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ABSTRACT: To improve the capability of stereo image zero watermarking scheme anti-geometric attacks, this work a
stereo image zero watermarking algorithm based on Fast Finite Shearlet Transform (FFST) and Hessenberg decomposition
is proposed. Firstly, the FFST is applied to the luminance components on the left and right viewpoint respectively of the
original stereo image in the YCbCr color space to obtain the two low-frequency subbands. Then the robust feature matrix
is constructed based on the random sub-block selecting strategy and Hessenberg joint decomposition from the above subbands.
Finally, the certified zero watermark is produced by executing exclusive OR on the robust matrix and the preprocessed binary
watermark. Furthermore, the Fourier-Mellin Transform is used to correct the stereo image to be certified before zero water-
marking detection. Compared with related algorithms, the algorithm in this paper has an average NC value of 0.984 1 for com-
mon non-geometric and geometric attacks, showing better anti-attack capability. The proposed algorithm has lossless and strong
security, and can provide a feasible solution for stereo image copyright protection.
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Tab.3 Test results of non-geometric attack

T (0.03)  BUERME(0.05)  PEIENE(9%9)  4EZNIENLR(9%9)  JPEG JE4H(10) JPEG2000 JE4H(90)

i ANC f SNC{H ANC i SNC{H ANC fH SNC{H ANC{H SNC{H ANC{i SNC{i ANC{H SNC{H
Art 0.9848 0.9943 0.9832 0.9974 09902 0.9909 0.9961 0.9982 09972 0.9964 0.9982 0.997 7
Dwarves 0.9745 09914 09784 0.9968 0.9928 0.9950 0.9959 0.9985 0.9924 09925 0.9972 0.9979
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AT 5 B ST AR AR Art oR 4 RE TERA ARG I 2 2 LRy
TAHUKENE B, RVEETE AR ST AR IR B 2252 31 7
WHEHLT CnF5 O, @, @M©, Wili/EmA
H 5 PR 5 B {1 {5 18 e PSNRUOE H/NTF 20 dB,
RV A PR o e e A AR ), SO BT AT AR 47
Hi ARSI K ERAE B, IE I AUA T .

3.3 &Mt

F T BUAT B8 S AR PR 7K BNV 5% SRR 52D
TESEFEI 2 F5 S AR UG K BN 2 BB i
ST PR K BRI T L e, %
SCHP PR RE AN SCHERI8] . [17] 7 Y7 3 i TR R
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Tab.4 Test results of combined attack
AEXF AR T X FREcE
i) Yoty Ja A s B S I E i 7K ER RS Wi JE i 22 0 s RS 0 E A4 7K ER RS

(PSNR 18 ) (ANC fH ) (PSNR 18 ) (SNC H)

GAUG

® CAUC
- ‘*u( '; (0.9912)

(13.0525dB)

CAUC CAUC

@ GAUC CAUC
(0978 7) (0.9933)

CAUG

® CAUG
(0.9861)

('_}AU'_G_ ('_}AU'_G_

@ CAUC CAUC
(0.9969) (0.9956)

CAUG CAUG

® .(_:A!_]G_ G_A___l_-l_G
(0.9914) (0.9928)

GAUC GAUC

® CAUC CAUC
(0.9673) (0.9858)

(16.447 6 dB)

(16.1346 dB)

iy MWXFSCHR[18]. 1977 A4 5 e AU A FH ST AR R 1)
2 B G R AT IR . BeAh, T SCEk[17]. [19]
W AR G N BLAAHEBT RST JLff M AE Sy,
B T X O SERE AYN F-E, EakR 2 FhE ke /K ERAS
RISER A SCP Y FMT YR BCHE J7 35 R AR 5
FFIUAALIE o BRI 45 S W3 5 (BT R —Fh il
S HNCAE N 25 47 AR R MR 45 5 4 24908 ).

