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AIE 7K ENIRMET X AP K .

FETE MK BRI 7K ENTE A 728 58 S 1 B 4
ERRRE RS AR T EKE RS, it
s SRR L SR R R YRR 5 RRABUK B A J
HA MM ZKEE R, RE¥ A N EKEME
BN b, BRI 3 iR, BE
3 A A R M 3 Y R — M O (R ESE
M, B HMRAN T T 5 ZERBUKE T Z 2
&, BN E K B R AR R E M (EF R,
A K VA R TR B E B & et R4
AL 2y, AFE 2R AR TR S R T G
EIBRFHESEA T2 s B B T, X AHAIE T AL E
JKENFIE K ENEE {4

B T EKEAR R TR A ZOK NS 5 B I
Z BB 2% I, B iz T O AR R AR
ot MR K A T A 4R AT S I T LK K
ENEE R 73 R 5T S8R B Y T K ENFILES T 25 Y
FOKE . BT U K B o A A DCT  DWT,
Curvelet ZZ 1 F £ 1% 43 43 7 ( principal component
analysis, PCA) ™" 252048 T FLfi P4 A 2 ] 50735 46
AR AR AR BRI AR R RS AE B, AR5 FE A
FAET SR 1 1 AR R R R R AR ZE I . G 2014
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EAME, {2 Ridgelet 72 # AR X 18 I &R (Y il
At AR, IR A Bk L 20 m EHR W 2 % A5
B HE R R aA R DWT —4%, [Fil, Ry 745 i&
PRE A L & B 2 B BRI 2R3 1E , 2011 A 2R
% N R AR B R 3E4T Contourlet B84, SR 76
[} 7 1) 65 3 430 82 R B K B A A
&, BT 55 M Contourlet (122 RUEE JRE AL J7 0]
PERYRRE , R TEFR BT R 5% B0 AR T 5 L e
FEATRIFHEE, 2012 4 Bazargani % A% 1
T T DWT, Curvelet, Contourlet 7ZF # (1) £ £& M
B, SLIg RRH], T Contourlet B /K ENEILTE
FRPTMRFE IRIE RS (A B S AR T AR
F DWT By7K Bk, 4R i % 85 ) Bl B9 HR P RE o
F, FEREE DWT FEBistk B % & K&K
175 M {55, 17 Curvelet A1 Coutourlet 15 %1 /) i {1
sreEE A M RE R EE KER, PRI, £/
EBBT VI Y, Curvelet 1 Contourlet % 2 1 {5 B E (b
DWT By K. RT3k Contourlet 5 it fiz f — 2 A
TP BRI 2 I BR R, 2017 BRI G A 4R
th Contourlet Ik IR E5 48 AL, T TR SRR
PR 3 2K B AL B, R BRI SR e 5
HEC AL 3 B EE L 28 B s F

SVR B & R HOR KBNS B A BIKEG , %k S
ALK B R HL , 15 B PE AN S A A EL AT
2.3.2  EETEBMKEE

B ARFE T TS e 10 7K B 57 PR P A
s R U AR RS BB
HHERB R 2, SPRA BB K EVE R, T
23 B 7K BN AN 75 B2 55 (1R A B B 4 B A
B, HEA A R B K B B A SRR R 1
ARET LI, I 3 (LSB) 1) i T LSB )
A BRI SR ROGR , 2 LSB R AR
KENVE BA BB/, RN 8RR 552 10 5 TR,
LSB {H & Mt 2, M, Zhang™ 21 T & T
SVD it i) 2 S BB | T8 o TRAL B8 9 7k
B B R A E B Q& FES T A A5
YIFSE) NC {81731 00002018 4 i 4 i 25 A 48
H— 23 [ K BB 3, T HE A B A, He—
BT EHATHEE B, H BRI R i B 4
Y s R 2R AR ARBR R E T aEK
B A HAE S B —AERKEN R R, HE BRI
B2 e 2019 4F Abraham F1 Pual” $2 1 55 5% B 4
(R25 Kk EVEL B , 27 K B AT 68 R I 5
AET M TREOEGAE 24 MHAEFER, Y
Hp—AEi s 8 kA U I, X TR 8k EMR
VRN, FI, I ATEE K NS BB B
R B

HRPEXT A b SCHE H S B a3 A, 25 R LR BT R
FARIH AR DL AR B g 1 FR . 4F3938 1 sha il
AYZK BB TR O A, S 7 R BUK BN 6 T T
FAH AR AL BB B4 T .

