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Halftone image watermarking with block-directed
parity-matched error diffusion
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Abstract: A robust halftone image watermarking method was proposed. The method was developed in parity domain
based on pixel block. Especially, the parity sum of a pixel block was defined by comparing the average of the pixel block
with an image-dependent threshold. By altering the pixel block’s parity based on noise-balanced block error diffusion,
watermark was spread into the host image. Watermark was retrieved by employing each pixel block’s parity and majority
voting strategy, not referring to the original image. Compared with the state-of-the-art method in parity domain, the re-
sults indicate that the proposed method has high watermark rate and watermark rate flexibility. Moreover, it is capable of
extracting watermark directly from the attacked watermarked image without quantizing it into a halftone image. And it
can achieve high robustness against common attacks and print-and-scan attack of different types of printers and scanners.

Key words: halftone image; watermarking; parity-match; block error diffusion

Vol.35 No. 12
December 2014

1 3515

v G T KL R A — A E
@%%?E:ﬁﬁﬁimmﬁﬁﬁmﬁﬁ,bﬁ
LTRSS RAR. 288 ST eVt b o R,
B R SR AT U o A Pk gt gy

NNV NS YN S Sy e
B2 DR 3 BLIE 0 LB 138 8 52 2
eI AEH .

H P KENEAAR KED (i #15 B. A FlAR

Yais HER: 2014-06-09; f&E HHEA: 2014-10-10
HEEWMEB: EEAKRRBFEELSZIIE (61100156) ;

A ATE 32 oK IE BB AR Y BN BUIER
H P T W E R ek, K2 B K
ENENEIFAER T 8. T, kR, AT
FUFKEIHAR, HFRZKEHRA HL 723405 L B2

P ID R BRI mTwﬂwmﬁmiﬁyﬁmb
I ARTE S IR DS My AR [
R RKENBOR Yy 2 KK —FP 7K B A i
i EOCHMRK B R, AR A 5K ENSEIURE A
EE RSk N EUDINTTBZNE e YRS A AR 23N
UERTH K 53— 2K BN R K ERN 2 B

B “+=H” e E (513160702)

Foundation Items: The National Natural Science Foundation of China (61100156); The National 12th Five-Year Plan of China (513160702)



154 « w A

i}

L 0535 %

BEZEHEG S, Jeirhm 2 mEGES, @
A AR AT P4 U ) ek 1) K B R, e 2K BN
TR AR —Fh o AT A
JKER,

55— 22 R KB 1 I 1R Bk dne] e AR — A
AR 7%, Ree A ARE, JUH M T —
FUG G A B, [H) A I R LR 4 K B i N 2%
R R B 1 % i . PMEDFU 0L I 2R 45005
B, A BHR AT A g R, R H
15 J 8 DXk (1) 75 AR PR SE K BN, BB IR A3 18
U 1O PG i A M . SR, e R R R A 2
SeFE A H 1) kK ED G s — e R . TR
A AR, A B A i 128 AR F]
100 LA 5w ARG HT EDHLIR oo 38 2547 R K g i .
SE b, FE MR I R A IS 1 R A AR TR
(1, AT 4 BE AR S H T BUK B 2R
W, HeAh, HT PMEDF WHTERF 4 2 5 1) i
Ab BEARREURK, 22 BON % K BN AN BE A — IR SR B T
DRI, 592 Py o A M AT A e B v

o, T R T PR 2 A BRI K BN
%, BRI T BRERE, GRS E E d
BN ZEYRE , (7] B e 75 S0 B 2 0 5 s 4 HH ok
PRSPV o Bzt 2o B ik e SR A
RUARPTRITEIHL AR AR Chn S8 25D 5 K1)
RICo T H, i G0 SR D skt A A e — A
BT ERER L, mdE A LLGE .

