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Abstract To improve the robustness of watermarking, this paper proposed an adaptive full-blind watermarking algo-
rithm based on sub-block segmentation (ABWASS). In the embedding of watermark,it embeds the adaptive watermark
according to the characteristic matrix of the host image and integrates the key information of the watermark into the
LLH2 sub-band by using the improved 2-phase DWT,so as to obtain the watermarked image with dual watermarks. In
the process of watermark extraction, firstly it separates key information for blocking and then gets the characteristic
matrix by DCT to extract the watermark. The embedding of key information for blocking makes this proposed algorithm
be a full-blind watermarking. Experimental results show that the proposed algorithm performs well in most conventional

attacks and geometric attacks and performs better in all mixed attacks with the maximum increment of 2. 7% ,and it also

has good invisibility and practicability.
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Fig. 1 Frequency band distribution of DCT coefficient
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Fig. 2 Sub-ban decomposition using 2D-DWT
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Fig. 3 Block diagram of embedding watermark

PATR/N I 8 X8 B G T Tk 4] Hevp 45 A /N 5 i R —
MEER ARG T e BN B D1 AT X 2 P
O3 KB T BRI/ 33, HA Ry R X 2, n il 4 BiR . 4
R FE PR GE T BRAEK ENE B A G XX 1

2018 4F
PRI B AE (S £
(-~A
X1

X2

B4 EHRT S i 43 1
Fig.4 Segmentation of sub-block
3.2 HESR
3.2.1 HARSEMEE 5 A
(DA EE T KN M XN, KETEIR KNS 1 X
Ly AR PR KCED /Iy, D0 42 BRI T A 9 8 SR A5 B R

> WK EFELR AR 1R T 53 7 2 0 b g 2L

7[3@;@% BATHICHN L, i=1,2,

(DOFFFY L, #47 DCT 254044 3] DCT REEIE I,
I e p 47 g VAKX 1, 2y PR G B3 43 i R AR
g3 AR AR Y O X 2.

smyj=1,2,%m,

(3)%F I3 1 #£4T DCT A8, 3 H A AR KR A (p o) 14
AR BNREAEE . W% S0 DCT REUE K T 855 T 0, W ARE
A L=1&0L =0, i=1,2,,mXn, R 5 ¥FEFE
FP 3 L S KN m X on B B 30 W RRAE R B L
3.2.2 KPP ImEE

W ZAH AL MO R A R w, 513 B 09 /N AH [ 19 R AE
FEFE L BEAT S 50 5%

wi; =wi,; ® L, (3)
Hrp,i=1.2.,.m.j=1.2,.n,

3.2.3 RFFEEN

T3 DUF 5 208wl A B R A DCT 8 1, 1)
X3 2

(DY ¢, =T, Cs1or)— I Cy o) <B H wi,; =0}, %
I Coar) =T (sy o) — (B— 1) /2 (4)
I G =T, Csrarm) +(B—¢1)/2 (5
DY ¢, =1, ,;Cspar)— 1 (s or)<BHw!,;=10,%
I Csoar ) =T, Csy o)+ (B—$,)/2 (6)
I Giar) =10, Gy ar ) — (B—¢5) /2 (N

Horpr, g R AR MK BRI HR A SR B s, F oy SR A KBNS B
FURE IABAR LI o) i A K ERAE BUJE 19 DCT 46 B¢
GrorD) WM RE,i=1,2, ANHFERIE s, Fs, Flrn Fr, 20
— NS, XTI L 34T IDCT 28 40 J5 153 31 ik A K

R EGR TS I a8 & A K E B WER T,
3.2.4 KA &M A

(DIg AR 7K BN MR 0 58 50 0 R o F e, 4 AR 4R

chE’JIFf: SRS fn A S

()X I "#4T Haar /N AT B 4 A4 LL, , LH,,
HL, ,HH,, X% LL, ¥4 #F #£ 17 Haar /il 2 4015 2] LL, .
LH,.HL, ,HH, 4 A~Ff 8 PR 74 LH, Rt AR S
AKERF/NIAE B BRI T BE AR B Al A 9 4L T A Y
DB AEFR N Cer s DR Cey 4 ) s HiH o Fey o KTEAR B iR A BN
B 5 R,



