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Numerical Analysis of Continuity of Quasi-One-
Way Mapping Developed for Watermarking

KAZUO OHZEKI" YUKI SEO" and ENGYOKU GI'

Singular Value Decomposition (SVD) watermark embedding has the
possibility of quasi-one-way functionality. An advanced SVD method
with rank reduction can protect a%ainst inversion attacks. At embedding,
the decomposing matrix obtained from the original image differs from the
one obtained from the embedded image. In this paper, it is demonstrated
that the difference is distinct and is discontinuous in the Euclidean Norm
by numerical evaluation. This evidence enhances the probability that SVD
embedding is resilient against inversion attacks.
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Fig. 3(a) Embedding position for theupper-right part of the waterrmark 1 2 4 8 16 3 64 138 2% 512 1024 248

matrix. The singular values are in the diagonal position. Wmilevel embedded at a single position

The size of the image is 4x4. W is added to S as SS=S+W.

Fig. 3(c) Signal to nise rtio of an embedding error vs. the watermark’s magnitude.
The SNR is in dB, where the signal level is 255. The size of the image is 4x4.
£VD difference between 5 and Sw for
embedded position 1-6
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Diagonal position of SVD

Fig.3 (b) SVD difference between S and Sw vs. SVD values.
SVD values are sorted in descending order. Six
embedding positions are investigated. The size of
the image is 4x4.

Fig 3(d) Norm difference between U and Uw vs. watermark magnitude.
The norm is the Euclidean Norm. The size of the image is 4x4.
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100 - ; E : : |-+ nmU_100{W=100)
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1
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0.00001
0.000001
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Norm of U-Uw

221 241
Wm embedded position (100,P), girl3.png(256x256)

101 121 141 161 181 201

Fig. 4 The Euclidean Norm of the difference between U and Uw vs. embedded position.
The magnitudes of the watermarks are 0.01, 0.1, 1, 10, and 100 from the bottom line
to the top line respectively. The embedded positions are on the 100" row of the
watermark matrix. The size of the image is 256%256.
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TN D, R X R IRIEME W=1024 2O AATTHEEZ R L ThA. 952
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Nomm of Difference between U and Uw, V and Vw/ SHNR of G and Gw

120

— = -nrmU_s2
100 | —

— B— - nrmy_s2

80 — . — SNR s2
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SNRof G and Gw

20 T

Norm U-Uw, V-\fw and

1 21 41 61 81 101 121 141 161 181 201 221 241

Position of Wm : SvVD2

Fig. 5 The SNR of G and Gw vs. the embedding position at the uppermost line in

dB. The Euclidean Norm of the difference between U and Uw (V and Vw).
Both graphs are for the SVD2. The image “girl3.png”is monochrome. The
size of the image is 256x256.
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SVDE 7+ LHFRITEBWT, EXbE&E L, Inversion Attack % [B3#E9 2 H K
2 & DR A T o 72, F 1T M7 Inversion Attack 23FFET 528, 2
WX, WO R TR —FmEEA LTEY, HiflZ Inversion Attack |37 2 721>

SVD I FRATHN DAL 2 BUERNC TR D FIEERE L. HIALED L O %
RIZHR L, EFATHIOZEL ) NV AFHET, —HAEGENREHN LS. ZOR
" WA, MIARBGRBRL— 2T 2 EEE R TLOTH S,
norm of the difference between LI, 0/ A TORE, W BB RSO 2T T

U and Uw (V and VW)
[T 1

20.5F

22.5F I -
- E nrmU_Num
= O nrmV_Num
"53 2157 H nrmU_LV
£ -~  2f EnrmV LV G
5 3
g2
=

18.5

30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

SNR of G and Gw(dB)

Fig. 6 The Euclidean Norm difference between U and Uw and (V and Vw) vs. the SNR of

G and Gw. The image “girl3.png” is monochrome. The size of the image is
256x%256.

Fig.7. An embedded image example with a large magnitude of watermark.
(SVDI, A large magnitude of W=1024 is used to see the SVD noise
pattern. The embedded position is (100,110)) .
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