(1) NEARSE ST, KRR B 30068 DWT
Fe Fee R ARAE g A e T B, By TN AR
e BT R I B RE A SR B R R B R,
[T 455 SVD QR 3 {8 15 555 ZE 851 LA i
77 T B TR R

(2) B FH B K B BR 2E RIK R, A 17K
ENEE L RARE R K /N 64 x 64 (1) —AH BB VE R i
BER, EEHRTHRAB/NIRBUE B ASBIRE
GBI RBERR o

(3) WEHERERE , B K ENM T B /KEN
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YL B BKENEE ME S K BN L (R OK BN R
ABIKEMEEHE R, EEHTIREKERBA T
SrKERE R, LR IUE B, 7 2240 B K BN AR
B X RAERKERA B Z4L,

(4) NE R LBk E , A RS B K NS vk
HYRA % A BRI ERBORTRILBAE, e

557K BN H K ENRE BE , 855 7K BN 200 & F 5 iz
B RMERRE AL, T E KNI E F 2 o s A5 R
BRI SR, X [R] — RS B B 7K BB AR B[R] 7K
BNk, ERBESHESENNE, n—HRRER

REHRHL A A BE A iese oo (HB IR 22

&1 KEEREZESH

KA Sk SR ot e KERZER ()
otk SENE,  WENE,
_ =
[13] DWESYD s Thomere s oA ey Uk (64x64)
TR REAME, TR 8
@ik .
b 2] s etk Tt
DCT Af, Logistic  BIEMNG. Bk Srebednd
2 R s 158 —HKE ()
Amold B, Tk R N ke
a8 7k Ep [29] Logistic 1% . GeVEREBEE T JPEG R4 (56 X256
LSB B A AL TR R
Faber-Schauder .DCT, EOCENIHETR, .
[30] LSB G A4k nt —KAI(64 x64)
[33] DWT %1 SVD ﬁg;igggm TR KD (32 x32)
EKED “ HERER Y BOCERTE
[34] DCuT 1 RDWT o Y 2 TAH/KEI (64 x64)
[39] Directionlet A5 3 LA B T RE K EI (64 x 64)
SR SIFT
[44] / ﬁ;’i oL ~[KED (64 x64)
AR NSCT AF#:  SIFT Pl e
AR, N - L5y = .
[45] ol SR T A oy —(EKED(16 x 16)
[51] Contourlet A5 fijﬁ;aiﬁﬁ;?ﬁ%i; ';'4' DK LG T W
3 ey
PCA R bk LB M RSB B
FIKER Curverlet A5#e \SVD, & BN Z 24T A T
(53] s e RS {EKEI(64 x64)
FHMESRESE  HFUTRE, R
[35-56] ZHEKE  RRMEOSENE Ak UR(4x64)

i R IR

3 ® &

K BB 7 AL TE B e R Mty SR By DL
RIS, BB ERT AT T, W
ERARMRET B R BG Al LALEAG a5 Aa )
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ANEKEDAFA A A B Bt 5 & e 1 T o S 2R AR

B, MR EREAR 38 77 i Doade K B , LAk 3 Pl 7k

E BT ARG H Y

3.1 &BMRE
ERELERETHATRREFENAMTFEZ



RIS BT B BOK ERBARSHR

—, HRATK ENAR B B9 8T B A\ D BB BRI 48 T
o, B ERBUK N R B 204k, BR K BN ik a3t
TR R, 7 B TR A B S5 . IRIE TG
o AT UK B R e o =28, BIR LA B L
(EBUE TR R L
3.1.1 FRJUyHE

R B Rt B AR B AT i B B R
T HE, ZRBGE RN E SRR T, ¥
JLAGAE LA B oty 3 AL MR R O B
JPEG FR4EH Ly , R BGE R 2R N 4 Bk,

EEL I

— WA

A
g

s |

=

&
=
&
k!

