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Abstract

A watermarking algorithm based on the discrete wavelet transform and discrete cosine transform
was proposed. First, in order to improve the security information of watermark, color watermark
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image is binarized, and Arnold is used to scramble. Then, the carrier image was converted to the
YCbCr color space, and the Y channel was transformed by discrete wavelet transform (DWT). The
low-frequency information was divided into 8 * 8 blocks using discrete cosine transform (DCT).
Finally, the encrypted watermark is embedded into the low-frequency information of each DCT
transform block. The simulation experiment showed that the algorithm has strong robustness,
high security and good simplicity.
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1. 51§

LV, BEE TP SR ARG SR PR A e, By 5 B A4k, o & RROBUE B £k
POICNEE, By KEZ —MEONE IR ECY L WAL —, CaBONE A A F IR
By K ENSEE B B R A AT BL PR B (I R A A g Bk, ol TR AR s B ik b [ 0K
ENFE MR PESR[1], DA i N T H07 /K ENBAR S o % AR s S50k L4 1 A B A e 2]
BHURGZAZR[3]S BN 4] E B IT[S15F . T, IRAKEVEVARIBE ARG ER,  SCHR[6]
AISTHR[ 713 1 A2 2 HUR 52 A B AN B U N AR B At -, 85 5 20 B0 e ERL AR R F IRE R 1, K 7K ED
FREBARBAEE, REEEK S, SCHR[8]BTT 7 — 3L T DCT-DWT-SVD #MUKENSE, F
PRI E A7 il 3k, e BURARURIOG ST, >R FH 88 H50/ DN 2 0 A 8 AR 52 AR k) S B i o it AT %2
KA, NEEEBZ MR T RIFIT R MK EEN ST WA, ASCIRETE
YCbCr R 25 18] T, A U RS /I AL H R B HIOAR 52 AR AR 45 4 I R BOK BN BT . S ik B AL
KBRS KENSREL. JHid Matlab 5 Hsc8e R Y], S5~EGRIKENSEEMLL, IRERARIL T B i AT
T

2. IKENERHEE. SME

xR KENENE, T EWNEERGE S, By —EHEG . RN KEIRTE T Wb, )
KIS TE R %4t ASCEH Armold 28 He, AR ARG AR e (cat i), B EUR S5 2 A 1047 B AT
EEL, FHAREGEK.

Arnold ZB s LR -

X | |1 b || x,
el st
A, av by N NIEEE, mod 2R AL K%, Arnold Z8#e HA I, B2 N Cat 5k AL A
Ja, NERBREPRES . B KNARE, BHEHIREGEGERREGEA . Bk Pt E &
KAMERNZE] . B, K K/NA 512 x 512 (1 1(a)# e /K B G #6308 14 1(b) —{E K& 34T Arnold & L
A 5 BTG a0 1) A 1(d)Fras, EARRELT N1 152 K.
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(c)T=1 (d)T=52

Figure 1. Comparison before and after Arnold scrambling of watermark image

1. 7KENE1% Arnold EELBTEXTHEE

3. MaEGKENEX
3.1. YCbCr e ¥ 25 g

R M MO RGBT, O A IR R A0 AL bR R GURI T 25 1R (b e O 4252 1 7
AXEE AL R, AT, SO WK EE 23 2 RGB Al YCbCr. RGB A HAL(R). 4(G). #(B)
PR, AT AR T B AL R B, YChCr 28 A 7 1 = o4 k3R R 1, —=JtH Y (Luminance). Cb
(Chrominance-Blue)#1 Cr (Chrominance-Red)ZH i, Y RoREUEA IS BEAAREE, Tl Cb AT Cr U 43531
FORBUE I COR B R B IR E M =. ATLAEARSTH, 1% RGB BG4l YChCr =
] o AR EL AR A R