10 1 X1

i A T BRI 08 A R BOK BN A 181

DY dy=LH, (¢, »j) —LH, (e, ))<<8 H fr1, =0 W, %

LH, (¢, s j))=LH, (¢, »j) —(6—d,)/2 €))

LH, (¢, »j)=LH, (s;ar)+(8—dy)/2 (€))

M dy =LH, (¢, »)) —LH, (¢, , )<< H fr,, =11}, %,

LH, (¢, ;) =LH, (¢, ,j) =LHy (¢, »j)+(8—d,) /2 (10)

LH, (¢;»j)=LH;(c;,j)—(6—d;)/2 an
Forp, o 2 FH R P AR B N S8

[ 3, >R FH AR [R] 09 77 12 552 90 5 B2 A LA A &

(¥ LL,,HL,, LH," f1 HH, EM &% LL, ", 55
HL,.LH, . HH, Fi#f —EHEMH B EHKPER XA
K ENR/ME BB 17,

OO
0 0O O
I

B5 9 Ak AR E
Fig.5 Nine sets of embedded positions
3.2.5 JKEPHGRIR
IR ER BUR K B A B9 303 AR L S B /DN I 3 B O 4%
B R AR K BN A IS 215 B IF ARR % A5 B X R HE AT 23 DA
DCT A& 4, N DCT 5 v 42 3 i 7K B {5, 98 )5 ) T BiD T 42 1
4 J 0y oK BN B9 R AR R R I A K ED SRV AT A B 4R 1Y
FARKED, ARERICA L PR AN AT 6 TR .

from
BE | | s seme |mees|nan
4+3#/DCT A ACER 7| A
T #AkEn
%+ | owr[ &

HE & 1 ®k®E

B 6 7K ER 3BT AR AE 5]
Fig. 6 Block diagram of extracting watermark
WIEBGE G R GoxF AT Haar /N AR 3 15 51
AAFA LL W LH, ' HL, ' HH, ' FEX 748 LL, 345/ 3
AAAFE] 4 AFA7 LL, W LH, ' HL,'fl HH, ', 36 8 Ho o iy o

AT LH, RABFUKEKSGEEE . iC B MK EM N
ftl/vmlj:
o= 1, LH, (c;s)=LH, (¢ ) (2
0, Hih

VSRR LT A7 - A 9 5 2 £ D06 K

PG K B . R B A3 B BN 5 BEAR S R L e
TR F
HE GIRNMN ABOFE ¢ e, BT B E IS

B B’ A5 G AR RER KR D} Sy T 4T

BN G, o i=1,2,m’ . j=1,2, .0,
(X FH G, #47 DCT A5 #0453 5] DCT REH P G, »
Gl BYRT p AT g FIRIX R 1D G'1,; i A B X 8 2,
COFEXF X 1 #47 DCT A8 #e , R P A ARy (o) 19
ABORAASFFHEAS . R A DCT REME K F %+ o,
MR LS =150 L =0G=1,2,,m' Xn'), ¥R 1E

IR L 4 R KN A X WRRAESE I ie o L7
(S I 2 SR IR i A K ER

1y GlyGoar) =Gl (Gsyar)
w; ;= (13
{o, oAl
(6) 2 B H RRAN G
wi,; =w;BL;, (14)

(DOWEK 1,/ 5% ./ F Matlab H 19 imresize pEE I 3%
w* 15 KB RS W,

4 HEXBSHH

AR5 FFH Matlab 2014b 5288 T A S, R A 512X 512
B K BE R4 Goldhill 1 Lena., 188 X 49 ) — {H 7K EJ 1% ¥ 17
S, i R RS UE T R IR K ED R B RN TR B R 128 X

64 U111 7 PR . AFERIBIE R4 0 dy E x LE R 4 X8 g

TH U —SL A 128 X 64 DT P, XA THIEFT DCT 4
e T4 X8 RN AR HLAT 4 47 4 B9 A bR (4, 1) A
(4, 30 B 5 TEIR Y P AR AR 20 8 5 X T A R I A B

