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Fig. 1. Optical watermark generation and embedding process.
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Fig. 2. Optical watermark extraction process.
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Fig. 3. Pixel-free expansion visual cryptography encoding

scheme.
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Fig. 4. Simulation result diagram: (a) Original image; (b) watermark image; (c) color host image; (d) phase information; (e) color

images with watermarks; (f) reproduced image; (g) overlay image; (h) extracted watermark image; (i) extracted original image.
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Fig. 5. Overlay results of any two reproduced images: (a) Overlay of the first reproduced image and the second reproduced image;

(b) overlay the first reproduced image with the third reproduced image; (c) overlay of the second and third reproduced images.
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Fig. 6. Attack experiment results: (a)—(c) Gaussian noise, salt and pepper noise, uniform noise; (d)—(h) rotation, motion blur, Gaus-

sian low-pass filtering, cropping, JPEG compression.
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Fig. 7. Relationship between PSNR of each component and

attenuation coefficient.
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Fig. 8. Comparison between different host images and watermarked images: (a)-(c) “flower” host image, “fruit” host image,

“panda” host image; (d)-(f) “flower” color watermarked image, “fruit” color watermarked image, “panda” color watermarked im-

age.
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Table 1.  PSNR of different host images.
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10 50.3872 50.4446 50.2862

Iy 50.4001 50.4066 50.3794
5 & i

ARSI T —METREAY RAEE M
ez RO NETKED, DT HAREM, ZOKEN RS A

A RAFAMESSPE, 255 7K BTG I A DL L
FTCT IR, AR TCEE BRI TEAR 0 S A6 R, X8
AR PRI DRIk R P SR A PRI L S DA e
P, JFHABEAY RALE & i ol LU 15 ERERR
/NS IKEREUG I IMATA, I T A2 i A v BT I AR
AR 2657 58 LA At s ). BHR R AN AN e 2 A
R A2 R0 A5 45 X 7K B RS A Ak PHAS 3 ]
THRABIAOLAE R, BOEr 75 At — 25w 7K
EPIEIR A 2 k. [RIIE, AR SCHr K EnJr ki A
LAY AN AT SR, A5 7K BN RO 5 i 560
2O X B R AR SR AR T
A 5 R S TR, DAER IS A B N FH A Rk
&, PR T Mess K BRI S HAT 2 27
ARE, i Had BA—7E f9 A,

S 30k

1] Thanki R 2021 Int. J. Digit. Crime Fourensics 13 35

2] Zhang F Y 2014 M. S. Thesis (Chengdu: Southwest Jiaotong
University) (in Chinese) [fkX3& 2014 Afi+-2#07 8 3C (K#B: P4
[EESEPNET)

[3] Shen J Q 2019 M. S. Thesis (Wuhan: Huazhong University of
Science and Technology) (in Chinese) [PhaEE 2019 Al 2440
W (RIL: ARRHORE)]

[4] Zhou X L, Zhu Y P, Yang D Y, Zhang J H, Lu Z, Wang H
Y, Dong Z, Ke C J, Shi Y S 2021 Acta Phys. Sin. 70 244201
(in Chinese) [A#TFE, BLEMG, BART, SRR, S99, 43K,
I, TR, DR 2021 BIBEAAR 70 244201)

5] Yang Y Z 2023 M. S. Thesis (Jingzhou: Yangtze University)

134202-7


https://doi.org/10.4018/IJDCF.2021030103
https://doi.org/10.4018/IJDCF.2021030103
https://doi.org/10.4018/IJDCF.2021030103
https://doi.org/10.4018/IJDCF.2021030103
https://doi.org/10.4018/IJDCF.2021030103
https://doi.org/10.4018/IJDCF.2021030103
https://doi.org/10.4018/IJDCF.2021030103
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10613-1014254527.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://cdmd.cnki.com.cn/Article/CDMD-10487-1018802004.htm
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
https://doi.org/10.7498/aps.70.20210964
http://dx.doi.org/10.26981/d.cnki.gjhsc.2022.000278
http://dx.doi.org/10.26981/d.cnki.gjhsc.2022.000278
http://dx.doi.org/10.26981/d.cnki.gjhsc.2022.000278
http://dx.doi.org/10.26981/d.cnki.gjhsc.2022.000278
http://dx.doi.org/10.26981/d.cnki.gjhsc.2022.000278
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 13 (2024)