2 ETFEFEEAmEEEKENEA

WED/ IR S B T KK B it A B 0 27 1
B, e ST AMGEAE e Ak A 1 Jey A
A I A 2 ok S o 7S A G 1 A R AT A
SRR EIE 2, AT SRR SR A A P P RN
—RIKET. AR, FATHARMIKERAN R

MWED " Syky T WED, ‘e R %
R —ATIRAN— ALK ENE B, ESEBL B A K BN
SBR[ R B T AT WED — A IR 50 J5 i A it
Pk, R, KENEEEEARELS N,

PMEDF ¥415 TG HI S E A E S 1, it
VA MR R, A5 B ZK BN,
—HORSEHUKEME BN . 5 MWED S5 L,
PMEDF A4 T /KEM ik N2 i, 1 LR AR 7
BRI B A AR ZE B BN T A, P
T Senn R A TE TN, BRI RN

KB JE 2 R R B AT IR 1 B R

IIMT R, MG R I GE TR AR BB 77 4
Sk EARK B AR (0 e TR D). B
o8 BB HR T AT B —43 40 5N B 2R 20 B AEAE LK
BN LR ARAE B LR i

3 ETHFBREMNEIREDBUKENE L

h T v IR RE B 326 A ) PR, 4K
ENEEARPUAS R B e, ST — Mg A
PG =P T R et 22 43 W) 1 R /K BB
31 RIREHH

PR HUR AL SR 2 iy e, PuRk e
G WAV P A0 R 22 43 B U 0 2 b A ] S i A
A AP PE R A AR I R/ N IR . X,
HEAT T B

R B 22 A B AN — AN KN M N
R e, BN R Hen] DL R Rl — A ] &
x(m), m=(m,m) AEREENE, L b(m) KR
DN () —AH S, w(m) R348 S0 K % B
e(m) 215 0 K BE B Y () A AB B0 H b(m) 1)
FAH o AR ZE BRI 2% U 2% () S
FREEFE, & & 2 B bs SR 22 DRI A% IR AR
SR A ISR Ik . ASCIERET Floyd iR 2
A%, b(m)+ u(m) R e(m) 2 18 (105 R R 1H
IS WSS

u(m) = x(m)+ x'(m)

x'(m)=> " h(k)e(m - k) (1)

e(m)=u(m)—b(m)

b(m) = Q(u(m)) )
Horr, m Mk e R i, —MERRA R
MEFE R EAC IR O = {0,255} TR,
XH 0 ARREM, 255 EOM. MR RIGE
— MR AR, WG R, Hdw, &
INAE D M XN KAMEEIAE i MR, § BUE
M1 MN

O(u,)
| Ow,) 255, u, =128
ew= QO”)_{O,ui<128 @)
O(u )

3.2 BEHBITEN
SCHR[15148 7R T G AR LB 3 M LE A5 &



#1231

WS J T A AR A Vit 22 20 Bk K BN GRE <155 -

5 R, B R e TR R
V. 4 —ME R b(m) , ZGFZIRIIEE—
Abrit, RN A" (m) o B b(m) AR IEE S —A
MR ZE YA T TP RS 45 T AN AR S I
T o MRUBE AR IR I SR AT m A7, WE X2
ARG FH , G A H (IME—IXHET me GH
me H o HTRZESBUE—MRRIERE, Frile 124
RGN, AT G h GRS O a -y
EREE T, G AR 2 Y B B bR TR A
A (m) o ARBERUA K/ IN ST SIS 45, Tl i s
FRHARIE H AN 55

—ME R R TAT A AL R P, B ER
B @ rEbsic o P o PR PR SE LR

P™ (m) = [Zkecq(/lb(k) L (m))} mod 2
P(m) = [Zkqu(Ab(k) L (m))] mod2  (4)

LLx>0
i q(x)z{o,x<0°

3.3 KEDHERAFAIRER
RV A K FE I KN R B By, RO BE
L HE LG PR EE A w o A w, RKR/KED
G i R RZ A E RS, w, BT A
BREMALEES . W K KL 3 BER 5 F ok
D, x D, K/NRTHEATEZ P (FRAEKET IR 1,
Wi/t Dymod M =0 H.D, mod N =0), A4 /KEN w )
j(/]\@jjixi .
Dl 2

WIEEAAG R P —AH ) b(m) 249 0, THEHRA
B2 x(m) IEARIE A A (m) » B 5 x'(m) &%
WIRZE . THEARIER G WITH B EIUNIEIME, brid
A" (m) o 2SR 6) i AL, (7)1 (8)
a3 AR ()R (Q2).

