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Digital Image Watermark Algorithm Based on NSCT and Compressive Sensing
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ABSTRACT: The work aims to propose a digital image watermarking algorithm based on NSCT and compressive sensing
(CS) according to the good computational security of CS theory, so as to solve the conflict between the robustness, im-
perceptibility and security of images. First, the watermark image was divided into blocks for CS to obtain the measure-
ments. Second, the carrier image NSCT was decomposed. The low-frequency portion was encrypted through Fibonacci
scrambling and divided into blocks. Third, low-frequency sub-bands of each block were subject to LU decomposition and
singular value decomposition (SVD). The measurements of each watermarking block were embedded in carrier’s singular
value matrix with an appropriate embedding strength. The images containing watermark were obtained after a series of
inverse transformations. In the process of watermark embedding and extracting simulation experiment results, the PSNR
value of the proposed algorithm reached over 40 dB. The reconstructed watermark image was remarkably similar to the
original image and had strong robustness against cropping, Gaussian noise, salt and pepper noise, Gaussian low-pass filter
and JPEG compression attacks etc. The proposed algorithm has good robustness and strong invisibility, and it is practi-
cally feasible.
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Fig.2 Watermark embedding algorithm process

2) X A S K E R AR A9 /N aE AT A

WESY, YWECH n, XEHIHTT LU 28 .
A =L, D, U, 9)

A T AT

3) RPEEHHR ARG D, | HEAT 4
0

J

D, =U,.S, VI =U,

j
0 T

A7 A JTALTT AT 47 0 0 VALW./' (10)
0

4) XA IEZ A HLOK ED LK
Ay =2,
(o

J

W55 7 A~ 7K B 73 64 s 20 TR LN {0 -

Vi = (1)

Y, =4"1 (12)

Vi
XEPTAT n A 7K B Bt LI (B 304 7 o AL 15344 7K B
Bl P2 A UK EN PSR W

3 ZWHERDW

15 B R MR E N 128%128 1Y logo /K EEI4
DL 3, a3 R 4 B Bk R F K BN A iy 32
32, FEZR AL A P 45— SR P i T BEA L 4 . 2
4 WEARFSHIG R N 256x25 K E R EGHET .
ERAL . B LR 4, K akikdg 4x4 Bl RS S%
T FRL43

R Y B H B8 IE Ak M, SO MK BTG 3% B
PRI T Ok A



£38E H1LY

VLA JET NSCT I 4 BRI 7 PR K BN - 179 -

K3 JKEpEIE
Fig.3 Watermarking image

ey

K4 kG

Fig.4 Carrier images
3.1 JKENRIERAME

0T B UE K BN B, 51N (514: L PSNR,
PR WL S e AR AR SE R4, PSNR A9 {ELBICR 152 B K
A AN Al DA B, K BT R R i 5 7K B A
KIGILIE 5, WALSE 58 2 AN &K BTG 5 R 3
PREME DO . WEE BB, PSNR {HARTE 40 dB
VAL, UETHZREA R B B W

el S

e

d S4279
5 A KE AR (8 2 SR D

Fig.5 Watermarked images and the extracted watermarking images

¢ PSNR=42.431

3.2 KENWE#HM

SCPFIAE— AR R B NC, J5UhR K BT
H A4 7K ER 22 8] A AEARLRE W] LSE S A G R B NC R
et , NC {E B UK BT B PR P8 . O 11
TR, R U ARG B, SR ETE AR AR
SRR | R IR IR U . IHER R L JPEG
Feg . TP Tty B 1 B0 T B EUR K B IER RO NC H
WLIE 6.