134202

(6]
(7]

(8]

(in Chinese) [#HE% 2023 i+ 1830 GRIMN: KITR2)]
Chen Z Y 2013 Signal Process. Image Commun. 28 301

Gong X H 2019 M. S. Thesis (Beijing: Beijing University of
Posts and Telecommunications) (in Chinese) [2BE 2 2019 fill
F2RSC (bt JLstHE L))

Yu B, Fu Z X, Shen G, Fang L G 2014 Visual Cryptography
(Hefei: University of Science and Technology of China Press)
pp2-3 (in Chinese) [, fTIEK, JERI, BrALE 2014 P4 %
(G HE: spEBEEHAA ML) 45 2—3 1]

Naor M, Shamir M 1994 Lect. Notes Comput. Sci. 950 1

Zhao Y K 2023 Ph. D. Dissertation (Tianjin: Nankai
University) (in Chinese) [B47KFE 2023 [~ 30 (K W
FFR)]

Blundo C, Bonis A D, Santis A D 2001 Designs Codes
Cryptogr. 24 255

Blundo C, Santis A D, Naor M 2000 Inf. Proc. Lett. 75 255
Lin C C, Tsai W H 2003 Pattern Recognit. Lett. 24 349

Hou Y C 2003 Pattern Recognit. 36 1619

Yamamoto H, Hayasaki Y, Nishida N 2004 Opt. Ezpress 12
1258

(16]
(17]
(18]
(19]
(20]
21]
(22]
(23]

(24]

[25]
(26]

134202-8

Machizaud J, Fournel T 2012 Opt. Express 20 22847

Yu T, Yang D Y, Ma R, Shi Y S 2020 Acta Phys. Sin 69
144202 (in Chinese) [T48, H#5T, D8, LHFF 2020 YRiE
i 69 144202]

Ateniese G, Blundo C, Santis A D, Stinson D R 2001 Theor.
Coumpt. Sci. 250 143

Shyu S J 2007 Pattern. Recogn. 40 1014

Shyu S J 2009 Pattern. Recogn. 42 1582

Wang H J, Ma D H, Zhang E Q, Zhao T F 2018 Eng. J.
Wuhan Univ. 51 1123 (in Chinese) [FULHE, D&, jk B45,
B 2018 WK (T4M) 51 1123]

Hu H, Yu B, Shen G 2015 Comput. Sci. 42 103 (in Chinese)
[B3s, ARE, YLD 2015 $HELHLRNY: 42 103)

Gerchberg R W, Saxton W O 1972 Optik 35 237

Zhang H X 2021 M. S. Thesis (Hangzhou: Zhejiang
University) (in Chinese) [fKESH 2021 Si+-2# R85 (BN : ¥
TLRE)]

