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Abstract

Intellectual property rights are gathering strength theses days. Because digital contents are easily reproduced and
distributed by advanced computers and networks. Digital watermarking is one of the best solutions for this problem.
Generally, frequency-domain watermarking algorithms are preferred since they are more robust than spatial-domain
algorithms. However, coefficients in the frequency domain are floating-point numbers. Thus, it is not easy to manipulate
those floating-point coefficients and frequency-domain watermarking algorithms have some limitations in their applications.
In order to overcome this difficulty, we employ an integer transform in this paper. In addition, our proposed algorithm can
extract the watermark from both the spatial and frequency domains. We embed the watermark into a specific bit-plane of
mid-frequency coefficients. This is equivalent to the differential energy watermarking (DEW) in the spatial domain. Our
simulation results show that the proposed algorithm is imperceptible, good for the watermark payload, and robustness
against various attacks. Moreover, it is more efficient than any other algorithm working in only one domain.
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2. DEW(differential energy watermarking)

¥ dolXe 2y FAoRREH ARFL G Aol
7} 7V ZobA dEwta Al A3 Y ATE
ARsA. o] AeXe 4 AF F HAHwa A9
o 7V At e AsE e

9% DEW ¢1g&< Hde HH“VJ"’W A&st
T B9 AquA o] H&g Al kst A
Gl wHg nFm BEo g st AYH
=

B2 AUAAE TANA RS A

o
rlr

|[E(A4)-E(B)I<T—0 9

|E(A4) - (10)

A @ 4 Q0NAAY T dde) A gte) A
o] olgd AETIaE AP 44 Ase A
of e B QA Wk 4 ADF 2o s
JEva) AES e,

EB)=T—-1

1000 1111
0000 1111
6x1631 5000 [P0 1111
0000 1111
0010 1-1-11
0000 1-1-11
X186\ 5600 [P0% 1 -1-11
0000 1-1-11
1D
0000 1 1 1 1
T EE
0000 101 1 1
0000 1-1-1 1
0000 1 1 1-1
X168 5010 8% 21 1 1 -1
0000 1-1 -1 1
A (119 AddM ®BFol (11DS AU A 7y

AFSoA od 9ix\e) A% Fre
o A% e Zaste AL L & Atk o2 o] 43}
A% HH4AN DEW 2ng5g 348 4 ok
1LDE A 37}14 Aol s 27+ GQlA
o] Frtste HE o
olgt @, 94
3edo) o) 3t
Hu gesta
Z @ 499 ol
A 2= ARA
e Hgo| 7Hsaiet

F718ha o) A
VAR o 2=

2 o U 40 18 B

N N oof

HEs 0|8 CXE olojx A0

@anels ng 9

DEW &1gFe] £& 4%& W7l sdiMe TR
O JE Al o]&d F J99 YA gol FA
sjoF et Al Ag F AEuka A}lel Heg & Al

e Aus] A5 2 A%l dhal 4 BN T
o] oA gro] Aeht FALE A B DEWS) &

34E& AART. o8 H3 849
F 9449 oA a7} 10 olshel
AstE v)g AT

49 Qael ol
A$7 AANA A

£ 2 M AH=ol tist DEWe| oy
Table 2. DEW Stability of 3 Coefficients.
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Table 3. PSNR of Watermarked Images.

AB AN PSNR (dB)

(512x512) §=1 §=2 §=3
Airplane 51.23 45.19 39.14
Baboon 51.15 45.13 39.13
Bacteria 51.20 45.19 39.17

Blood 51.19 45.18 39.16
Lena 51.22 45.21 39.17
Peppers 51.23 45.16 39.16
Sailboat 51.21 4517 37.14
Tiffany 51.18 45,19 39.17
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Table 4. Robustness against Noise Addition.

&8 3y
(512x512)

§=2
3%

1% 5% (1% 5% (1%

74.70
57.39
78.32

51.29
50.51
51.13

90.61
70.47
96.34

72.57
61.14
71.65

61.65
55.29
61.19

97.98
85.37
100

Airplane
Baboon
Bacteria

Blood 78.72 52.12195.78|73.34|61.99/99.93

Lena 73.15 52.16190.94[72.41161.61|98.25

Peppers | 68.68 52.0588.78(72.36|62.43]98.33

Sailboat  |63.45 50.95|81.94|67.66|59.60|95.56

Tiffany  |72.28 50.6383.88/68.69|57.96{97.13

B2 70.84 51.36]87.34[69.9860.22|96.57
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Fig. 7. Watermarked Image(T), Noisy Watermarked
Image(M), Extracted Watermark(B).
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Table 5. Robustness against Image Clipping.

125 % 25 % 50 % 7% %

Airplane 92.92 86.18 73.06 61.91
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Fig. 8 Clipped Image(T) and Extracted
Watermark(B).
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Table 6. Robustness against LPF.

A o HOE el cist HEE (%)
(512x512) 5=1 §=2 8§=3
Airplane 61.54 73.64 85.69
Baboon 50.83 55.15 64.33
Bacteria 72.12 82.08 95.99
Blood 69.09 82.84 94.72
Lena 60.96 74.89 87.10
Peppers 56.33 71.93 86.19
Sailboat 53.67 63.05 77.18
Tiffany 59.75 72.80 85.73
8o 60.54 72.05 84.62
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Watermarked Image(T), LPFed Watermarked
Image(M), Extracted Watermark(B).
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Table 7. Robustness against HPF.
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AE AA DY BHEO 8 2E28 (%)
(512x512) 8§=1 5§=2 8§=3
Airplane 74.86 87.01 94.09
Baboon 56.57 63.86 70.29
Bacteria 99.16 99.99 100
Blood 88.51 97.96 99.91
Lena 73.52 86.00 94.68
Peppers 68.88 80.61 91.14
Sailboat 63.89 74.10 82.98
Tiffany 72.25 82.20 91.94
= 74.71 83.97 90.63
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Table 8. Robustness against the JPEG.

AE AY JPEG 2AF0 st 2ES (%)
(512x512) 8§=1 8= 8§=3
Airplane 55.64 69.99 89.34
Baboon 51.15 61.73 78.57
Bacteria 53.13 67.30 87.59
Blood 58.19 67.66 89.79
Lena 55.38 69.14 89.17
Peppers 53.34 69.41 90.06
-Sailboat 51.94 66.29 87.71
Titfany 55.73 70.04 89.20
L= 54.31 67.70 87.68
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Table 9. Robustness Comparison between with DEW and
without DEW.
32 DEW 0I85lXl &8 DEW 0|2
&g88 FIt 66.32 69.98
= 85.37 87.41
Hoe mE 49.50 72.05
0 ZHY 70.96 83.97
JPEG &% 60.32 67.70
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