A (m)+ x'(m) > A" (m) (5)

M%HZ_D WB}AND[P“ (m) = o]}
o {M%HZ_D Ww}AND[P”“ (m)= 1]} ©)

u(m) = x(m)+x'(m)—- N, (7
e(m)=u(m)—b(m)+N ®)

X H AND HI OR 2RIz 55T, N, W
SR, W HOR R AR R B, AR R PR
AT SR AR K B — 3

M3, 250w L nt, H=Nan
K127 A MM (Q2).

A (m) + X' (m) < A" (m) 9)

(5 ot
YT

(10)
u(m)=x(m)+x'(m)+ N, (11)
e(m) = u(m)—b(m)— N, (12)

LA OLT s AR PR S PR 2 o
BOEHEAT A BE . SXAE, SE T R P R 22 4y
BORG BRI, K BT N1 3 S

JK BN H s B AN 75 22 SR af K BN R B 2
5, SEANREUT R AT o 3 AN DR

1) ARG (@) THE R K ED UG BT 15 H 1 7y
Bk P(m) .

2) T —ANKERN B T TS R B Ay
T PEZ A, SR 5 R 22 B0 S e mg S U A 1 — 17
KEN . HAR R (13)FR.

[zapepAaHa Y-
(13)

3) HIONBEMLE NS w BT B AL, RAF/KEN.
34 BHIRE
TERR I S, nTiRYE TR 20 4 NS EOAT
WH .
1) BEI KN MXN ;
2) ARG I H B (MR IR A7),
3) KEHKRAE K/ D %D, ;
4) WINEIEER N,
WE 1 R, /N BRI YT E AR B R
FH, PR IR YErE AR G o AR 1
TERRIKENER AT

b B =B RN i 1< HARI G (1)



+ 156 ¢ o

i 35 %

PG ARSC I A" (m) W E B H B 128 108, A
HI AR SCAL AT HEEHE T PMEDF 51k

AR AENGG Z VBN 11 K/ REfE 3R
#3H1 PMEDF — £ IFI7K B AN 25t K BV IR AN 25 1
FRAE AR o AFJEAE AR T 1A SCH AL T PMEDF o
T, AR SCEVEA T EAE SR UK BV ek 4 ) ik
IKENEUR AL S GBS S5k, AR RPN
b <1 B, IR FEFRERIZKED , ASCH L PMEDF
ERPRIONLIES dEii

Tk BB
Ve ’
A 1
SErETy
KEIEABT

1 YRR, A G LUROKETHR N I IR

4 KRHERSO

N T e EHLPEALE H RK EDRE IR R e, IR A
f5#(CDR, correct decoding rate)" Vgl ISR Jgi 447K
EIVNIFAE 7K B2 TR AHALLE . CDR s CAnF

4
Zl<i<Q1 w; 0w, ;
1</<0,

O x0,

Forb, w Aw] | 23 IR K BN RS KD, ©
R ] 2454 (XNOR, not exclusive OR operation),
O, X Q, NIKENIR /N AR, CDR 8w b (1) 1
e .