Y =0.257*R +0.564+*G +0.098*B +16
Cb=-0.148+*R -0.291*G +0.439*B +128 2
Cr=0.439*R -0.368*G —0.071*B+128

R =1.164%(Y ~16)+1.596 * (Cr -128)
G =1.164*(Y ~16)—0.392(Cb—~128)—0.813(Cr ~128) ®)
B =1.164+(Y ~16)+2.017*(Cb—128)

3.2. JKENHIER A\ SZE

N T AEKET BRI SRR G B A B & FR e, A SCIESRKS RGB 228 (M55 4y YChCr 24
], FRRKEME SRR RSB Y 0. BN SRS IRAR & 2 PR
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b3 1E35HR

Ep

#

A ABYBE| | ELLFH8XS

YCbCr DWTZE# SRDCTE

BRLLF#58X8 SEYiRE RGB%
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Figure 2. Watermark embedding and extraction process
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3.2.1. JKENEURAGERA
AL TR
1) U A512 x S12H R Bk 5 B IHRGB & 2 M H N YChCria 23], Stz
AL ) BY . Chy CrBiEsk TR, Y@,
2) XYIEIEHAT —HOWT, Bl
[ca,ch,cv,cd] = dwt2(Ycher, 'haar ') 4)

K@) F: caWRARBIERE, ch/KFREGERE, ov B REHERE, cdlmn R EUERE .

3) K—HDWTJG HILL ¥ #4178 x 8408k, X AEANFHilf47DCT.

4) PG AEKENEG, BN FE R KNG, HH ok EUR, IR N AR 32
x 32, HHATHEAERE (KB EEM.

5) FEEUERNTH R AR BEblock_dct, RN RECHE FERRNKED, 152057 1 2 20 FEnew_block_dct
F a0

®)

new_block_dct(1,1) = block_dct(1,1)+T M (i, j)=
new_block_dct(1,1) = block dct(1,1)-T M (i, j)=

KG)H, BRI FA AT WA 2 (8] (1), YT = 10.

6) FHTI REH FEnew_block_dct B AADCT ¥ i) REHEFE . X EASH IDCT 14 22 B0 B AT 30
DCT, #5325 A R £+ rirnew_LL, Fnew_LL&#e 545 I LL 77 #E 1T 0 DWT, 15 2R AJKED ) BIE .
3.2.2. FKENERAVEEEY

ARSI I

1) F N RN KED I BB, R AT KB SV RN 1) (1)~@) A B8R, 101 B R B RN
watermarked_block_dct.

2) HR#fEwatermarked_block_dctF17K B[ #x N i [Fblock_dct, #ai&kif% Image, FLMI4n R

Image = watermarked_block_dct — block_dct (6)

3) JEIL AR Imagedt I —MEH/KENEGE R, #id a5 FEOutimage, KRN :

{Outlmage =0, Image >0 ™
Outlmage =1, Image <0
4) X “{EAEFEOutimage, HIArnoldi¥iZeffe, 7355 —E/KENEIE, fEX kAT A B b5
4. SERERREITIL
4.1. EBEOEMNIRE

4.1.1. IEE{SHEEE
¢ & {7 Mk Lt (Peak Singal to Noise Ratio, PSNR) & — M4 EUE & W br#E . PSNR FITHE AW T :

PSNR =101 (2”—1f
SNR =10lg) =5 oe ®)
l H W o 2
MSE =~ Iz:l:JZ:;(X(l i)=Y (i.3)) 9)
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Hrr, F(8)H PSNR AN dB, FUEMAFR R KE#/ N, 2(9)H 1 MSE Rtk AKEDEIG X FIEk ik Kl
&Y (11357517 % (Mean Square Error), H. W 5 9 EUR RIS R0 S s n ARG R HERREL, —MAER 8.