ED(Sl s 1] )j‘](‘hl) s(Sz 7r2)j‘7(493)o

pHlkZ

Ca) J R 7K

7 JKENEIGR

Fig.7 Image of watermark

4,1 AREIEEAES

R T PRAR K ER B S BT P AR 3C 3 B 4 1A 1B 4R Goldhill
Il Lena, W& 8 & 9 fim, X p=0=230 B K% 1) PSNR
I35 35. 0443 F 35. 7392, 2 I 45 B R W] AFWASS H A &
I ASE] L

Ca) JEUIE 23 e 1 4 (b A K DV B 3 1 P 1%

8  Goldhill {4
Fig. 8 Image of Goldhill

Ca) JELIE 3 e P 15

(b A K BV A 3 1 P 1%

&9 Lena Elf%
Fig. 9 Image of Lena
4.2 EEMELSW
AR e A SO T — B LT o LA 3



182 B N N = R

2018 4F

10 45 T B — e e . [/ 10 () 3R R 1 1 R /1
F3X3.0=1WmHriEd; K 10 RRBER O TEH
0.0003 BT HIMER s I 10 () R AR A& A 1/8; K

() BEAIL I B 5 51

10Cd) FRBEHLIN BRI F1 5 8] 10(e) 278 1R 4 U i (JPEG40 % +
FOLEIYT 1/16), SEEZE R KU, ABWASS BE 1% 1R 47 M 45 B
1 T PR R K ED S

()R A 8k

B 10 Toddi f5 R 25 B U A K B AT IR &G K Bl

Fig. 10 Attacked image, preliminarily extracted watermark and restored watermark

4.3 LWHERSW

AR SO 5 SOk D3 A0 SCik 05 1 SR vk B AT P et &
PELLH . 3R 1 50 T B — T J5 B2 IOK BD AR 4R K BRI NC
{H .2 2 5 TR A 2o J5 32 Bk B A IR K BRI NC
B 1 AT R — e BR T OAUER W R R B AL A B A1
ABWASS I T R3] M i Bk Eom iy & B bR T

JPEG J 4 A BE BV & b - ABWASS £ T SCk (5] il 5532 .
M7 2 Al X IR A Wk . ABWASS HoA B i 1 & B .
T3 A AR SCASE T BN 28 A LA v Y R AE X K B AT o R
o T LUK B 25 2 AR v s A 1 1A [ B WA e T IR T
Bk B B B33 v K ER TR RN KB R I 22 T) /NS DG T Y )
R FH R ST A R SCOK B R A R

1 Goldhill F{R LI — Tk 1 52 4045

Table 1  Results of Goldhill anting single attack
CERS P A8 3 CEA L&Y
H ok 3X3 #HoAAN3X3  HE=0,% % =0.0001/0.0003 % B =0.001/0.003
RENE3] 0. 9600 0.9132 0.9920 0.9824 1. 0000 0.9941
YE] 0.9652 0.9449 1. 0000 1. 0000 0.9933 0.9848
ABWASS 0.9723 0. 9486 1.0000 0.9999 0.9968 0.9911
IPEG & 4% ZLEAET [ LA B
80 60 10 1/16 1/8 17 2 7l
RENL3] 0.9574 — — 0. 9740 — 0.9995 0. 9989
YE] 1. 0000 1.0000 1.0000 0.9756 0.9489 0. 9964 0.9796
ABWASS 0.9998 0. 9994 0.9857 0.9974 0.9910 0.9854 0.9684
. . s .
# 2 Goldhill BHUEHUIR A Bodi 19 92 10 45 51 5 2 X W

Table 2 Results of Goldhill anting mixed attacks
JPEG40+ JPEG70+ BHORM T EEEF+
O /16 HEALE KR 17 ot H 2k % A
YE [°J 0.9676 0.9971 — —
ABWASS 0.9875 0. 9985 0. 9584 0.9896
HERE AL DCT 8RB0 R AR F o S 1 O 15y 5