M 5 nTAE, SRR R AR JUT B0 R g
T ET 4 Fh B shxbiEfE o, eh R
PG 25 T SCHR[S1RI[18], B R AE T SCHR[8] 4 1
A9 = JCAU R —Fourier 40 g {8 B 1R & /Y e ik A28
P T SCHR 18100078 4 RS 8 0 E 2 AN A8 DX 35 o
F3E K EN, Jfilat SIFT 4RAF & VS 3E4T LT A%

1E, P R BE S HRBUAT B AR B e R o, (R
o 458 R T AR 59 U B 4R i 2 v 8 U0 I Bt 2k R
AL XFgERE T, SCRE RS 4 Rt
FWRTERBUA Y . EEB My Ish b, SCh Bk
FOUH R AR, R T, M T
g4 MRS T 11.79% . 11.63% . 16.42% Fl
1.87%. S BYRUL, SCHEIEXT RST FISTII LA 2
e BH — T, 5 4 FxF A, P
WIPERE A MR T T 4.08% . 11.89% . 4.13%F1 2.99%
( HHp SRR [171R0 [19]7E A6 I 7K B Fi 5 R I SCH Y
FMT 47 LT B AR IE ) o

g L Rrik, XTER S iy 20 FA R e, o
R B B T AR T 4 Rl HL B
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Tab.5 Comparison results of NC values of different algorithms

P Yt sk PR SCHRIS] SCHR[17]+FMT SCHR[18] SCHR[19]+FMT
1 e TR 0.1 0.988 4 0.932 6 0.913 0 0.965 6 0.966 7
2 R 0.1 0.993 4 0.963 9 0.935 6 0.980 0 0.978 4
3 FEIE S 9%9 0.989 3 0.967 8 0.968 1 0.986 0 0.983 9
4 ALz 9%9 0.998 1 0.978 4 0.978 9 0.991 1 0.989 8
5 JPEG JE45 10 0.991 7 0.985 1 0.9713 0.989 3 0.982 0
6 JPEG2000 JE44 90 0.995 7 0.970 8 0.9717 0.988 6 0.990 9
7 ek 5 0.984 0 0.958 8 0.883 3 0.997 4 0.963 0
8 JiEkk 200 0.960 9 0.965 2 0.8173 0.997 9 0.896 5
9 e 40° 0.945 5 0.965 0 0.818 6 0.997 7 0.861 4
10 45N 0.5 1% 0.999 9 0.997 2 0.997 1 0.998 0 0.998 2
11 K 2.0 % 0.999 9 0.999 5 0.999 1 0.999 7 0.999 5
12 #2017 0.991 0 0.879 6 0.884 8 0.8712 0.966 8
13 T# 2017 0.984 1 0.880 3 0.883 8 0.870 7 0.966 1
14 ZEF 20 3] 0.986 8 0.885 1 0.883 0 0.8220 0.970 1
15 +#% 20 % 0.985 8 0.886 5 0.884 8 0.827 0 0.969 8
16 FLBIY] 1/16 0.976 4 0.953 7 0.843 8 0.874 3 0.945 8
17 £ MY 116 0.978 9 0.953 1 0.8419 0.9815 0.947 2
18 b 1/16 0.9819 0.9527 0.842 4 0.980 8 0.945 0
19 R 1/16 0.977 1 0.9550 0.843 2 0.980 8 0.945 7
20 FHTMEY 1/16 0.973 8 0.956 1 0.844 4 0.9829 0.952 6

FHIE 0.984 1 0.949 3 0.900 3 0.954 1 0.960 9
[2] IR, PhVEEE, TR, FOKEDMAES S D] B
4 Z5iE T4, 2003, 31(2): 214-216.

CH AL AR e FFST il Hessenberg B% 447 fift
PR N TR b e S A E YA N SR ESE W IR ]
Wt Z KR . A REUG 224 ER 24 FFST
Ja AR A, 45 A KR BE AL T Bk £
Hessenberg I A5 43 fifk JEVREUR L) 15 65 A8 R A JE P . W]
i, AR K NSRS R F LFSR 54K Arneodo 1R
MRSV WAL R, Y58 TRV et KiELm
SRR, SCR TR WAR U . U ek Fn—
FRBE A A Do S 2 R B R AT i e
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