A HBE L]
A 4 | 4

JOURNAL OF IMAGE AND GRAPHICS

FHUEREAZER

=HazmnEl P1201




2555687 (25529087 )
2020565 16H

FRESmRTEHHATI
R EERRZIAARTEFEARERT
FREF M O HAT
FR3Z A% O HATY

RIS EA
R ( PEERERZER ) 1215, 1990
BRBEFTIMLER CNKIZFEZH R
EEihR, FRTUEIEXEIRISEFRAR
B, ATIFEE R BRYfE
H, FrERS, REIFE, e
AR5 ER

Copyright
All rights reserved by Journal of

Image and Graphics, Institute
of Remote Sensing and Digital
Earth, CAS. The content
(including but not limited text,
photo, etc) published in this
journal is for non-commercial
use.

SRR Z A

Tl T Rt

BT (19965F6IH))

EEBU PEREFER

EHEfM PERFRERSH IR
TEEREREER
IERM ARSI BN

* & miTk

RIEBHR (TEEREFRSFER) HELRERS
BEtt JE=HeEX IR AR 195

BE 4% 100190

BFEfE jig@radi.ac.cn

2] i& 010-58887035

P HE www.cjig.cn

I"ERHEICS PR 55201702185

B &R 7 ItRRIAITE

T 18 2ESHE

BINRTT PEERERRZERAGRAT
(HBBUEHE: IR0/  HB4w: 100048)

ENRIERLT JEREHEEIRIBIRAS)

Journal of Image and Graphics
Title inscription: Song Jian | Monthly, Started in 1996

Superintended by Chinese Academy of Sciences
Sponsored by Institute of Remote Sensing and Digital Earth, CAS
China Society of Image and Graphics
Institute of Applied Physics and Computational Mathematics

Editor-in-Chief Gu Xingfa
Editor, Publisher Editorial and Publishing Board of Journal of
Image and Graphics

Address No. 19, North 4" Ring Road West, Haidian District,
Beijing, P. R. China

Zip code 100190

E-mail jig@radi.ac.cn

Telephone 010-58887035

Website www.cjig.cn

Distributed by Beijing Bureau for Distribution of Newspapers and Journals
Domestic All Local Post Offices in China
Overseas China International Book Trading Corporation
(P.O.Box 399, Beijing 100048,P.R.China))
Printed by Beijing Kexin Printing Co., Ltd.

CN 11-3758/TB
ISSN 1006-8961
CODEN ZTTXFZ

E5M &S M1406
E RS 82-831
EAREMN 60.007T



REEFRHENEERIENX
DEFRAFRBRE(51069M)

S IEELIR RIS NIRRT
B3 BRIRER(551142M)

TREX B ER R AMERRIE
ARSI IZREML AL (5512451R)

2020568 25256 H6H (=25529088)

PEERERFR 5 )i

Zhongguo Tuxiang Tuxing Xuebao

Rk
RESTHREMEEBIE LD BRI E
%}%7 %EEIEH %@_HEL EQ&% .................................................................................................... 1069

SISl EIE
T BB R T SR/ N 7K ED
HENEY, BT, SUE, LI, TR, TERIPH ceerrrrreremesesesesensessniseisissessnssessesseans 1091

El& oAz

e ESREEREENEE N

BRESE, MHE, BYRIR, SH, FRIIE e 1104
ZREERHEMNETEWREN

KIS, ZTIR)I|, BFEIT, BHEE oottt st 1116
LT EERNSERHIMEEEHRN

B/iﬁ%"}'l” EEﬁ(}Z\g ......................................................................................................................... 1130
TR ERLIR THREMERBT S S B IRRER

Eﬂ, g&u_“ gK&%{% ........................................................................................................... 1142
BiEMN R 53R B RRER

(HETT, 255, BI K, XUEH, RRED, T e 1150
BB SRS TEX N B RRER

BRHEIH, S8/NTRR, BKER, ESLTLR wroveeroerererseremmmssmerstietetst et 1160
A ERERIRG

_’%HX%“‘:’ gKSZT§7 ylﬁél;&\, BXBEESZ ......................................................................................... 1171
FERBRRSRENERGHZ

BIMEE, TRIK, BSZEHG oottt sttt s tsstssstssasissaassetsssssssassass 1180
N P BIRSS  EE X S &

B/if\h}:27 %H$7 ﬁ%%;‘% .............................................................................................................. 1190
RIS ESTMEREBU RN R EIES X5 ENRE