4.1.2. JII—LHEXREH
9 —4LAH 5 2% (Normalization Correlation, NC) & i+ 5 AMA B AR E . B) NC K, 1588k (a]
AIAREE R, 25/, NC fIHE AR
Dow(i)+w )
NC = ﬁd - (10)
S 2w )
i=1 i=1
Horpr, SR(0)H w(i) R JREEAKE R w(i) ARRIRIUKENE B LIRVERKENK .
4.1.3. S EES
SERJFIALLEE ¥ H(Structural Similarity ,SSIM) 2 fiif & /K EDAS o] WAL RERIHR bR 2 — . HATH AT
(Zyi,uj -1-05)(20'ij +,B)
(yiz +,uj2 +a)((7i2 +0j2 +ﬂ)
For, RADH g, 1 7 IR B BRRNKENEGIENE, 0,0, 2 MERENNTTZE, oy orM
HHH Z. o, fbiEafh 0 A E,
4.2, SCIREER AT
NESUEFVEIYERE, SR MATLAB 2016 SR B, #iAkE G R Baboon, 1 512 x 512 [f] 24
A PPM UG, 7K ENSR A B TS KA B %R, RSEA 32 x 32 FIE 8 BMP MG T35, S256 A
Bl 3 praw, HA A 3 EEEIG, A K 3() N/KENEE.

SSIM(i, j) = (11)

(@) (b)
Figure 3. Original image and watermark image

E 3. HiFEGSKENER

KA, BROOKEEGIRABARRG, 48R WE 4@PR, ARAKETEGI2HUT KK

ENEUE W B 4(b) T .
(@)

Figure 4. Image of experimental results
B 4. ZHERER
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MK 3K 4@l FEH, KEDEAEFAT LM, ERAEMBER&ME T, RIS HEL,
X R AR B MG Y 1 ) R S i N K B HE, 35 1 PSNR {H 2074 48.1313, SSIM {2774 0.9994,
FREUH /K BN 5 R UG K BN NC {EA 1.0000, UERH T iZ5E A 2k .
5. InBE 1 EE

N TR EE RS, ASCR AR ST 720, st e . MUERRE R . VAR RS L et
PIME IR ST . & 1 RN K ED EG 2 B Fh X 5 A 45 3 .

M 1 ATLUEH, HAKENEGEZ S MEEE. S /K ED S TR 4G /K BN B i 3 — A A o R BUE
B, HEMeHs Bt s, iz EE RS RIS AT L.

Table 1. Attack test results
=1 WHEMAER

Wil PSNR NC SSIM

0.1% = e 75 29.9936 0.9830 0.8652

1% = i he 27.0379 0.8672 0.6789

0.1%# Eh Mgk 75 35.6361 0.9949 0.9839

1% Mk = 26.5407 0.8859 0.8521

MELN 2] 27.3798 0.9291 0.7908

Tt ng s 36.1574 0.9893 0.9547

BHEEB 25.0114 0.9754 0.7584
R R 255118 0.9669 0.7888

SHMEFEEELR

R T PSS IR EIE R R, K AR S R SCRR[O]F SCRR[ 10150 AT EL i . SCHR[91 A SCHR[10]
W BUR 0 G E AR G, HSCHER[9)5AE YChCr U2 [0 SEBILIK, A T /K EN 224, XK ER
EUEKEL T Arnold 284 . 7K IR S 2 IUFE IS X LU L 36 2.
Table 2. Time comparison between watermark embedding and extraction
2. IKEMIR AN SIRBUFERTTEE

CHR[9] 5% ASCHEIE
HRNFERT (5) FEEUFERS (s) HRNFER (s) FREUFERS (s)
16.2164 8.3163 9.2514 41621

M 2 T AT Y, ASSCROE K BN S SR BT F I TR) AR EE  SCRR[1018 Bk b, Bt B Sk i v 1tk
SEXME. W& LT DE R, S53CHRBIHIEAM L, HN K ENE 52 % Fdrady f5 S B 17K BN R 5 B 4k 7K
EPEMERAREL, L NC BRSO TSCHR[9], i Wi SR B A B & B Ve AN AT WA

6. &RIE

3 HH — I T B A N AR M R SR AR e AR € B OK BN o SRR 45 SRR W i VA AE 70 B DCT
EARAKER,  BA RAFHART WA XHRGTAS Ffge S Sk A R A BRI AR K IR AN S HGH AR
[ B /b
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