Bl £ M T — iR B0 2 T e 2 R 1 OE 0 K e IR R K E
R BRI A Y K B A T ¥ S D R T
PR K BB T2 BT K BN AY IS R RO S g DR TP S ALK
Bk 22 18] 7K Ef TR I /INAS B TE A 1) R, o7 FH 9 RS )32
S 25 R WY 2% 1 R A A R e S (B O
BT R P L0 O S R L it L O B R S i o B A R AR
PURE ST, AT LA 28 AR AP RO B A AR KA 52 M (. (H K
VBN AT WA S R R AR 4 J g AT HE— 22 I IE T

[1] GAUR S.SRIVASTAVA V K. Robust embedding of improved
Arnold transformed watermark in digital images using RDWT -
SVD[C] // Fourth International Conference on Parallel, Distri-
buted and Grid Computing(IEEE). 2017.:563-568.

[2] DONG S.LI J,LIU S, Frequency domain digital watermark al-
gorithm implemented in spatial domain based on correlation co-
efficient and quadratic DCT transform[ C] // International Con-
ference on Progress in Informatics and Computing (IEEE).
2017:596-600.

[3] REN K Q.ZANG D D, WU F. Adaptive Robust Image Water-
marking Based on DCT and Hamming Code[]]. Opto-Electronic
Engineering,2016,43(11) :54-61. (in Chinese)

L5058, 5K FHF, R filE DCT AR (1 [ 3 0 & 1 ER K
EB[J]. JtH T2 ,2016,43(11) : 54-61.
(F# % 216 )



216

i BN R

2018 4F

[15]

[16]

[17]

and non-variational multigrid algorithms for the laplace-beltrami
operator[ J]. Mathematics of Computation,2011,81(279):1263-
1288.

REN Z H.,WANG J,GAO Y L. The global convergence analysis
of particle swarm optimization algorithm based on Markov Chi-
nal J]. Control Theory and Applications,2011,28(4) :462-466.
(in Chinese)

AT, R, R G AR, B AR B I B R T T O 10 53k 4 R W 8
ALY ] Pk BEie 5 5 . 2011, 28(4) :462-466.
CLEGHORN C W,ENGELBRECHT A P,et al. Particle swarm
variants:standardized convergence analysis[]]. Swarm Intelli-
gence,2015,9(2/3) :1935-3812.

DANTAS AF O D A,MAITELLI A L,et al. A Modified Matri-
cial PSO Algorithm Applied to System Identification with Con-
vergence Analysis[J]. Journal of Control, Automation and Elec-

trical Systems,2015,26(2):149-158.

[18]

[19]

[20]

[21]

NING A P,ZHANG X Y. Convergence analysis of artificial bee
colony algorithm [J]. Control and Decision,2013,28(10) ; 1554~
1558. (in Chinese)

TR R TE S N TR SR p WS A BT L) ). 0 5 e i,
2013,28(10):1554-1558.

KONG X Y, LIU S Y, WANG Z. Almost sure convergence of
artificial bee colony algorithm:martingale method[J]. Computer
Science,2015,42(9) :246-248. (in Chinese)

FLAT 0 =B 2 0T N TR R 1 LT SR B i St -
B LR, 2015, 42(9) : 246-248.

ZHU G.KWONG S. Gbest-guided artificial bee colony algo-
rithm for numerical function optimization[]]. Applied Mathe-
matics and Conference on Computation, 2010, 217 (2) . 3166-
3177.

MRZVL, 3 SC R . BER e 5 8 ge v LML db st . o B BT AR Hh A
#,2011.

(L% 182 )

[4]

[6]

7]

L8]

9]

[10]

[11]

[12]

SU Q.CHEN B. A novel blind color image watermarking using
upper Hessenberg matrix[ J]. AEU-International Journal of E-
lectronics and Communications,2017,78:64-71.

YE T Y. Perfectly blind image watermarking scheme with multi-
purpose based on region segment for sub-block and self-embed-
ding technology[ J]. Journal on Communications,2013,34(3)
148-156. (in Chinese)

R BT P S LR A R A SR 1 A2 2 TR K
EPR L[], 015242, 2013,34(3) : 148-156.