BKITE, (TS, BXITEL, WHE, LN oeerveereerreemrermesemmiemeieiset s 1201

SIS bR
SMEAE ST AN EH AR IR R

BRI, FEEEHD creereereereeree sttt 1209
FERGHER NS RER3E BN
=R 1221

IHEERZ
FRBERE S ARER BB AN

FEL, Z5ME5, SUBEEZ coerererrereermmnieene e 1235
ZRBRE BRI RRE AR E R
BRAE(T, THERTE, fBEIE -oereeeeerermessriie it 1245

EZEGLEE
WK PR R BRI 5 B

FE, FEF, IBEISE, TEEES, SRZR e 1260

ERKE GRS
FEREFINBETHE D BREGZZMALN
FHENE, BT, FRIEABR, BRED reereererereresreseintinti sttt sttt 1271



Volume 25, Number 6
Published June 16, 2020

CONTENTS

JOURNAL OF IMAGE AND GRAPHICS

Deep convolutional neural network
for semantic image segmentation

(P1069)

Object tracking via reverse low-rank
sparse learning with variation

regularization(P1142)

Bas-relief optimization based on
twice-joint sparse representation
and low-rank approximation
(P1245)

Review
Deep convolutional neural network for semantic image segmentation
ang Chen, YU Jing, Xiao Chuangbai’ Duan Juan .................................................................. 1069

Image Processing and Coding
Digital watermarking algorithm in the UDWT domain based on robust local features
Niu Panpan, Yang Siyu, Shen Xin, Yang Hongying, Shi Qiliang, Wang Xiangyang -« 1091

Image Analysis and Recognition
Saliency detection based on the background block reselection method

Chen Xingyu, Ye Feng, Huang Tianqiang, Weng Bin, Lin Wenzhong ««-«-««eseeseeessseseeneeneeeeene 1104
A multi-scale convolutional neural network for salient object detection

Zhang Qing, Zuo Baochuan, Shi Yanjiao, Dai Meng -« 1116
Saliency detection based on multi-level features and spatial attention

Chen Kai, Wang YONGXIONE «++++ssesesssssusssssimiiiiiiiiiiiii e 1130
Obiject tracking via reverse low-rank sparse learning with variation regularization

Tian Dan, Zhang Guoshan, Zhang JUARJin -« 1142
Adaptive scale sudden change object tracking

Ren Junli, Guo Hao, Dong Yafei, Liu Ru, An Jubai, Wang Yan ««-«t-sseeeseneciiinniiiinines 1150
Correlation filter target tracking algorithm based on adaptive multifeature fusion

Zhang Yanlin, Qian Xiaoyan, Zhang Miao, Ge HONGJUAN ««+:+-teseeeeresesmmennimeeninnniiiiinncinnes 1160
New radar emitter identification method

Gao Xinyu, Zhang Wenbo, Ji Hongbing, Quyang Cheng ««+«t«sseeeseersueemnniiinniinnes 1171
High-precision parallax image stitching method using feature points clustering

Xie Conghua, Zhang Bing, GA0 YUNMEI ««+++-+tsesesresetstaniueritimniiiiitiniititticst s 1180
Weakly supervised semantic segmentation based on dynamic mask generation

Chen Chen, Tang Sheng, Ll Jintao ......................................................................................... 1190

Point cloud data classification and segmentation model using graph CNN and different pooling func-
tions
Zhang Xinliang, Fu Pengfei, Zhao Yunji, Xie Heng, Wang Wanru ««:-:.seeeessesesssssnnensnn 1201

Image Understanding and Computer Vision
Dynamic update correlation filter tracking based on appearance representation analysis

Qiang Zhuang’ Shl Fanhuai ................................................................................................... 1209
3D object detection based on domain attention and dilated convolution
Yan Juan, Fang Zhijun, Gao Yongbin ...................................................................................... 1221

Computer Graphics
Fast turbulent smoke synthesis via a dictionary-based neural network

Bai Kai, L| Wei, L|U Xiaopei ..................................................................................................... 1235
Bas-relief optimization based on twice-joint sparse representation and low-rank approximation
Zhang Qiankan, Jl Zhongping, FU Xiaofeng ........................................................................... 1245

Medical Image Processing
Segmentation of optic cup and disc based on two-layer level set describer in retinal fundus images
Wang Ying , Yu Xiaosheng, Chi Jianning, Lei Xiaoliang, Wu Chengdong ««::-««sssssssseeseneeeeeens 1260

Remote Sensing Image Processing

Deep learning and superpixel-based method for high-resolution remote sensing image change de-
tection

