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Multipurpose Image Watermarking Algorithm for Progressive Transmission

Abstract

Abstract: Multipurpose watermarking, which has the property of both robust and semi-fragile
watermarking, can realize two or more purposes in one algorithm, e.g. copyright protection and content
authentication usually. It can be classified into multi-segment and single-segment watermark embedding.
The latter is better in invisibility, but more challenging than the former. A multi-purpose image
watermarking algorithm with single-segment watermark embedding for progressive transmission was
proposed. It embedded a watermark abstracted from original image into middle and low-frequency
coefficients of block DCT transform. In the watermark embedding process, the intensity of watermark
could be dynamically adjusted according to the local texture and highlight intensity of the host image. In
this way, the algorithm could fast perform copyright protection and locate spiteful tamper. The intensive
experimental results show that our algorithm meets our expectation that copyright protection and
locating spiteful tamper can be carried out at the same time.
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Abstract: Multipurpose watermarking, which has the property of both robust and semi-fragile
watermarking, can realize two or more purposes in one algorithm, e.g. copyright protection and content
authentication usually. It can be classified into multi-segment and single-segment watermark embedding.
The latter is better in invisibility, but more challenging than the former. A multi-purpose image
watermarking algorithm with single-segment watermark embedding for progressive transmission was
proposed. It embedded a watermark abstracted from original image into middle and low-frequency
coefficients of block DCT transform. In the watermark embedding process, the intensity of watermark
could be dynamically adjusted according to the local texture and highlight intensity of the host image. In
this way, the algorithm could fast perform copyright protection and locate spiteful tamper. The intensive
experimental results show that our algorithm meets our expectation that copyright protection and locating
spiteful tamper can be carried out at the same time.

Keywords: multipurpose watermarking; progressive transmission; JPEG; human visual system (HVS)

5= K, eI EE (IR, G4 B e
BRI 0 Ko« T SHLA S48 AN TR B8 4
WOTIEAAE, M. TR LA B,
A NSRRI RSN, 72T VP

R 20150143 S 2015025 g% PR i 1 SLONCT U Y 8 SR AR R
HEIH B FEBORDIUR (863 71-k1)(2013AA0

Bt VAL R A e M EL IR 99 ) 3k

—

NI OUAOTT), U5, AL, Wk WIEE, AL S P P 25 0 ZU S P 7 SR BE RN B

WFFLTT 10 R HCF K BB s W5 55(1966-), 2, i1, o . .
= =g 4 - N e % S S

WFSETT i)k 2 AR A 3 ﬁ?li/fzig'fﬂ;m:lj:lngj_ﬁ Jo E/JE%IJﬂ])—L 364&

E

http: // www.china-simulation.com

* 1615«

Published by Journal of System Simulation, 2016



Journal of System Simulation, Vol. 28 [2016], Iss. 7, Art. 18

%28 55 T
2016 4 7 J

Wi oy, iR T — A RROBLOR )

B K EVEA R AR A H I B0 T Bz T A=
(10— Ff AL DRI AT A BNAE SR, B AEA R
AT RSO, BEEARGUR A 12 S U A UK
BV, AT RELE G i ¥ 1E 35 A R b 55 B AR 2
PR AMET A o I, e m] DA 7 A
7 b AR 1 — P 2R 7 T B,

e F K ENBOARAK A 1 E A AR, T 2AT 53N
FGOKED S S HUKED . BUBUKED . SCAOKED, DL
YRR R K BN RSO A, T
LAG3 AN BT WA ERATR] LK 2 o AR A0 7K B
B BOE 1 il B AR IRAR 2, W 0 E KBNS
JKEN. 3% &gy, Age Ln] 53 HI T ROBCORA 6
P ZKERTHT T A AR B () a5 /K B, (I 24
oK, QLI T AN AT [R) I PR OR3P R A 2 A E
(12 g K ENEETEE D, AR SO 4Rt —Fh % 2 1)
REZKENEETL, e (R AL 5 58 e K BRI~ ffg 55 7K B Y
Tl fie,  FLREAE 19 257 1 A oy P PR 4 e it K
BT, LI RS AT B 8 15 et i B o, DL
SE QAT AR B

1 MRIE

FHEARIR A 22 AN A PR UK BB REAE S 1) 22 1)
REZK BN R H 11 {5 22 D e /K BN PRAS 2 f] 510 2 AN B
JUNANTFEPEFUKEIIN T2 75 255 FE H— R AT
eI, S ER AT SRR, AN
SRR K BRI R DLTESR B A 1 dme 2 2 I
IR ENRRE AT A A 2 e 22 BOK EIHR AN T3 45 AT
BOKEHRANTTE