HIZEF NHR AL BE R S8 (/5 e L. (HPSNR,
HVS- based peak signal-to-noise ratio)!' SRy &4
ik, HPSNR WaX(15)T5E 3o

CDR =

x100% (14)

P x P,x255
L 2
ZZI[Z”I’”ER Fm,n (xi+m,_/+n - bi+m,j+n ):|
=l j=

(15)
Hob, BxBARERIOKA, x, Fib, 5 W55

UK B PG ANA N 11 PR I R BE AL . AR,

HPSNR =101g

RE—ANKNNK 7x7 , FiZEo =130 Yk

.
JKENZ S e T K B A2 i, 52 LR

e KEME R B AL §

R T TR e

ATCSER K 4 MR R/N A 512%512 1K FE S
(Baboon. Lena. Peppers. Airplane) Rl ,
ORI 64x64 11 A8 BIGAE A /KEE R . Kl 2
ELAL T 45 8 Fl AN [F] Wk 5 i 5 (5,10,15,20,25,30,
35400 ', PMEDF 5325 ASCHLM BUG TR A
CDR. SEEHAE A 4 i B Ikgh 5220,
SRR H S ENER 1 s . AR 45 R aT LA
BEAE VR DI A N, IR, 5 R %, (HJ2 CDR
B4 . 7R FE R ME R R N, AR SCHEEN
HPSNR &1 PMEDF 3%, 1fii CDR Lt PMEDF %
TERAK . SR, 4 N, =30 1), 2 FEER) CDR AR
WL, AH MG A SCHEER) HPSNR M BT
PMEDF . J&T B4 5t MBS R G, 45
SRR g% N, BE A 30.

38

36,
m
2
&2
34
g
ISy
32

—o— A5

—a—PMEDF
300 S 10 15 20 25 30 35 40 45

N,
(2) 2Fh 5335 HHOK BN RS ) HPSNR

100

<
< 80
S
Q
© 70

10

20 30 40
(b) ZWQ;Z%H@CDR
2 BEMKNN I I, A8 FORRFE
N,y A S PMEDF [ LL#
PG E PN 2x2 BT, B 3(a) i
7~ T IR K S Baboon [, 1] 3(b) A AHM 1) Floyd B



5512 30 WS J T A AR A Vit 22 20 Bk K BN GRE <157 -

R IHE, HPSNR=23.86 dB, & 3(c) Ml
ASCEFAZ BN ROK VR, HPSNR=22.57 dB. 1]
DUE i, BN T 384 30 dB (MRS, 2 i
Kl HPSNR 1124841/ T 1.5 dB.

*1 2 IRk P ERR S

28 MxN G DD, PDR
PMEDF — — 8x8 11x11
BPMED 1x1 5x5 Rectangle 8x8 —

(c) ACHEMRENIRKEN -] K, HPSNR=22.57 dB
B3 AR ZEPRN Ty 2x2 I ERSUR B EL

AR 4R T KA 64x64 Fil 256x
256 [HJEAAKED, P 4(c) R 4(d)& 5 Bk AZKED
4 ()R] A(b)IF kK EDF S ] 4(e) R 4(D)
53590 K AP 4(0) R A() BRI K B, 1 4(e) ) CDR
H92.41%, [ 4D CDR 4 69.31%. 11 4 FTLL

Al BERKEIRSE R 16 1%, HIRKET RS
IR RN B, i H AR BESEICRT U
JKENFE S . CDR N BB ., 10 PR A B sy 7K BN 4,
IKEHRN B gt 242, X FEREN T 1 2 58RI
TER AR R, Kk CDR TR

(a) 64x64 [I7KENE (b) 256x256 7K E K4

|
|
p
{

(€) MIEl 4(c) PRI KEN,

I 4(d) L K,

CDR =92.41% CDR =69.31%

Bl 4 JKENRSZLG



+ 158 ¢ wofF ¥ Ik 35 %

h T ARSI R TR, RHBOK ED MG T T B
M. NS BYY). JPEG JE4A. STRENCAR. 4
T B U SIS o S AR EDHTIERE T 512%512 K
fE Lena KIEAME ERIMG, MR T —ASHW