c HUERIEFS (0.006),
NC=0.9143

a TR (0.01),
NC=0.8717

<y
e JPEG [E45 75%, NC=0.9872

f 55Y) 1/4, NC=0.6314

Ko & KENEIG 32 B Bk )5 4R HUK ER

Fig.6 Extracted watermarking images after attacks

KNS TEZ 5] JPEG R 45 I 45 B 7K B

B NCEILE 7, WK 7 sl 4 v] LAE HSCHh Bk g
R4 HAILPT JPEG JE 4 o SCH 8 3L 530k 1015 /K ED
PG %2 RIS TR Mo 19 O T SR ERA K ED IS NC (B X
FE L 1o 1 R BUE T LA SR By E R T
SCHR[10].
1.0

it B NCE
o o
oo Nl

e
93

0_6 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100
R HEFQF/%

7 JKEPYL JPEG FE4i 1k g
Fig.7 Resisting to JPEG compression

I3, W A i B AN A ARAIE T i
TEAHUE B RYIEOLT , o1 o Il e o A R4y 14
BETNE, ITHE— B BIIE T 5k i 2 21k



(R

2017 4F 6 H

- 180 -
Fz1 KENEHMEITLE
Tab.1 Comparison of the robustness against certain attacks
, . SCHK[10
S 110]
HMpEE: (=R7S
HT OBl B (RIS
PR e
s 0.8134 0.8216 0.8194 0.8194 0.4000
(3x3)nifE2 0.4
iR 0.01  0.8763 0.8812 0.8717 0.8745 —
HIERIEAS 0.006  0.9122 0.9091 0.9143 0.9186 0.1072
JPEG JE4E(75) 0.9910 0.9843 0.9872 0.9835 0.0837
554 1/4 0.6423 0.6189 0.6314 0.6472 0.2031
4 Z5iE

SCHRR T —FF NSCT 40 5 20 B R 45 8 A5

st

AR K NS, e 0 S0 [ 5 A Bk 26

PR, SCRREAERIN R TOKENRA T DL | &
PR EOR A RTINSO TR AR | R
& T oK, B —E R A5,

S -

(1]

PNERN, BEPTEL. BCFKENAR BEEOR (D], L T2A 4R,
2000, 28(8): 85—90.

SUN Sheng-he, LU Zhe-ming. Digital Watermarking
Techniques[J]. Acta Electronica Sinica, 2000, 28(8):
85—90.

A, REPTE, PhEAL. B OB K B AR
[J]. T3, 2000, 28(9): 10—12.

NIU Xia-mu, LU Zhe-ming, SUN Sheng-he. The Em-
bedding Technique with Color Digital Watermark[J].
Acta Electronica Sinica, 2000, 28(9): 10—12.
MAKBOL N M, KLIOO B E. Robust Blind Image
Watermarking Scheme Based on Redundant Discrete
Wavelet Transform and Singular Value Decomposi-
tion[J]. AEU-international Journal Electronics and
Communications, 2013, 67(2): 102—112.

ZHOU Nan-rui, ZHANG Ai-di, WU Jian-hua, et al.
Novel Image Compression-encryption Hybrid Algo-
rithm Based on Key-controlled Measurement Matrix in
Compressive Sensing[J]. Optics and Laser Technology,
2014, 62(1): 152—160.

WREE, SERIW, 2. BT g B 8o oK
EN )] BURH TR, 2012, 35(13): 98—101.
CHEN Guo-fa, GUO Shu-xu, LI Yang. Digital Image
Watermark Algorithm Based on Compressive Sens-
ing[J]. Modern Electronics Technique, 2012, 35(13):
98—101.

TREKAR, PINGE, 2ee. BETorHR A I I A R B Tl
JKEPSIEN]. B F 5158254, 2013, 35(4): 797—804.
ZHANG Qiu-yu, SUN Yuan, YAN Yan. A Reversible
Watermarking Algorithm Based on Block Adaptive
Compressed Sensing[J]. Journal of Electronics & In-
formation Technology, 2013, 35(4): 797—=804.

XELR, MG, SR TP B ORI Y
ARESNPATK ERSC B L[], AL T243), 2013, 41(6):
1153—1158.