% BUKEMIR N5 2 BUK BN J5 1502 5 R
IKEME 2 B 7wk, & BUKEME S
F H &« H A2 D REK ENEOR RHER ] 2 Bk
EMR A 515 » VI 2 2 BUK EIMIR AN D5 1223 4 A 24K
B[ 5V AN AR el /K BN 532 3% — T3 i a] LUR ] 25 35
BLFAE VAR LS 7s L ipeds, 55— Jsmin]
A AR #0357 BN SRR BAT LA K B R, K2
P HPCS B AN SCRR[TPRE KBNS B0k 3 B

E R
Journal of System Simulation

\ol. 28 No. 7
Jul., 2016

N 3 AR EUR JZ T, 55 1 BoKENME B E i
b, FEASERON s B 2 BOKEME B2, A
DCT s 28 3 BUKEME B R, HRA/NBIE .
IR ENSEHEUNT, A S R AR5 T B, B2 H SR () 7K B
5 AT L 51 2 BoK ERFR I 2 9% (5 5, b
ANt A 25 BH R A W B sl /K BN, A
T A T At R o Tk 2 N BNk B g
o2 B, — Btk N2 BUR IR/ Nk 5158, LA
SEIEHKENThRE; Bk A2 BB DCT A&
el b A R, LSEELE ORI H . 522
F, Ak a5 NCIE G DCT S8 i\ &bk
TKEB LRI AL, 7 /)N B 3k A 8k A e 55 7K B ELSIEER
GLOE AV o AT A0 /N AR B 3R PRI ATUR s A3
53 3 R AN KB, 53 9] SE 3068 H /K B B Jifa 59 7K B
g0, A7 SCHRTE VQ 45(Vector Quantization) itk
ANIKEDCLSEIR 2 DhRe )i sk o W SCHR[11]32 H T %
T VQ HIARKIRAMESS 7K ENFI B HIK B ) 2
DIRe/KEN . R a1 N, FIHAREER
SRR S E, Wi EETT 2, A —1KE],
H 2 BN B 2 JG K ENZR 5 AR AR T R, (R AT
K RFE S HOEN AR e, INIATAG 127K ED HAA 1R
SR B AR5 2 N, FIHRIIZRERIRA
T AKEL, SKEVR G IR AR AL AR T S
HR I K BN JRUaa /K B = A 22 5, AT AR TG 55 12k

FLBOK EHR ATV A2 4R RN — BoK B, Ji i
AR 7K B ORI 7 2 S B 22 Dy RE K BN IR 245K
FHEE 22 BOK ENJTV2:, IR 2R T7 55 S AN R K B S
SED, oA AR KEDAN A WA, (HAEHOR B
Bhig k. SCHR[41RA Curvelet X EGRE T 2 )20
it UG R SRR J 23 (R W A (LA A 7K ER 7471,
44 HVS, i BN TR RN B SN
FREP AZITVEREA R AR N 2 B & 1 5 Bk
BN B BEK, ARAASE FH I A5 (G e A s A 0k
I B o CHR[12-13]4H 4% F | SCS(Scalar Costa
Scheme) 7K Bl A S 43 1) SIEEIL T 68 /K BRI fif
§97KEN, 52 F, SCS ik A SIS i) LUSEEL H kAN —
BoKEL, R PRIAS R K ERER I 775, [RIINF SIZER

http: // www.china-simulation.com

* 1616«

https://dc-china-simulation.researchcommons.org/journal/vol28/iss7/18



Jin et al.: Multipurpose Image Watermarking Algorithm for Progressive Transmi

5528 BER T )

2016 477 11 SBIRK, A5 T A e 1) B R 22 D BE K BN ST

EEKENREESS K ED . {H SCS ik LL&E &
HVS B DUEE i K B ) S F 1

ARSCWGAE N — 45 P4 b P B K B RN 1)
2 DyRe/K BNV, e AR R DU TR , e A2 1 ] A
LRI, RILE M AL i b, Rl
BT Fe A7 A ok e % DO R BRI 7K B

2 TH FIHTREAE B 2 ThREK ENSE

F AR 19 2% EAR SR SR #R ) JPEG s
a4, EARECHT I B s A bt JPEG2000 7E1F 2 FF
P LT JPEG, (HIEA NI ARAG 2 Z N
DR AR ST KT JPEG s 447 1) e [T i) D9 265 7 33 A% i 1)
Z INREKENEE, R s 44 IPEG UG Zibr i o