64x64 JKEN, WH S(o)Fra, LAk W ETL M@ A k. T ——————
BB 5(b)fik A Lena &, 2E Btk /K BV G an B 5(a) 100
Jii7R, HPSNR=21.76 dB. X ik /K Bl % 34 7 2L 404 90t
i, iR se)fin. Bl SR T WNESEIG X
FREEURIKED . B 6~K 12 B T e A A R Bty S %
FIRIERGE . S0 45 A W Hh S TR 1 o
fhE, REBSARHL AT ol . ) . .
0.01 0.03 0.05 0.07 0.09
Tk 2 i JoE
(b) 7 [F] 58 BER BRI 75 e iy T RIC DRANFRERAG7K EP
[ 7 BER g Bt Se
(a)lk AJKED ] 5(b)f) Lena ¥, HPSNR=21.76 dB  (b)64x64 [{1/KEN 14 - ﬂJ?4O%E‘Jﬁ%7J<E|1@t
100
90
T
x
g 70
© 60 \ﬂ
50
40 20 20 60 80
b v o X WA/ %
()M P& 5(a)BEAT BL S8 I Pl (dyFEHL /K BN, CDR=T8.76% (b) I BTH) HeA3 T i CDRFIR B 7K R
5 BBGhss B8 B
() DU R IE T4 FE A A ED E
100 100
90 il — =
§ 80 S
g & 80
3 70 8
60 70t
50 00T 002 003 004 005 60— 35 85
i REHET
(b) 7 Rl B 725 B P I o I CDRFRE G 7K £ (b) S [F) B B A - R 4 F I CDRFIFRIR YK EN

W6 I 59 JPEG HE4i Bt si i



o512 30 WFERAE: R A A I Y e 22 2 B PR K B A <159 -

(a) ZEREWD T SO K EDEI G
100

=) £l

90 & = = =

80

CDR/%

70

60

Vo0 20 30

30 50 60 70 80
REW
(b) AR F5 AL T B CDRFIFEE A K B

K10 s sl ek

0 200° 800° 12007 1 600
HTHI N
(b) RGN T BCDRFIFRIN A K I

11 TR SR

100

90

80

70

CDR/%

60

30 4.° 16° 16‘° 2&°
ek o
(b) 7 7t i BE Bt HICDRAHARAG K E

12 s

B, BT T E—H B s, R OK Ep
BUGSE AT EIDLAT ER ke, AR5 PR 1 20 50 18
%o BT E—HH 0 BRSO,
P CATEARRS K BN 2001, @7 ek 5 M Adobe
Photoshop 7.0 ZEATBY P IH4Ef 512x512 Kb, 4
AR T ) AL B R U 13 s

e = e = o

JL
i3]
ﬁggfﬂ K= (Eﬁ}ié%ﬁﬂ‘) <= (Adobe Photoshop 7.0)

13 FRKENE T H Ak B

X HLK E AR ) TRAG B AT PMEDF S35 1) Fiisd 3
A3 AURF: DY EATELERAKE R 4 M L
JBCEAE N FPAE BB ERER 2) R R4 s s Hem
IHEETER, JCFPRT EI—4 4 5 koK B R 35
Ji 512x512 ANk, JUHGE 3T El—F45 5 B A
ST 512 MR, XA PO RARMERRAE; 3)AFR
BAEAEIOK BRI BT R A e il — (R

TEPUT El—H G sege h,  SE4H HP Color
LaserJet CP2025 ] E[1}¥] 5(a), 4 F§ EPSON Perfection
1200U 7324 EIUR, 7 HERI8%CE N 300 dpi. [
14(a) HELHT EI—F45 5 PIAL BRAS 21 IR, ] 14(b)
M 14(a) P RS H R ZKEN, CDR=78.26%. SEI6 45
SRR R R R A AR T Bl — i 2t