FRAE IS

TR 1 W | S |

P IEBE

JPEGE4

— E4s |

4 FENMEBESE

JPEG2000

i

mE 4 BN, B - T aE 2 #AL ER
Vel , —Ahged R [F2E B K N B itk
SR A ], 5 A MR 7S s o Y R T MRS, IR R R
IR A, 3 T IR BB A LR, 3R
BERER, PRI XT 7K B 54 ¥ B B S R 5 T AR R 75
AR — BB RS, HAR SR RS 215 IRl
EMR R R, R R B H B, —
X SRR AR
3.1.2 JUn¥

JUM B 2RI K B A R B Rl 26
P, ZR B A R BB R R B R A B R KF
WEIRAKENRRCR o U B 4 AR L B X B4R
BN BE K, By T E T R R S R S Rk
TG EBR R AL B, R BUK IR, iR
THRIFIBR R A B H TR, NS S BURRUE B 18
BALHTCEERRWEE . ¥ WL EmE s
iR

HiE 5(a) AT LAE ), B DI i 40 R R AR Rk
BB E R ERNGEN 0, )8 T RIMIGEHME; 10
Bl 5(b) B, REFE BGh R ORI R B R B R
i B R A OB R e i AR P R B BY YA, B
ST B Yo K Y B SR LR AT 9 I RS T o
REGRGRBEARR LB, BEM0E
RO SEATHEAD, W0 5 (o) B ; 4R ogcd: W 2k B
BT ROR /D, I 5 (d) FTR o

(@) ByPIsds  (b) B
5 JLfABES%E

(c) 175U

(d) grmcitaty

3.1.3 #HAHE

B E BIEE R M PR F 2B 2K
RIBy T , andR LA ey + 3RSt LBk +
FEIUf sty UM B + LG S A R R A I
wro EMBGHRBER T RRERANERESZ
b, B UL, 35 B BEA RS
Yo
3.2 REWE

FORBLE I H RN T RS A se A
PR EDRIFFAE o 38 S PR/ f 7K B B 4508 S AT
AR I LA B “ W R g B 8, RN T
FX 7 A, KK N E B RS AR /N -, (4G
RIER B K BD, S B0 LU E R B BT A AL
HASBORRE G, R R R G HT0H, R
BGATERT , 7T LK &1 Bk BME B AT B Bl
WE IR R
3.3 MBRLGE

FR R FH 2K B B 58, R AR R A K B
BABREG S, IHRIE R GBI, X
T H R K BN B 5 JRUK BN AR 21K BN S ARAH
1, B AR ES S BRI BT AL, (AR LR
BETNAE SR K ERGEE B 4R FR AT 3K, DUME i
BRAK ERAN B R R B X R BGE R TR 77 208
FEAR 1 HH AN RT3 PR K BBk B R A 38 Y e A o
o [ AT DU ST — N A SRS =5 7K EREGIE AL
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), SRR IR ENE BRI BT A AL, I 7K EnB R B9
T,

4 H bR U

UTAER , B XK ENER IR AR ST, K B4R
vz o T A R Bk B - R S, 2 BT
B EBREG BT HES, BTSRRI
585 W B FEBA R, Ex R E BN A5
He MR B EOR B .

4.1 Efrdus

BT EGR F%4 R B BER X BT CT 4
G XERAEREFES REENEIRER, N
BE AR RIS W R I T SR, R EEST (R B2 2%
BB, R0 AR BRI, B an el R UE BT S
B ST M 2 e R B A MR U — T e Bk
o AT B I BT EOE O A O, R TR X
HITERA B Ik, SCER(71, 72188 H T —F
BENAEE EEEGUKEN I 2, 3 BB T 1 %5
B 7Nk 7% e (fractional wave packet transform, FR-
WPT) , K B ABBUS 2% BB b, i
AR, XMITETEILR X & Eliles R A
HB &,

4.2 ERRAUE

BB EE TN WS THAE ., BT
HAF B BUSE R i, X H AT BRI T R B %
JE B 8B I B B B PE AN SE B P, Jiang 25 NP R
T BB TR BRI B T INE R K ENER,
FIFIEZE 53 Z AR S P TR R A DCT A8 4506 7K B

7 BAR A B BUR BT AR 4, B R R SRR L

sk EBA SR &MY, Li AT B T —Fh
FF 00 50 /) 3k 28 # ( quaternion wavelet transform,
QWT) Fsk & /3 rYIE B /KBNS, QWT J7¥k Al L)
TE Ul AR B EBARAE , 1 T 038 SRR R BT L
PAGFHF B WIVE, Tong 25 A $2 4 T — 7 i
TR ER B Y B 4 K BB, SRS T
/NBEZE e Hadamard S R = S0k B F B R R A
ERE R, RIS T REFIRCR.
4.3 HERRAE