2.1 JPEG B& E45dminiruE

JPEG 2B M5 & 5 41 (Joint Picture Expert
Group) () 9 3L 45 5, 2 [ B s AE 4K 41 21 (1SO) #
CCITT T~ Etth4 90 AFEARHIIBE A il 1 s U 1
R T N R L EC K R RPN IR SE 7
A5 T bR S A AR i 1(a) o, il
Tk B R #E, W 1(b) s .

i

& [Giers| [Fmaers] [oct] (ool [ 4

G a7 ) [ Ak +£w»m%M+§
(a) JPEG il BeiiFe

JED

G [ocnnin] o | [PRDCT] [H6MH | [Bita ] &

§+mm@awgw+@ﬁﬁ*ﬁwg,%%ﬁ*%

(b) JPEG 5 a5 i fE
Kl 1 JPEG gafiittidasinfe

HEAS JPEG g i AR AT e 2O A 2
Jei > S 4R 2 BT AR %% DCT R Akt HES . JPEG
PRvEE SCHF P MRS 7 e — A2 F 0 2 B 1)
“zigzag” 7 A, WK 2 P

5 LIPS0 R S R2 A b | R VAW B4
WehAE L, SR N — M RO B R 8. 1
AU, AT 100 4N 8x8 I B, 1=0,2,---99 5
) 5 e 45 B (0, ) & &%k A ={By(0,0),

\Vol. 28 No. 7
Jul., 2016

B,(0,0),---, By (0,0)} , HAGWEE(O, P E M HRE A
A, RUCKEHE. TESRHIE, RSN AT
LUE13 JPEG 4 A i D fe . TATHIZKED
SRR S R F X Rl JPEG #idt 45 o

I |z Az | A7 |
f, ,/3//4H
NANNANAN 4]
NNANAANAN |
NNANANNANAN ]
41 491 41 4|

Kl 2 Zigzag FAFEI )7

2.2 IKENHE LR G

Wik 3 pros, FATTIR K VSRR R AR AR RS
I3 3 AR, 3K BV e RN PR 98
AT EIHR A o FRATT AR 7 B 5 B SO AT 6 faf £ AR

K
121 > ;ﬁ% LR

s 5.5 |
A 2E

IPERDCTAZ | C | RN | C oy sl - TRAIKED
Ed R K [ PR v 7

K3 KETR AL R

2.3 ZKEIAE R

AT AR KBS BAEBE LA S, T2 H
% B 5 HRFILAE B AR A 2 B, SohRan
BN A R AR IE T B R, R Al B AT A
FEM LGS &L, el 4 B s tn] DU 5 20k
PR R DK, 4] 5 TR o A3 2IRFE TS
e RIE g By 515 FE R BOE — N
K, DLIREPIE  BEA LR, BEALE AL %7 5115 21
IRZIKENRA1 W

http: // www.china-simulation.com

* 1617 «

Published by Journal of System Simulation, 2016



Journal of System Simulation, Vol. 28 [2016], Iss. 7, Art. 18

%28 55 T
2016 4 7 J

(@) =K
Ha AYBE

(b) #iim &

A HE 2000
065308 Z # 7t

& ¥ T BATEE A K 2

2111000721011

)
- = 49302826
£2ooguealiey A% A
5 A oa £ & A || x| ¥ B
Sl No Merehandise's nit | Quantity = e G B3R LI
M 4419] 4
#3
3
#R
j\‘&N A W & it Total Aot 4959 1.
- ol ‘ﬁ“ng) # 7@t ]/ 3{,)4& WA Fa T #
S T 3 12 FEA: B
o e 1S IRsh Zuf ok M o6

(@) K
%
A il
18 B E1ERER LN ES

449 4.

L

A959 45
(o) FriiE+HE
K5 KREHIK

2.4 SUESE N SERE T

N R P8 0 25 B BURR R B 2 AN —FE 11,
HVS(Human Vision System)#f &M 4 A HE %
AR 1) R S0 I PR DX 3 (J SC PR A i e DX k) 11
Nt e AN UK, SXoF S DX 1) W 7 AN RBURK 4l LR
FATT T 2 ER A P SR S SRR
FIBREE I, mlrm s s B KR H R AN K BN

1 YB, W ER Y 4357 H DCT A Hdgi i 4 i
A~ block. 4 JPEG G iy 2 ¢, 2 [a) frt A% 6 K1 4y
e DCT 22 #ef M5, YB; (0,0) ARE AL YB, 1173