[12]

[13]

[14]

[15]

[16]

[17]

ZHAO Hui-min, LAI Jian-huang, CAI Jun. A Video
Watermarking Algorithm for Intraframe Tampering
Detection Based Compressed Sensing[J]. Acta Elec-
tronica Sinica, 2013, 41(6): 1153—1158.

Hl, XA, KR BT RGO R ]
(1438 SCHOK ENFL D). 515 BAE i, 2015, 37(5):
1248—1254.

XIAO Di, DENY Mi-mi, ZHANG Yu-shu. Robust and
Separable Watermarking Algorithm in Encrypted Im-
age Based on Compressive Sensing[J]. Journal of
Electronics & Information Technology, 2015, 37(5):
1248—1254.

X R, VB0 T3 BT 4 I Y PR I 5 R
KEN T, H3hk2ER, 2012, 38(4): 609—617.
ZHAO Chun-hui, LIU Wei. Block Compressive Sens-
ing Based Image Semi-fragile Zero-watermarking Al-
gorithm[J]. 2013, 35(4): 797—804.

WEdy, AL, FBEE. KRGO LA E F o Bk
245 SRRV I AP S (L0 AR 1 B R K BN R 7], AR AR
K2R (A RPBLENR), 2015, 36(5): 535—540.

CHI Xiao-fang, FEND Gui, DONG Xiao-hui. Robust
Digital Watermarking Algorithm Based on Image
Geometric Correction and SVD of Block Compressive
Sampling Measurements[J]. Journal of Huaqiao Uni-
versity (Natural Science), 2015, 36(5): 535—540.
B, BAR, TR, A B TRRAEIEHOLINAE i K
FIBOKENTET]. LRIOR =2 (A SRR, 2013,
37(3): 61—67.

WEI Feng, LIANG Dong, ZHANG Cheng, et al. Wa-
termarking Algorithm for Digital Image Based on
Compressive Sensing Measurements[J]. Journal of Anhui
University (Natural Science Edition), 2013, 37(3): 61—67.
FIZoF, EHRE, 2R, % —MET NSCT S
RE K ENSE L (D). = R R A2 4 (A A7
hR), 2013, 22(3): 222—225.

YAN Fen, WANG Kang-bi, LI Chen, et al. A Blind
Algorithm Based on NSCT and Dither Quantization[J].
Journal of Yunnan Nationalities University (Natural
Science Edition), 2013, 22(3): 222—225.

ZHAO lJie. Digital Watermarking Method Based on
Nonsubsampled Contourlet Transform[J]. Information
Technology Journal, 2013, 12(24): 8153—8158.

ZHU Dan-dan, ZHANG Xiu-ping, ZHANG You-liang,
et al. A New Image Watermarking Algorithm Using
NSCT and Harris Detector in Green Manufacturing[J].
Applied Mechanics and Materials, 2013, 340: 277—
282.

DONOHO D L. Compressed Sensing[J]. IEEE Transac-
tions on Information Theory, 2006, 52(4): 1289—1306.
4/, SO, B 0. FETHRE LU 20 1 ECs
JKENGERE[T]. T 515 2z, 2004, 26(10): 1620—
1625.

NIU Shao-zhang, NIU Xin-xin, YANG Yi-xian. Digital
Watermarking Algorithm Based on LU Decomposi-
tion[J]. Journal of Electronics & Information Technol-
ogy, 2004, 26(10): 1620—1625.

s, m KM, ERRK. BT Logistic &M% MY
NSCT-SVD #} 3h i #il 5 /K Bp 3535 (). A% T 7%,
2016, 37(5): 156—161.

MA Ting, GAO Da-peng, WANG Xin. Jitter Modula-
tion Blind Watermarking Algorithm Based on Logistic
Chaotic Encryption and NSCT-SVD[J]. Packaging En-
gineering, 2016, 37(5): 156—161.