SINGH D,SINGH S K. DWT-SVD and DCT based robust and
blind watermarking scheme for copyright protection[]J]. Multi-
media Tools & Applications,2017,76(1):13001-13024.

HE H J,ZHANG ] S. Chaos-based scramble self-embedding wa-
termarking algorithm [J]. Journal on Communications, 2006,
27(7) :80-86. (in Chinese)

LA SR E R, BT IR B LAY 4 B B i AK ER Rk [ ]. d (s
4R ,2006,27(7) :80-86.

ANDALIBI M,CHANDLER D M. Digital Image Watermarking
via Adaptive Logo Texturization[ ] ]. IEEE Transactions on Ima-
ge Processing,2015,24(12) :5060-5073.

SHANG F,WANG H Q,ZHAO M. A Watermarking Algorithm
against Rotation Based on DCT[C] // Proceedings of CIHW.
2010. (in Chinese)

WK, T REEE L DCT BT F B K BRI C) /2 AE
BB 2 RS B AR K 4. 2010.

SHI H, LI M, FANG L. A robust digital image watermarking
based on adaptive multifunctional scheme[ J]. Optik-Internatio-
nal Journal for Light and Electron Optics,2015,126(7/8) :804-
812.

UPADHYAY A.DAVE M. Robust and imperceptible color ima-
ge watermarking for telemedicine applications[ C]// Internation-
al Conference on Computing, Communication and Automation
(IEEE). 2017:1104-1109.

HAMID M,WANG C. A simple image-adaptive watermarking
algorithm with blind extraction[ C] // International Conference

on Systems,Signals and Image Processing(IEEE). 2016:1-4.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

LOGANATHAN A,KALIYAPERUMAL G. An adaptive HVS
based video watermarking scheme for multiple watermarks u-
sing BAM neural networks and fuzzy inference system[ M. Ox-
ford:Pergamon Press,2016.

ZHU G,ZHANG ] L. Adaptive robust watermarking algorithm
based on SVD and wavelet packet transform[ J]. Application Re-
search of Computers,2013,30(4):1230-1233. (in Chinese)

F KA S, HE T SVD FI/INEE AL A3 1Y F S B KBNSk
(17, 3HSEHLRE FHBFSE . 2013,30(4) :1230-1233.

LIU S,PAN Z,SONG H. Digital image watermarking method
based on DCT and fractal encoding[ J]. et Image Processing.,
2017,11(10) :815-821.

PATIL H M,RINDHE B U. Study and overview of combined
NSCT-DCT digital image watermarking [CJ // International
Conference on Global Trends in Signal Processing. Information
Computing and Communication(TEEE) ,2017:302-307.
FATHIMA N K,CHITRA P. A robust encryption and digital
watermarking scheme for dicom images using quaternions and
DWT-SVD[ C]// Online International Conference on Green En-
gineering and Technologies(IEEE). 2017 :1-6.

WANG X Y,LI L,LI H F,et al. A Blind Watermark Decoder in
DT CWT Domain using Multivariate Bessel K Form Distribu-
tion[ J]. Chinese Journal of Computers,2017,40;1-15. (in Chi-
nese)

T BA L 2R, 2R Y, 4. 3T 00 BKE 4o a1 SR & 5L
N SR K B I Sk [ ). LA, 2017, 401415,
WANG D C,TIAN C C,CHEN B J. Dual watermarking for co-
lor images based on 4D quaternion frequency domain[ ] ]. Journal
of Jilin University (Engineering and Technology Edition) ,2015,
45(4):1336-1346. (in Chinese)

FE A AR AR WAL Bt B T O 4 Y ST 8O B Y R A RSO E
KNI, F AR R (T2 WD 2015, 45(4) £ 1336-1346.
LIU X L,LIN C C, YUAN S M. Blind dual watermarking for
color images” authentication and copyright protection[]]. IEEE
Transactions on Circuits & Systems for Video Technology,

2016,PP(99):1