E R
Journal of System Simulation

\ol. 28 No. 7
Jul., 2016

SEIE, AL ORI Dy e 8 X DR AT 3
YB; (0,0) fE AR YB, mse MBI &, B S, (i) =
YB;(0,0) . TfTLCHLGRAENI A LA DCT i (1) it
RECKRITLLE &, FATESE X H Qo
S, (XH 2= E A RK):
S, (i) =|YB;(0,2)| + 3|YB; (1,1)| +
IYB; (2,0)| +|YB; (2,2)|

2.5 KEFHRA

N T A4 IPEG IR gibrdE, ok T RERE X IPEG
F G DR K BN, FRATIAE JPEG FR4i (1) 28 DY 20 &
TG HR AN KED o FRATTIE R ] L/ oh S — A
block ISR S, s nRfE S, LAMEHR S R
IKERRER A &, 2R RKEN e AT
PRAFAS I, H B A KA 1A ok 2 b e RE A U
BEUKET, JATHREKENE B A % DCT B
AR E T A T SER R E R, BAMES T —
fER QIMILK L N Sfems, 133 T —Fh =245 QIM
BRIV, TR LS 1.
B 1 =& QIM
BN BAREEE ¢ h—BE(BUE VG A 2l
nf[-128,127]), M HEHIFRAR N, PO SAL,
KEME R w, kA d, FHEREMNSE q.
it MAZKENE .
JUREH
i d It
if w=1,
if w=0,
gyl
C =CoC-+-Cq-1C4010---0
ATi B, M58 i 4> Block, ‘& 1% p /4~ (14 zigzag
My HES ) R ECN o(p, 1), IRARLRE HIHE 2 fifiid .
ESE 1 TR ERESH o, BNSHRREKE
R ERIANTT I, = g ), Shth, H
AIREIIA K BRI AN T M. Sk 2 hifq 2EikE 2
AN 7, Bl gy 0 243K 2 ARSI, LAY N

T =CoG-++Cq1110---0

http: // www.china-simulation.com

* 1618«

https://dc-china-simulation.researchcommons.org/journal/vol28/iss7/18



Jin et al.: Multipurpose Image Watermarking Algorithm for Progressive Transmi

528 55 T
2016 £ 7 1

IKEHR AR A5, R [RIRE AT BEA DR 7K BN R AN m]
P, T8RP A (I 5 A K B AN T LA 7K
BV R AU

Bk 2. KEHRA

N JRIAER N 7 DCT R (EAL S 1),
A~ block [HISHRIE S, AlmsEmt g S, » LLAIKE!
HE W={w;}, FHERENSH q, BH 7 M7 .

e RN KBS 1 S

stepl. j=0

step2. B FALBIEE—AN B, 2 d, =(S,()> 1)
EHEE LK wi ik A% c(0,i), #5d, NE, j=j+1;
Ad, = (S,3)>7,) » BHIEE L w AT c4)),
1 d o NE, =i+

step3. AT JPEG F 4 1) ) 832280 R (3= B2 05 4
i), 33 AKENS ) JPEG B4 .

2.6 JKEN$REN S

MG JPEG Wik i i Bk, W 45 B S 4
BRI 2T block IARARE, Miales—
block %5 5 &% (1% zigzag ), 5t LLEREL
FIRTIKEN T o IR, FFEr AR SCH H 10 10 ) H0E
R . K EDFREUE LA 59 3 Hid

¥k 3 JKENGRE S AW

BN: FRRIEE T 15y Ee DCT 2R3 A K
BN 2245 g, A BOKETIN 2025 5 K

Bt s $ET=co0---Cq1010---0 HUAI/KEIW
RO J LA S e 4 I S5 SR

stepl. j=0

step2. JFALERAE—N B, KA — AR
c(0, )5 g+l £ bit, #{HN 0, WIRIRIZREK
FIAKED, 50 1, W4 W, 25 7% /505 g
7 bit, j=j+1: Hed, [FREMINER AR 4 DR
c(4,i)o ZAFEIHREUKKEIW S

step3. FIH L— 2 RMW RI#H K, #4T
3.3.3 WKENA IR AR, T LA B EG G RRAE
T F o IR 2 e g #dis , 7R A JPEG
R RIER T, HIRFER 7k, #3501 EE T ks

SRR, A T T AR FR 2 D K BN I

\Vol. 28 No. 7
Jul., 2016

EFARF .

step4. LLECF FIF , R F 246l EH, 5 F
SEAME, SEIERG T AEHKE W, k&G
Wik oy e E () Bk, TETEHERAIREUKED; W F R
F 2 ISAT R 25, SRR T S4a7KE W,
BV T B AR A s iR F ORI F AL,
HAE SR I A A A B S i 22 00, Ul B R e s
B RIS AR ZE A IR 7 58 A T % R B U A
ETHTHE RS Y] K AL, 530025
FLGEE R, IXFER IR T /KBNS R AL B, [ I
W H TR s AT A RT3 K, A4
AZEUZR IR .