(@) s@&id T E—adE
TRAL TR 21 5

(b) N 14(a) 4R EL
JKEN, CDR=178.26%

14 HP Color LaserJet CP2025 F11 EPSON Perfection 1200U
PR EN— 4 B S

h AR AR PUAS 7] 225 4T DL AN 43 4 43 e
o oA P, SOAE HT 4> B ¥ 300 dpi 1
Canonlmage RUNNERS5000 #1 Microtek MRS-
3200A3 XJ &l 5(a)HEATITEI—4T4. & 15() W &AT
EN—4 4 5 misk #4532 1) K4 18] 15(b) 2 ] 15(a)
FREREUH UK ER, CDR =77.19%. 525645 B4 W42
H R RS AR A [F) 85T ER LR R A 1 B



& 2 ) 335 4%

rﬁ
atll

* 160 *

25 T ACH S PMEDF B0t 1
I EE R . R DUE H, ASCHE LGRS
L M Tt 1) ik K B B AR T AR IBOK D, H 2
PMEDF L7 2 B~ A g AR UK B,
WK BB e e A o AR o R e iy —AE

KI5z AR 2, AN R ) 5 249 201 CDR
() S@)Zid 4T En—Hfi 5 (b)MIET 15(a) B2 HR EY AR, #6342, % PMEDF &35 T 471

THARERAS 2 1) 15 JKE, CDR=77.19%
L o N . s .
& 15 Canonlmage RUNNERS5000 1 Microtek MRS-3200A3 Gike MR 2 BRI LLA th, ASCRIRRI T
IA4T EP—4 4 Mok s 56 B o [ AR Pk
Fz2 EARME LR “— FonRBAY/KENEMSANATIRA])
PMEDF s N
Yrili - AR A
HEARIUKED SeAR R A HLHUKEY CDR/Y%
CDR/% FHH2IUKED CDR/%

R 0.01 _ 100 86.08
TR 0.02 — 97.53 81.57
R 0.03 — 83.25 77.86
EEERE 0.04 — 63.11 73.63
EHERE 005 — 53.37 69.95
WA 0.01 67.38 67.38 86.72
SRR 0.03 — — 80.08
WM 0.05 — — 74.12
WM 0.07 — — 70.46

B e 7 0.09 . _ 65.58
5 20% 89.06 89.06 83.45
Y] 40% 78.27 78.27 75.32
WY 60% 67.14 67.14 67.41
B 80% 56.98 56.98 58.91
JPEG i KT 85 — 100 91.41
JPEG JFiit A T 65 — 100 91.13
JPEG Jiii [N+ 45 — 100 90.80
JPEG i+ 25 — 100 89.94
JPEG Jiii[A+ 5 56.20 100 89.23
S -10 — 100 92.53
S 30 — 100 92.53
=R 50 — 100 92.53
B 70 — 100 92.53
O 15001 500 _ _ 67.19
AETOR/N 1 024%1 024 _ 5037 73.46
AHIR/N - 768x768 — 51.64 80.88
G/ 400x400 — — 76.64
AETR/IN - 340%340 — — 59.94
JEE  4° — 51.47 86.08
e 10° — 50.27 86.35
R 16° — — 86.01
Ve 220 — — 84.01
% 80.74 80.74 78.76
FTE—3145 31 (HPColor LaserJet CP2025,EPSONPerfection1200U) — 52.17 78.26

FT El—313 17 (CanonlmageRUNNER 5000,Microtek MRS-3200A3) — — 77.19




#1231

Y HESE

T B AR I PR 22 3 B K BN S0

* 161

5

HRIE

AT T T A AR R B R 22 ) B 1

KBNS, BENs B A BGT (Fik/K ED B R B2 BUK
BN B s FOE A ) (I, X ALK Ep
RS SE N TR AAISE ] SN, T e e T KA
JRyERASAL, A TSRS AT K ETIR N, AT
FRESEONER], JF HA SRttt RERSHRHTS
Tt et 5 RS A R B

2 30k

(1

(2]

B3]

(4]

(5]

(6]

(7

(8]

[9]

[10]

(1]

[12]

[13]

ULICHNEY R. Digital halftoning[M]. Cambridge, MA: MIT Press,
1987.