W B PR AN BB i Je R 25, b I 1% b7 Y 4 R
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BORBRTZ . Flan, AR A b E 2R
T M P SR R e R B, TR AR
H—dBA R LB T AR R, NI T R &
M RRAL PR P 2B I IR B B I PR A 2 1
SCHRLTS 142 7 —Fh B n] 380 08 b 88 e S f) — 48
[ B I AT WK ENRLYE , B B S B DU A AR A F AR
PERAERG REZR Bt ol LU AK BRI B, 8 A AT
O BERE 3 2K B R A B H AR X AR AR AT
BRESHAR . R AKEN G BB e AR (5 B 5 R GE B
—H

5 HREAFRERKMAE

R %t B D58 R B9 A, BEE T iR AT
T 4 )R oA A 5 e T ks B PR K o

(1) 2T R ORI BRI 7K BN L

BRI B 1y 5K BN 12 i 58 P ) RS R R AT
h AR AR, BARAE FI T B R B SR A, (H 2
B BB B AR E KR R0 IR i 2 1 S8, 2
Xt T2 AR PR IR BB TR SR AR (2 Pl (e P A SR AR
K, FBCRR Y Logo VRN RRBUKED, X F R
PRECRER— T IR B PR o

(2) E A A T & RERIKENR

PR ENER & e 24 AR R ER M Bk ATI AR
LG TT A T H ST BB AR B AT BRI, R
T HEE E SR AT B 28 583, A8 40 10 B o 8 77 1%
Xt FEA BT 75 2O DLBIE AR B & A
W . RN, AR, A TR AR IR E 5 S BORTE
R AL P E BA R 05, il i TR ) 45
ARz YN SE WA Bk 75 3K, SR Ja % 32 Bk Ja 1 2%
PREMRBEAT B, S B BEZK ERHR A (B AN |
AR REsK ERSR I, Xt TR B e il B A R K
YEH.

(3) UL B HIKEN R L

By KN R Z B AR 2 — LR SR UE RS B Y
i R R RZME T8 B FEN] M, X
FOKENH LB 8D, R, RAREFKEIEA
SR EARM L & BRI A U TR
P ZE 7 8
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(4) BARLAYKEPE L

o 5 A M A R M — B K EN B R AN
BAEIR, R TR & UG RS ARG, 2K BN A
FHRBGT B, T EARE Z R BB TR,
ZREIATARIRR G A, REE = RO A P R i
BRI R, B, 78 50T B R OK D B AR A A
GPU (3047 155 4 BB A 42 1o ik AR ER BBOUK EP 119
A IR

6 % i

AR, B AR BB RS AR Al 32 BT
5, JUHAE T R G SR, R SRR
% e R ATE RO R L — ACER
[l S8R 4807 T ) 7K BN BT ST BLAR AT T 4
HLPR, B THFRBKEEENRFESAL,
FI2E T UMK EN T U5 2K, IF R T BB i k. X
I T /N AR B A R R, B8 T & MUK
AR, SEHE S S 1K ED i J B
Pk d o X ONJE SERIBE IR T E B S H ik 3,
X BB A G B AR ) 2 Je b B — 2 A S 1
M.
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Survey of digital image watermarking technology
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Abstract
With the rapid development of digital information technology, digital image information is widely used in com-
munication and information representation, but such information is often subject to illegal tampering. Therefore, how
to ensure that the copyright of digital images isn’ t destroyed is a problem that has been faced in the field of digital
information. As a copyright protection technology, digital watermark can solve the problem of copyright disputes of
images to a certain extent. For this reason, the research on digital image technology is of great significance. This
paper systematically summarizes the achievements made by scholars at home and abroad in this research field in re-
cent years. First, the basic model, basic characteristics and measurement indicators of image watermarking are giv-
en. Then, the characteristics of existing image watermarking algorithms are analyzed. This paper classifies and in-
troduces the application of watermarking technology in other fields. Next, based on the resisiance behavior of water-
marking algorithms, it summarizes the robust attacks that can be effectively resisted by existing watermarking algo-
rithms. Finally, according to the advantages and disadvantages of existing watermarking techniques, future develop-
ment trends and the direction that can be studied next are proposed.
Key words: digital watermarking overview, copyright protection, robusiness, blind watermark, zero water-

mark
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