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ABSTRACT: The work aims to propose a holographic watermarking algorithm for print-and-scan process in narrow color
gamut, so as to enhance the robustness of watermark against print-and-scan attacks. The ICC device profile of printer was
generated and used to convert the host image into CMYK color space, in order to obtain the narrow color gamut suitable
for the device, and the watermarks in the hologram were embedded into DWT domain of the host images. The experi-
ments showed that, after the print-and-scan process, the watermarks could be smoothly extracted by the proposed algo-
rithm with high fidelity of watermarked images. Besides, compared with the watermark embedded in RGB color space,
the proposed algorithm showed advantages in watermark robustness and host image fidelity. Compared with CMYK color
space with embedded watermark from default conversion, the proposed algorithm showed clear advantage in host image
fidelity with basically same robustness. The proposed narrow gamut algorithm can improve the consistency of color
transfer in the print-and-scan process and balance the relation between robustness and fidelity with the advantage of hol-
ogram integrity. Therefore, the proposed algorithm is conducive to the application of digital watermarking in the an-
ti-counterfeit printing.

KEY WORDS: holographic watermark; narrow color gamut; print-and-scan; device profile

: 2019-08-04
: 2018 FEHFHRAILELAFHFH LR A (18YICZHITL)
KE (1989—), &, Md, RERLKFZHIF, TZ2HAFTOAFHBLEKPHHER,



41 7 -235-
[1]
[5] [6—7]
3
ICC
ICC
1.2
» [8]
(1]
[9—10] [11] JPEG
[18]
fx.y)
2 Sxy)
1
(14 Fx)
] F(x,y)=FFT{f(x,y)exp[ j$(x, )]} (D
3 F(x,») A(x,y)
[16—17]
; p(x.y) 2
A(x,y) = \Jreal[ F(x, y)I* +imag[F (x, y)I
_ _reallF(x, )] )
o(x,y)= arctan{imag[F(x’ y)]}
real[ ] imag[ ]
2
4
h(x.y)
h(x,y) =|F(x.y)+ R(x,y)| =
|A(x, y)exp[ jo(x, »)]+ R(x, y)exp [j27wcx]|2 =
|4Cx, ) + R2 +2R, A(x, y) cos[2max — p(x, )] 3)
R(x,y) A(xny) Ro
2mox
1 |A(x.)ma=1
IR(x,y)[=1
11 B (x,9) = 0.5{1+ A(x, y)cos[2nax-p(x, )]} (4)

4
1.3

haar 1



- 236 - 2020 4

AA | AH
H
A H AV | AD
One-level v D Two-level
Y D
1 haar
Fig.1 Wavelet decomposition diagram of 1-level and 2-level haar
A H A% 3
D A 1 Eye-One iSis
AA “IT8.7-3 CMYK ISis A4 7~ 3
AH AV AD C6501
30 min 128 g
AD
2 E :
2.1
Profile E :
Maker Professional 5.0.10 Eye-One § §
iSis Photoshop E :
Matlab 2012b E 3
C6501 128 ¢ : 3
9800XL P2 3
2.2
. . 3 IT8.7-3 CMYK ISis A4
Fig.3 IT8.7-3 CMYK ISis (A4)
“Monarch” 2 64
x64 512 512 2 30 min Profile
RGB Maker Professional 5.0.10 Eye-One iSis
ICC
“Profile Size” “Large” “Perceptual
Rendering Intent”  “Paper-colored Gray” “Gamut
Mapping” “LOGO Classic” “Viewing Light Source”
4‘D50’7
3 Photoshop 2 ICC
= /> RGB
Bﬁ1h (13 EEl [
ENRI CMYK
a 4
2
Fig.2 Watermark and original host image
5
C6501 1 haar

128 g ICC D



41 7 -237 -
RGB TIFF
Photoshop 7
Peak Signal to Noise Ratio, PSNR
7 2
PSNR 18.66 dB
4
Fig.4 Developmental host image
7
Fig.7 Print-and-scan image
_ 2.4
5 ICC
Fig.5 Hologram RGB CMYK
C MY K 4 C 8 »
19
wec haar NC 071
AD
D
AD 5
MG, ) = am'(i, ) (s) .
MG j) AD Fig.8 Extracted watermark
o 0=1.0 m'(i,)) D
3
6
3.1
CMYK
RGB
RGB CMYK
9
sRGB
6 Japan
Fig.6 Watermarked image p
Color 2001 Coated CMYK
ICC
2.3 9 sRGB
C6501 Japan Color 2001 Coated
128 g

9800XL 300 ppi sRGB



-238 - 2020 4

3.2
2
R 03 CMYK C
Japan Color 2001 Coated CMYK C
ICC
PSNR
9 1
Fig.9 Color gamut PSNR
PSNR
ICC 23%

Normalized Coefficient NC

10 NC 2
10
Fig.10 Locally enlarged image
1 PSNR
Tab.1 Test result of PSNR value of watermarked images in different color space
PNSR/dB
CMYK ICC Japan CMYK 2
sRGB
Color 2001 Coated ICC
15.8539 15.5958 20.3405
Lena
15.7845 16.0596 20.1728
16.1388 15.7075 18.6598
Monarch
14.3284 16.1581 19.0244
15.5264 15.8803 19.5494
2 NC
Tab.2 Test result of NC value of watermarks in different color space
NC
CMYK ICC CMYK 1
sRGB
Japan Color 2001 Coated 1CC
0.6341 0.7194 0.7246
Lena
0.7523 0.8410 0.7935
0.6789 0.7037 0.7126
Monarch
0.7509 0.8502 0.8723

0.7041 0.7786 0.7758
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Fig.11 Extracted watermark from print-and-scan
image in narrow color gamut
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