Shi Y S, Yang X B 2017 J. Opt. 19 115703

ShiY S, Yang X B 2017 Chin. Phys. Lett. 34 114204


http://dx.doi.org/10.26981/d.cnki.gjhsc.2022.000278
http://dx.doi.org/10.26981/d.cnki.gjhsc.2022.000278
http://dx.doi.org/10.26981/d.cnki.gjhsc.2022.000278
http://dx.doi.org/10.26981/d.cnki.gjhsc.2022.000278
http://dx.doi.org/10.26981/d.cnki.gjhsc.2022.000278
http://dx.doi.org/10.26981/d.cnki.gjhsc.2022.000278
http://dx.doi.org/10.26981/d.cnki.gjhsc.2022.000278
https://doi.org/10.1016/j.image.2012.12.003
https://doi.org/10.1016/j.image.2012.12.003
https://doi.org/10.1016/j.image.2012.12.003
https://doi.org/10.1016/j.image.2012.12.003
https://doi.org/10.1016/j.image.2012.12.003
https://doi.org/10.1016/j.image.2012.12.003
https://doi.org/10.1016/j.image.2012.12.003
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://cdmd.cnki.com.cn/Article/CDMD-10013-1019113239.htm
https://doi.org/10.1007/0-387-30038-4_259
https://doi.org/10.1007/0-387-30038-4_259
https://doi.org/10.1007/0-387-30038-4_259
https://doi.org/10.1007/0-387-30038-4_259
https://doi.org/10.1007/0-387-30038-4_259
https://doi.org/10.1007/0-387-30038-4_259
https://doi.org/10.1007/0-387-30038-4_259
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
http://dx.doi.org/10.27254/d.cnki.gnkau.2022.000211
https://doi.org/10.1023/A:1011271120274
https://doi.org/10.1023/A:1011271120274
https://doi.org/10.1023/A:1011271120274
https://doi.org/10.1023/A:1011271120274
https://doi.org/10.1023/A:1011271120274
https://doi.org/10.1023/A:1011271120274
https://doi.org/10.1023/A:1011271120274
https://doi.org/10.1023/A:1011271120274
https://doi.org/10.1016/S0020-0190(00)00108-3
https://doi.org/10.1016/S0020-0190(00)00108-3
https://doi.org/10.1016/S0020-0190(00)00108-3
https://doi.org/10.1016/S0020-0190(00)00108-3
https://doi.org/10.1016/S0020-0190(00)00108-3
https://doi.org/10.1016/S0020-0190(00)00108-3
https://doi.org/10.1016/S0020-0190(00)00108-3
https://doi.org/10.1016/S0167-8655(02)00259-3
https://doi.org/10.1016/S0167-8655(02)00259-3
https://doi.org/10.1016/S0167-8655(02)00259-3
https://doi.org/10.1016/S0167-8655(02)00259-3
https://doi.org/10.1016/S0167-8655(02)00259-3
https://doi.org/10.1016/S0167-8655(02)00259-3
https://doi.org/10.1016/S0167-8655(02)00259-3
https://doi.org/10.1016/S0031-3203(02)00258-3
https://doi.org/10.1016/S0031-3203(02)00258-3
https://doi.org/10.1016/S0031-3203(02)00258-3
https://doi.org/10.1016/S0031-3203(02)00258-3
https://doi.org/10.1016/S0031-3203(02)00258-3
https://doi.org/10.1016/S0031-3203(02)00258-3
https://doi.org/10.1016/S0031-3203(02)00258-3
https://doi.org/10.1364/OPEX.12.001258
https://doi.org/10.1364/OPEX.12.001258
https://doi.org/10.1364/OPEX.12.001258
https://doi.org/10.1364/OPEX.12.001258
https://doi.org/10.1364/OPEX.12.001258
https://doi.org/10.1364/OPEX.12.001258
https://doi.org/10.1364/OE.20.022847
https://doi.org/10.1364/OE.20.022847
https://doi.org/10.1364/OE.20.022847
https://doi.org/10.1364/OE.20.022847
https://doi.org/10.1364/OE.20.022847
https://doi.org/10.1364/OE.20.022847
https://doi.org/10.1364/OE.20.022847
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.7498/aps.69.20200496
https://doi.org/10.1016/S0304-3975(99)00127-9
https://doi.org/10.1016/S0304-3975(99)00127-9
https://doi.org/10.1016/S0304-3975(99)00127-9
https://doi.org/10.1016/S0304-3975(99)00127-9
https://doi.org/10.1016/S0304-3975(99)00127-9
https://doi.org/10.1016/S0304-3975(99)00127-9
https://doi.org/10.1016/S0304-3975(99)00127-9
https://doi.org/10.1016/S0304-3975(99)00127-9
https://doi.org/10.1016/j.patcog.2006.02.025
https://doi.org/10.1016/j.patcog.2006.02.025
https://doi.org/10.1016/j.patcog.2006.02.025
https://doi.org/10.1016/j.patcog.2006.02.025
https://doi.org/10.1016/j.patcog.2006.02.025
https://doi.org/10.1016/j.patcog.2006.02.025
https://doi.org/10.1016/j.patcog.2006.02.025
https://doi.org/10.1016/j.patcog.2008.08.023
https://doi.org/10.1016/j.patcog.2008.08.023
https://doi.org/10.1016/j.patcog.2008.08.023
https://doi.org/10.1016/j.patcog.2008.08.023
https://doi.org/10.1016/j.patcog.2008.08.023
https://doi.org/10.1016/j.patcog.2008.08.023
https://doi.org/10.1016/j.patcog.2008.08.023
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.14188/j.1671-8844.2018-12-013
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
https://doi.org/10.11896/j.issn.1002-137X.2015.02.022
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
http://dx.doi.org/10.27461/d.cnki.gzjdx.2021.000939
https://doi.org/10.1088/2040-8986/aa895e
https://doi.org/10.1088/2040-8986/aa895e
https://doi.org/10.1088/2040-8986/aa895e
https://doi.org/10.1088/2040-8986/aa895e
https://doi.org/10.1088/2040-8986/aa895e
https://doi.org/10.1088/2040-8986/aa895e
https://doi.org/10.1088/2040-8986/aa895e
https://doi.org/10.1088/0256-307X/34/11/114204
https://doi.org/10.1088/0256-307X/34/11/114204
https://doi.org/10.1088/0256-307X/34/11/114204
https://doi.org/10.1088/0256-307X/34/11/114204
https://doi.org/10.1088/0256-307X/34/11/114204
https://doi.org/10.1088/0256-307X/34/11/114204
https://doi.org/10.1088/0256-307X/34/11/114204
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 73, No. 13 (2024) 134202