Wang Yanheng, Gao Lianru, Chen Zhengchao, Zhang Bing e 1271



E-mail: jig@radi.ac.cn EP%EHZ?;E

Website: www.cjig.cn JOURNAL OF IMAGE AND GRAPHICS
Tel: 010-58887035 OHEERERZFRRINAE

hEESE S TP391 XEkARIRED: A XEHS: 1006-8961(2020)06-1091-13

X5 A : Niu PP, Yang SY, Shen X, Yang HY, Shi Q L and Wang X Y. 2020. Digital watermarking algorithm in the UDWT domain based on
robust local features. Journal of Image and Graphics,25(06) :1091-1103 ( 2Ry, #5852, Tk 28, 41070, A1 57 K, E 1) BH. 2020. Fafadt /R EFE IR T 2R
FE/ANP BT K ED. v [ P 4 T 441,25 (06) :1091-1103) [ DOT:10. 11834/jig. 190352 ]

T B AR AR T R AN R BB = 7K ED

Fmn mEE L E Has  ERR L, EHE

ILFIMRERA BN S E R EOARERE, K& 1160295 2. JGEFL TR TF B9 TR, KiE 116023

B E: B RTARCTOREEAR M F AR A AR RS AR A BT R Z— , RO E UK ED T AL RE
XL 1 B 14 LA S AL B, TGk A AR TR B ) — ek L 2P Bt o i, S 1 — bk TR A Jo Ay
EAYARE T RAE/NBIEC PR EN R . Foidk FIFIARTT SRAE /N5 VB8 B A D0 555 DA A 8 030 v R IR S 1
WIVRSAE 3, 205463 A0 WA AR W 10 Sy R 00 B, 2R P I 8 ] SR I 80 7 /K BN 5 TR AR AR AR BRI
BB, R PEICA BULRIREEA Dy 4. 1 kHz GEALKERE Dy 16 bit KN 1S s M B IERCF EIUE 51F 0
JEAGEARBEA TN, HF-55 2 SR AE AN ] B E A MR P R 5 T AT XS L o 85 SRR, AR SCRIETE & K ENE S
Jhey A D] )5 168 EC P398R T 17 5.7 B, (]I R TSt A 2 () 48 et T A - B A0 5 23 331 R 5 7E 0. 925 A
0.913, % TR EZBAL G, RY TASC L RA B A T ENE . 725 MG 5 40 B8 (MP3 R4 FB it g (5
HORFEAE) T [ P Bk (R B4 BEHLBT Y] 54 4 DA/ AD et (B 345 ) J5 3 HA By i 5 i k.. it
AR SO P 8 7 5 L RS P -V 2 220 g e e AU JO, 82 ) — i T W B T A Al SR/ B
WAL R PEIOTT 3 , A RO T 5 BURIE ARG E 1 22 EL AR AN R ST R, B 1 008 7 B X5 ) fe 4 L B
HLBTYI B 325 Bl AR fE
KRR FPUKEN s L [ B0 s FRAE AL AR RE s I T RN e e

Digital watermarking algorithm in the UDWT
domain based on robust local features

Niu Panpan'?, Yang Siyu', Shen Xin', Yang Hongying', Shi Qiliang', Wang Xiangyang'
1. School of Computer and Information Technology, Liaoning Normal University, Dalian 116029, China;
2. Faculty of Electronic Information and Electrical Engineering, Dalian University of Technology, Dalian 116023, China

Abstract . Objective Under the background of the continuously increasing quantity of digital documents transmitted over the
Internet, efficient and practical data hiding techniques should be designed to protect intellectual property rights. Digital
watermarking techniques have been historically used to ensure security in terms of ownership protection and tamper-proofing
for various data formats, including images, audio, video, natural language processing software, and relational databases.
This study focuses on audio watermarking. In general, digital audio watermarking refers to the technology of embedding use-
ful data (watermark data) within a host audio without substantially degrading the perceptual quality of the host audio. For