TESD 3 1) step 4, FATTER], ATIEIL
RE A% S PO E A I ) 2 D Re K B, HLARA T
JPEG Wik &fnbrite; BITEM 4 L4 FE, 1Y
P B> B AR EL, At ol USRS A B, 2
ARHPRAUAE, DR R ESE R, A,
I VAR S DA

TEHEA KBV NSRRI R, F 20T 3
MNSH q e Flg o I KRR, FRATIEHL
q M5, 7 Flg 250k 35 F1 45, XA H R
B AT BT IR o J5 ST A (1 SIE 56 45 R AR
XS HE -

2.7 BBESER

FRATTA T R I SE R SR R UE AT FE R
HE&ZREKEMT R A7, BALEHA
SN IKEN A 4() T, 2 Sk A K E G
FEG, 45RIE 6. nLLER], kKB (b)
H@re g LA mEw, AR LR T
A0 6(0) UK EN, £ ILIE 7(a): [RIEx]
7(0) FEHURHE T Bl (i 1), 25U 7(b). 1B 7(C)
JE(@)FI(b) 72, KON 2 TR 2 B3 2 (e),
MR BRATIZE 5 7 BN 4 B T s H S
K AIEAfI, $EECR7K BN AL e H i, el
7(d) .

http: // www.china-simulation.com

*1619 «

Published by Journal of System Simulation, 2016



Journal of System Simulation, Vol. 28 [2016], Iss. 7, Art. 18

528 BH T RGN EAR Vol. 28 No. 7
2016 “F 7 H Journal of System Simulation Jul., 2016
T+ B K 2 % 20008
nr jl!CL'IJIi‘:L- 'TO“:\‘][\[(JR I'\ﬂ\m'l\frJICL L 'f;fﬁ (:"TKJT)JL .
g 4111000721011
[Py 49302826
k.. % [¥a e
Specificstion Unit 'ﬂ"’li Al .
499 4| 2
() HRAIKEN)E EIG (b) H)EE#E 3
aﬁhﬁh £ W & it Total Arioust A9 L.
% 6 Afw‘ﬂﬂ 22 5 @ R }j‘#ﬂ- }i B T o
#?A u— __“L}DSH 05&

(@ EuamEE

w mouni
AR E
2419 4.
@ MK G(b)EF%ﬁXH’WKE[J (b) & G(b)[ff':]wlﬂ% J
S “"ir“‘ B
".l ¥
Ii'n \&',,,.t"t-"l..-& =0
fj‘ -‘h 4959 42
b‘f: l Eg‘t’ —";;;ﬁ (b) A (a)$EHLIFIZKED
. o pr s

NN K8 I s s 45 R
(c) @FI(b)Z % (d) ] K A IERIN K ED

2.8 BRI EER

Z UIRE/KENSEI, BRREFIMANE (LR, BN
AEAE 22 B AR R T 10 B A AR B DR 7 B I R A
P, DUORS BRI A8 DR R o X153
AERKAETA T i AR R WL B R AL P (K8 bt
AT R B I, R T 4
L7 R TAL , LRI e iR 4 5 25 S8 R AR Ak PR

(e) (C)IBKIN &
K7 N0 ESRIBOK BN S 45 R

F—AMF, JRE LK 6(), K HREE T A
6(b) {1 A 7K B LR N 6(a), 2 i Bk 3L
S0, WL 8(a). Bz 4 1 8(a)FEHUKEN, WL 8(b).

Kl 8(a)Mi(b) PAHXS IR, Zp LR BE s 17, LA SAT

F-BOMHR A K B I AN LAk s FRAT TR F R e
Lt 472 (BER: bit error ratio) e iy &5 5 i & be b,
K FH B G A 3 4 4k 22 L PRI AG A DAy 7K B8 A4 Sk
IRA SO IR EE LR 1, R Lena 454L 3
[FEEFS PPN L 8

AR
K1 BRI
Lena Pepers Mandril

ot

Rt F B PSNR BER % PSNR BER % PSNR BER %
Watermarked image 43.25 41.78 38.57
H 7 B8k 19.62 8.2 27.21 1.2 30.56 0.85
JPEG JE4i 1 30.29 0 29.23 0 28.89 0
JPEG R4 2 25.41 0.23 25.39 0.14 25.74 0.11
T 1 30.80 0.18 29.26 0.17 29.66 0.20
=TI 2 26.71 0.92 25.23 0.97 26.31 0.86
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