Optical color fragile watermark based on
pixel-free expansion visual cryptography”

Liu Rui-Ze"  Zhu Yu-Peng??  Zhou Xin-Long?  Mi Zhao-Ke!
Wu Cheng-Zhe!  Qin Qiao-Hua!’ Ke Chang-Jun?®  Shi Yi-Shi??3)f
1) (School of Mathematics and Physics Science and Engineering, Hebei University of Engineering, Handan 056038, China)
2) (School of Optoelectronics, University of Chinese Academy of Sciences, Beijing 100049, China)

3) (Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China)

( Received 16 October 2023; revised manuscript received 28 April 2024 )

Abstract

In recent years, with the continuous development of computer technology, it has brought convenience to
people to obtain image information. However, at the same time, the falsification and theft of image information
have also emerged, so information security has received increasing attention. When images are used for
medicine, military, court, and other purposes, it is necessary to ensure the authenticity and integrity of the
image content. Fragile watermarks are used to verify the authenticity and integrity of image content due to
their sensitivity to tampering. The watermark information is embedded in the image and integrated with the
image. When it is necessary to detect the authenticity and integrity of image information, the extracted
watermark can be used to determine whether the image is reliable and complete. Therefore, we propose an
optical color fragile watermarking system based on pixel-free expansion visual cryptography. On the one hand,
encoding watermark images by using pixel-free expansion visual cryptography avoids pixel expansion issues
caused by visual cryptography, allowing for the selection of color host images with the same pixel size as the
watermark image in the future, greatly reducing the network bandwidth and storage space occupied during
transmission. On the other hand, phase recovery algorithm is used to process the encoded watermark image to
obtain phase information for embedding into the host image, further improving the security of the watermark
image in an optical way. The feasibility and imperceptibility of the proposed optical color fragile watermark are
verified through computer simulation, and its good fragility is verified through a series of simulation attack
experiments. It can sensitively detect image tampering in the face of common attacks such as noise pollution,

rotation, motion blur processing, filtering, etc.

Keywords: optical color fragile watermark, pixel-free expansion visual cryptography, phase recovery

algorithm, tamper detection
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