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Abstract  Many digital watermarks now available for images are sensitive to geometric distortions, which

particularly prevent blind detection of a public watermark. In this paper, a watermarking algorithm based on

singular value decomposition (SVD) is proposed, which is robust to common geometric distortions. The

watermark is embedded into image’s singular values. By the algebraic properties of SVD, it is proved rigorously

that singular values of the watermarked image are invariant when it goes through the geometric distortions of

transpose , mirror reflection, rotation, scale, and translation. Experimental results show that the watermarking

algorithm performs well in robustness. The embedded watermark can be detected reliably, following these

geometric distortions, usual signal processing, or JPEG compression.

Keywords watermarking, SVD, geometric distortion, copyright protection

o 270°

:2003-07-03 :2003-09-10

90°,180°



4 507
. . / . . o, , A .
s AAT o vsv' A
AAT =U3VVITUT = USSTUT
ATA =VI'U'USVT = V3TSVT “w
U AA" WV
s s ATA , A
(3] ) )
, u v
2 U= [uu,-u,|
Fourier-Mellin R Fourier- V= [vp,vy] (5
Mellin N v, U Vv i
’ ’ o [7]
(singular value decomposition., R
SVD) : C A= 2jouv! 6
o (6) r 1 uv!
o; o
o 2.2
, A
2 u v 2, s
W=w,w;s***w, , w;
’ n °
(51, o "
s , s S$=0,,055"""40,110 o,
; B
2.1 oy = 0, (1 + aw,) 7
) w s
o Ac S =06h,0% 01 a ,
RM*N ) R W s X
, MXN, A . S’ 2, S, X,
o v.s v* A,
A=U3" (D S’
JUERYY  yERWY ,SERMY , ,
0 , o' S o; )
ST, A o
01 =0y=">0,>0, 1= =0oy=0 (2)
v A , A" ( )\ w.
ST a,
o, , A"
5= ” O
(1 A )

oM



508 9
(2) s . S; Ao, + AL = AP,PLAT = AAT (13)
(3) s s, D A Aa A .
. D’ S =0, , .
O35 50,13 3.3
4 s S W' =w ,w, 3.3.1 90°
w:+1 ’ 90° °
o ‘ . Ao
wi =+ Z:l — 1) O ’ e
(5) w w* A, = A'P, (14)
90°
2”3 (w;, — w) (w; — w") 0 |
corr(W,W*)= — 90°
§<w/—w>2 E(w TwO gy
(9) A, € RN AERMY
, QER"M,
_ é _ . A, =QA™,
B %Zw W % ot A0 ATA, = ATQTQA = ATA (15)
corr(W,W"*) w w* s A A 0
T, A W, , \
. 3.4
. 3.4.1 QD)
. BGRLIMXN AERMXN
. A L, .
3
B=S.A (16)
( ) . 10 0]
3.1 1 0 0
AT A , 0 1 0 0
(AH(AHT = A"A a1 s, : € REY (17)
W,AT A , 0 1 0 0
3.2 0 0 1
0 1 :
P, = , L O 0 1]
1 0J wrsm
, :Py' =Py =Py, A A ay v aw
A AAT = € R (18)
A,.. = P,A, A, = AP, (12) Qv Ay

AL+ A, =A"P,P,A=A"A

BBT=S,AA"S'



509

4
M1 0 -
1 0 -
0 1 O

S lo 1 o0
O eee oo
L O eee o
[1 e 1
0 -« 0
L0 = 0
_[4111]1,1.1‘1
_[aMl:II,l,LV

o eee O—\
e 0
0
ay et agy
0 X
o eee A "t Gum
-0 1
-0 14
0 - 0 0 - 0
1 e 1
0 - 0
O eee O
0 - 0 1 e 1

I:alM]Ll Ly

. [a MM:I Ly

xT cee x

[vT]M.,N:

6 RL]A\/[XLI.M (19)

L,

€ RI\/IX N

e x
A AAT

aM]T

an
AAT o =

Ann

[q ]L] .1
BB"
[aM]L] 1

LA
L,

BB"

a\m al
aymd Loy
[au :ILI L,

7|:aMl ]LI L

r M
(L Y],
i=1

M
. Q
|:11 Za‘”‘ ’]Ll.l
L i=1 B

sa=la,  a

r M 1
.
;9
i=1 L
=
M ay
Z i @;
Li=1 i
20)

I:alM]LI L,

[‘Il][‘] 1

[aMM]LI L, [aM:IL] 1

.

