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ABSTRACT: The work aims to propose a robust image watermarking algorithm based on IWT-SVD and BRISK to solve
the problems of the traditional singular value decomposition algorithm in digital image watermarking, such as diagonal
distortion of extracted watermark and the weak performance against combined geometric attacks caused by slow speed of
the current feature point matching algorithm. In this scheme, the watermark scrambled by the chaotic map was em-
bedded into the singular value matrix of the SVD decomposition after IWT transformation of the host image, and then
the BRISK (Binary Robust Invariant Scalable Keypoints) algorithm was used to complete the geometric correction of
the distorted image. Finally, according to the extracted watermark image characteristics, the diagonal element correc-
tion was performed by the neighborhood averaging method. After the watermark was embedded, the PSNR was higher
than 42 dB. Under various conventional signal processing and combined geometric attacks, the normalized correlation
values of the extracted watermark and the original watermark were above 0.95, and the diagonal distortion of extracted
watermark was significantly improved. Experimental results show that the scheme can increase the matching speed of
image feature points, enhance the performance, provide better invisible watermark, and further improve the robustness
of image.
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Tab.1 Relationship between the octave layer and the intra
octave layer and the original image

K& B i L
Co H w
do gh gW

3 3
c lh lw
2 2
dl lh lW
3 3
¢ lh lw
4 4
d2 lh lW
6 6
C3 lh lW
d3 Lh iVV
12 12

2) iEat FAST9-16 ( RIFERAZZ S FBIE 16 4~
G, B ES 9 DS S S 2R TR W
B, JUNZ 0k fA ) SEA TR SR, 75 3 5 A
SEEN 8 IKIE, SRIGH FASTS-8 5 i £
MERPZ a2,

3) X AR 9 i EIA8ES B) L A AR R AE D
il 6 A B AR B 28 () 2k 26 ASSFIUS ) FAST 4
[ERGoNINERE Y

4) LRid RREARAFRRAE A B B A, At
WARZ AR — Ak, WA 3.

5) B ERHIE G, DARAIE S5O B0 RAE n AN
ILIE 4,

WA CEARBE SN, AEAEFR AR (1),

A logy(?) t: scale
1T

octave c;yq

intra-octave d;

octave c;

interpolated_ positic
intra-octav >

l\

octave ¢, -1k

FAST score s >
B3 RUBEZS AR s A E

Fig.3 Feature point interpolation of scale space

PR A
151 ~do1% o L=
] o Ll \\ 4 o)
- = TN -
10+ ;, \‘,’ Mo ‘ [+] “‘,’ N
OI_IO)\~/\ & ~ o‘
2 N,¢’0V0on 3 O 1Y
2°N-1 0 )7 \O\-O,‘f Ne e TS
7/

rd - - -~
or, © 1;-40'0) @ ‘ololo ) o]
’

-~
[} ~
1Y *. ~
L' o 1\7“'10\\01\04’:}" °o)V o
b 1 0 Mo\ e TNz s
ST '\\0,\0 o) ~-
"o 1710 ¥y N .o
L S PR B I I Il W
ToL- -2l o 0T
RN
15 ~-1o b o o -
s,’\‘ s o’

K4 SRR
Fig.4 Sampling mode
Uz{(E,Pj)eszRz|i<n/\j<i/\i,jen} (H
K: 1Py, I(PLo) HERIE, & (2) it
SRR A O I SR R R A

](1::'761')_[(876,')

g(f,P)=(P —-F)- > )
|7~ 2]

EXRKEHEE S FELMS, W= (3),

s={(r.p)e 1P -p| <o}, )

L={(e.p)e il -£]> 5.}

R 0 HREE, H 0na=9.75r, Onin=13.67r; r
SHRRAE 5T AR B RUBE o R P B B i XA 1 R {5 B
AR S Y 07 M AR A, WAt (4—5),

8 1

g=( j=—'z(,,,,g)dg(1’,-,€) @)
g) L

o =arctan2(g,,g.) (5)

N TR AR DT [ GG AR AKF- , 5 R AR AE
A L SR X e 2 1) 77 1), AR AR R B



- 216 - f1 %% T 7% 2020 %9 H
XGR R RN R H20 (6) #HAT —iE 4t . SR ENR MR
I L (AR AR (GERC AL GRS y )
“lo =W © 2 JKEIHFZXR

Kb 1P, o) TiEHs o fAPE IR HERAE IR K ik
BEAE . ST AAE R 512 bit EERAF AR TR
Hamming FF 2 E 1 THREAEDEIC .

1.3 #HRESH#H (SVD)

7 L BE OAER™T, W ab E fF AR OE 28
U=[ur,u...un] ER™™, V=[vi, v2...vu] ER"", fHi15:

UTAV = diag(c,,0,-0,) =S 7)

HF U RV #U2E AR, Al A=Usv', H
H1 p=min{m,n}, o, N AT HE, H oj=0=...=

0,=0,

1.4 REBRHEX

TR YO il 3R AT e B e ) 78 A 5 R ) AR 2 v Bl
ARG, ZAGHAAWIE . FEPLE . BENE . sk
P, IF B0 R (A RO B AU, Sk SEAR R O
B g e i 7 2R AR T AL S fe R B — 2
Logistic BUSS #EATE AL, HAC#R KA (8),

xk+1=/u*xk*(1_xk) ®)

Kb wE[04PHFERISE, 2 XE[0,1]0F, B

2.1 IJKEDEIHRN

SCHR K Bl A TR LI S

iz fE EEUR C. KENEGR W KNS5 Hxw
Fhxw, BALIRINE Frik

1 )it Logistics BRI P A B hxw K FE IR
FEYI3F 5 ZEKEDEIG W T R B0E A S 3 B LS
7K EDEUR wo, FERTEATE . EACUEAE Ry 2% HIR-AE -

2) XtE EEG C #H 7 =9 IWT A8, B LL3
T AT SVD 43R USVT=L4

3) KKED wy XA R REHE S H, idh
Sw=S+taxwy (a AR AGRE ), FFXTHETT SVD 73
U,S\VI"™=Sw, 17 U, V|7, SRIF#FT USyVT=L ',

4) %t Ly ibA7 =98 /Nl A ek e 1%, 15380
A KENME B B1E ERER

SCHRE H K BN B TE ILE 6,

IKENFRBUZ K B A R, B IRANTF it

1) 43 B A K B 04 SR 38 21 LA e 1
EIME A BRISK. B33 K 5 $2 BURFAIE 55 S X 7 () R AiE
) i, 38 S RRAIE ) AR AR DT A RRAE A

X FHLL3#ATS VDA #
A
LL3 ||HL3 L=USVT
HL2
LH3 |HH3 HL1 S
ZZIWT | Lm2 | H2 S'=S+axW, (+)—>‘EA@E)E§E{E
> A
1 SVDAFH#
LH1 HH1 Y
S'=U,S, VT
S,
Y
B uvr
S XK Efi#E4TLogistics SVD
Jings B EL
KEPEEIR M EFEHKEI,
ILL3'| HL3| HL2
LH3| HHSI
HL1
LH2 HH2 SVD@’E&
LH1 HH1
A
HRAJKEDG Bk E 5 LL3"WRE A I H T

K5 IKEMRAMRE
Fig.5 Watermark embedding process
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Fig.6 Watermark extraction process
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