FLOYD R W, STEINBERG L. An adaptive algorithm for spatial gray
scale[A]. Proc SID Int Symp Digest of Technical Papers[C]. USA,
1975.36-37.

KNUTH D E. Digital halftones by dot diffusion[J]. ACM Transactions
on Graphics, 1987, 6(4):245-273.

ANALOUI M, ALLEBACH J P. Model based halftoning using direct
binary search[A]. Human Vision, Visual Processing, and Digital Dis-
play II[C]. San Jose, USA, 1992. 96-108.

SU P C, CHANG Y C, WU C Y. Geometrically resilient digital image
watermarking by using interest point extraction and extended pilot
signals[J]. IEEE Transactions on Information Forensics and Security.
2013, 8(12):1897-1908.

HAMGHALAM M, MIRZAKUCHAKI S, AKHAEE M A. Robust
image watermarking using dihedral angle based on maximum-likelihood
detector[J]. Image Processing, IET, 2013,7(5):451-463.

NASIR I, KHELIFI F, JIANG J, et al. Robust image watermarking

VIA geometrically invariant feature points and image normalization[J].

Image Processing, IET, 2012,6(4):354-363.

MAYER J, SIMSKE S J. Modulation in the HVS domain for hardcopy
watermarking of color documents[A]. The 8th International Confer-
ence on Signal Image Technology and Internet Based Systems (SI-
TIS)[C]. Sorrento, Italy, 2012.188-194.

TAN L N, SUN X M, SUN G. Print-scan resilient text image water-
marking based on stroke direction modulation for Chinese document
authentication[J]. Radio Engineering, 2012, 21(1): 170-181.

GUO J M, PEI S C, LEE H. Watermarking in halftone images with
parity-matched error diffusion[J]. Signal Processing, 2011, 91(1): 126-135.
ZHOU Z, ARCE G R, CRESCENZO G D. Halftone visual cryptogra-
phy[J]. IEEE Transaction on Image Processing, 2006, 15(8): 2441- 2453.
DAMERA-VENKATA N, YEN J, MONGA YV, ef al. Hardcopy image
barcodes via block-error diffusion[J]. IEEE Transactions on Image
Processing, 2005, 14(12): 1977-1989.

FUM S, AU O C. A robust public watermark for halftone images[A].
International Symposium on Circuits and Systems[C]. USA, 2002.

[14]

[15]

[16]

[17]

639-642.

FU M S, AU O C. A multi-bit robust watermark for halftone im-
ages[A]. International Conference on Multimedia and Expo[C]. USA,
2003.213-216.

KUBLBECK C, ERNST A. Face detection and tracking in video
sequences using the modified census transformation[J]. Image and Vi-
sion Computing,2006, 24(6):564-572.

GUO J M, SU C C, LIU Y F. Texture orientation modulation for half-
toning watermarking[A]. International Conference on Acoustics, Speech
and Signal Processing (ICASSP)[C]. Japan, 2012.1813- 1816.

GUO J M, SU C C, LIU Y F, et al. Oriented modulation for water-
marking in direct binary search halftone images[J]. IEEE Transactions
on Image Processing, 2012, 21(9):4117-4127.

EEEN:

BIIR (1980-) , L, WIMHASKHA, ¥4
PR R AL YW, EEAEsY
T BT KED . 2 A 5 A A,

#BiBL (19790 , &, WHbREAN,
B, PR TR EREER . WA
S, BRSO IR AR SRR A
1By HT S

W (1956-) , H, FRA, FHIH
TR % RS, ERT
T3 R R P TR R S N B R

st
SFo

2RE (1978-) , B, JELEEN, 7
TR R A WA TR, &
B I 1] A PG A L P G R AR