[al:ll‘l 1

=LA :
[aM:ILl.l
2D
B A
A o B

A s A
o=+ A NLo=~LA B
3.4.2 ()
) NES S A
GRMXN , A
[4] ’
C = AS. (22)
1 1 0 0 0 0]
0 0 1
S. = H 0 0 e RYXL.N
: 0 =+ 0
L0 0 0 0 1 i
(23)
an AN
ATA — : : e RN><I\7 (24)
ANy aAnN

[an]LZ.LZ [alz‘\":ll‘z.l‘z
C'C = STAAS, = : € RENFLN
[a N1 ]1, L, [d\\ ]1‘2 L,

(25
,C A ,

A o= v A N Lyo=N L,A

s A L,
[42 ’ A O,
N L L,o s
o (8)
s corr (W, W*) w
w* , N L L, s
,coor (W ,W*) .
3.5
( 0)
s ( ) o

s A=[A [0y n]ERMWATD



510 9
AERMY , n=256, a=0.1, Lena ,
. T . . 10 . 1
AeAe - [A |:O:|M,N’] - AA (26)
KON
A. A o (PSNR), o
’ ’ o
o b o
4
256
, : Lena,
Pepper, Tiffany  Truck, 512X512, 1
1 (PSNR)
PSNR(dB) 3/4
3 X3
Lena 37.889 6 0.9930 0.5827 0.399 6 0.3399 0.4890 0.3933
Peppers 34. 6554 0.9931 0.467 3 0.4455 0.4282 0.7379 0.6861
Tiffany 41. 9480 0.9934 0.434 4 0.4450 0.3741 0. 486 4 0.5911
Truck 41. 8683 0.9930 0.4188 0.467 0 0.3328 0.714 6 0.5455
[9] . n, . 90° . 0°
T Py 90° o
Pu(T) =P{corr(W,W") >T} , 0
cos 2(T) . [} i
J sin" % (u)du
__JO ° 2 ’
- /2 (27)
ZJ sin” ?(u)du Py 0
0
n=256 2 . ’
JPEG . 1%
100% o
10° T T T T
IO*I.I, -! b b
10”[ 7 s R
lﬁ_sr 7
107f 3 ’ . 6
a® 1075 1 HP LaserJet 1000
10+ .
104[ : AGFA SnapScan Touch Lena
4
10"’{ 1 ° ’
10°f 7
10-10 L 1 i 1 2 A} o 2
0.0 0.1 0.2 0.3 0.4 0.5
r o
2
2 ( 256) X
( 100dip)
3 Lena
’ Lena 0.5916 0.5277
N N N Peppers 0.8722 0.9155
Tiffany 0.7795 0.6360
° Truck 0.8885 0.6639




4 : N 511

(c) (d) (e)

) (2) (b (i 3/4 ) k)
3 Lena
1.0 Lo —————
0.9 0.9
0.8\ 0.8
0.7h 0.7
0.6 -
ﬁ 0.5 ﬁ 0.5 .
0.4 0.4} — L 4
%03 o3} P;;:rs ]
02 0.2 - — Tiﬁ'any E
0.1 0.1} —— Truck
0.1 . R . . P ; A 0.1 , , , R e . !
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
EEAE () WEHAE ()
() (b)
4
1.0 ————————— .
0.9} E ’
0.8} s
0.7}
& 0.6} o
0.5} 1
K 0.4t L — Lena - s
Rost» e - Pppers
0.2 F - Tiffany - s s
0.1F —— Truck
0‘1 " " L i L i " " N 2
0 10 20 30 40 50 60 TO 80 90 100
BREFEEK %) o
5
JPEG 5
i ,
i
i o
¢
i N . \ N
5 .?'-
b
(a) (b)
b o



512

Petitcolas F A P, Anderson R J. Kuhn M G. Attacks on
copyright marking systems[ AJ]. In: Proceedings of Workshop
Information Hiding[C]. Portland, OR, USA, 1998: 218~238.
Herley C. Why watermarking is nonsense [ J]. IEEE Signal
Processing Magazine, 2002, 19(5): 10~11.

Braudaway G W, Minter F. Automatic recovery of invisible
image watermarks from geometrically distorted image[A]. In:
Proceedings of SPIE Security and Watermarking of Multimedia
Contents I [C]. San Jose, CA, USA, 2000:74~381.

Ruanaidh J J. K. O., Pun T. Rotation, scale and translation
invariant spread spectrum digital image watermarking[J]. Signal
Processing, 1998, 66(3): 303~317.

Andrews H, Patterson C. Singular value decomposition (SVD)
image coding[J]. IEEE Transactions on Communications, 1976,
24(4): 425~432.

Liu R, Tan T. An SVD-based watermarking scheme for
IEEE Transactions on

protecting rightful ownership [ ] J.
Multimedia, 2002,4(1): 121~128.

7

Leon S J. Linear Algebra with Applications[M]. New York:
Macmillan, 1986: 343~356.

Horn R A, Johnson C R. Matrix Analysis[M]. Cambridge:
Cambridge University, 1985: 431~432.

Miller M L, Bloom J A. Computing the probability of false

watermark detection[ AJ. In: Proceedings of 3rd International

Workshop Information Hiding [C], Dresden, Germany, 1999
146~158.

1978 2001
1935 s s
,1960 ,
10
s 4,
100 o
.DSP o



