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Digital watermarking of encrypted in-line holography
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Abstract: A new encrypted in-line holographic watermarking technique is proposed based on double-
random phase encoding method, holography and digital watermarking. The proposed method includes
two processes of encryption and decryption. In the encryption process, a digital watermark image is
modulated by double-random phase encoding, and its in-line hologram is superposed on a content im-
age. The watermark is recovered by means of holographic reconstruction and calculations in reverse
order of encryption process without the information of the content image (blind detection). Analysis
and computer simulation prove that the encrypted holographic watermark is valid, robust and secure.
The watermark can be recovered from the watermarked images distorted by noise added, JPEG com-
pression, part occluded and low pass filter. The conditions for superposing the hologram onto the con-
tent images are also investigated in detail
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Fig. 1 Original host image and watermark applied to

simulation

e RN FHEAF B BURAUE BB —EEMR i 1
(b) 7R . K ERHR AR B R AL « (520 ~5000) 4 ik
A TKER G 0 G B 6t L B 52 G B 2 T
TIATK BN S (4 24 R TE L5 b Tk X g 1K
BT K B AS AT DL L 3 S O 1 A A R AR
%% ] R A K B S 1 G b AR A E @K BRI
DA IE B 5 i AR B MOR . A 7K B il e o
ATHEFHE BRI S, 1w o B E A
o &2 iy PSNR SR HI 2 (9) /45 e, H b
Sy ) R F Cay ) 43 32 7 O VA — 4k 9 J5 0 2 1A
FZ A A K B 1 8 B

PSNR(dB) =
1010g10 M—1 N—1 MN ’ (9)
DIV faay) — oo T

3.2 KEDRYEHEMENI

TR TN R 4 K B S R
X R B R AT T ARG 38 I JPEG A 45 4
LR 73 /1| 6 N i 7 TN <0 R W
o A FRIROK B R A SR R« =250 f
ZER IR
3.2.1 KB IR

SR T IR KB R T AR B0 8 O I fE L X
K ED R BEAT 1 5 37 I8 R L R IR 22 08 D g
P8 N=2, UL Do =50, I8 S 1A
8 LXK A2 AN AT 3 TR



134 =S R Y i 515 %

P

I
\

(a) a=0.05 PSNR=45.72 (b) @=0.10 PSNR=39.70 (¢) «=0.20 PSNR=33.68
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Fig. 2 Superposed images(upper rows) and the images reconstructed from them(lower rows) using the correct key
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Fig.3 Superposed images (upper row) through low JPEG compression and recovered images

pass filter and recovered images(low row) (low row)
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Fig. 5 Superposed images (upper row) through oc-
cluding ,scratching, adding noise and the re-

covered images(low row)
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