different purposes, audio watermarking can be divided into two classifications: robust and fragile audio watermarking. The
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former is used to protect ownership of digital audio. By contrast, the latter is used to authenticate digital audio, i.e. , to
ensure the integrity of digital audio. A digital watermarking scheme generally has three major properties: imperceptibility,
robustness, and payload. Imperceptibility indicates that the watermarked audio is perceptually indistinguishable from the
original one. This property is required to maintain the commercial value of audio data or the secrecy of embedded data.
Robustness refers to the ability of a watermark to survive various attacks, such as JPEG/MP3 compression, additive noise,
filtering, and amplification. Payload refers to the total amount of information that can be hidden within digital audio. Imper-
ceptibility, robustness, and payload are three major requirements of any digital audio watermarking system to guarantee
desired functionalities. However, a trade-off exists among them from the information-theoretic perspective. Simultaneously
improving robustness, imperceptibility, and payload has been a challenge for digital audio watermarking algorithms. A dig-
ital audio watermarking scheme must be robust against various possible attacks. Attacks that attempt to destroy or invalidate
watermarks can be classified into two types: noise-like common signal processing operations and desynchronization attacks.
Desynchronization attacks are more difficult to address than other types of attacks. Designing a robust digital audio water-
marking algorithm against desynchronization attacks is a challenging task. Method In this study, we propose a new second-
generation digital audio watermarking in the undecimated discrete wavelet transform (UDWT) domain based on robust local
audio features. First, robust audio feature points are detected by utilizing a smooth gradient. These feature points are
always invariant to common signal processing operations and desynchronization attacks. Then, local digital audio segments,
centering at the detected audio feature points, are extracted for watermarking use. Lastly, a watermark is embedded into
local digital audio segments in the UDWT domain by modulating low-frequency coefficients. We use robust significant
UDWT coefficients that can effectively capture important audio texture features to accurately locate watermark embedding/
extraction position, even when under desynchronization attacks. Result To evaluate the performance of our scheme, water-
mark imperceptibility and robustness tests are conducted for the proposed watermarking algorithm. The watermark detection
results of the proposed algorithm are compared with those of several state-of-the-art audio watermarking schemes against
various attacks under equal conditions. All the audio signals in the test are music with 16 bit/sample, 44. 1 kHz sample
rates, and 15 s duration. All our experiments are executed on a personal computer with Intel Core i7-4790 CPU 3. 60 GHz,
16 GB memory, and Microsoft Windows 7 Ultimate operating system. Moreover, MATLAB R2016a is used to perform the
simulation experiments. To quantitatively evaluate the imperceptibility performance of the proposed watermarking algorithm,
we also calculate signal-to-noise ratio (SNR), which is an objective criterion and always used to evaluate audio quality.
The SNR of the proposed scheme is improved by 5.7 dB on average, demonstrating its effectiveness in terms of the invisibil-
ity of the watermark. Watermark robustness is measured as the correctly extracted percentage of extracted segments. The
average detection rate remains at 0. 925 and 0. 913, which are higher than those of most traditional algorithms. Therefore,
the experimental results show that the proposed approach exhibits good transparency and strong robustness against common
audio processing activities, such as MP3 compression, resampling, and requantization. The scheme also demonstrates good
robustness against desynchronization attacks, such as random cropping, pitch-scale modification, and jittering. Conclusion
An audio watermarking algorithm based on robust feature points of the wavelet domain is proposed on the basis of audio con-
tent features and the stability of the low-frequency coefficient of UDWT. First, the original audio is dealt with using
UDWT, and then by calculating the first-order gradient responses of the low-frequency coefficient, ranking these responses
in descending order, and selecting the highest response as criterion to set the threshold. From these processes, stable and
evenly distributed feature points are obtained. Then, the robust feature point is set for identification, and audio watermark-
ing is embedded. Finally, the low-frequency coefficient is inserted into watermarking via quantization index modulation.
The proposed scheme effectively solves the disadvantages of poor stability and uneven distribution of audio feature points,
improving the resistance of digital audio watermarks to pitch-scale modification, random cropping, and jittering attacks.

Key words: digital audio watermarking; desynchronization attacks; feature points; smooth gradient; undecimated dis-

crete wavelet transform (UDWT)
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Fig.1 DWT and UDWT decomposition and reconstruction ( (a) DWT; (b) UDWT)
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Fig.3 The stability testing under common signal attacks ( (a) lowpass filtering (in UDWT domain) ;

(b) lowpass filtering (in spatial domain) ; (c) MP3 compression (in UDWT domain) ; (d) MP3 compression (in spatial domain) ;
p g P P P P:
(e) resampling (in UDWT domain) ; (f) resampling (in spatial domain) ; (g) requantization (in UDWT domain) ;

(h) requantization (in spatial domain) ; (i) audio equalization (in UDWT domain) ; (j) audio equalization (in spatial domain) )
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Fig.4 Detection results of digital audio watermark ( (a) original audio of piano; (b) original audio of heart; (c¢) watermarked

audio of piano) ; (d) watermarked audio of heart) ; (e) audio difference between original audio and watermarked audio of piano) ;

(f) audio difference between original audio and watermarked audio of heart; (g) test results of piano; (h) test results of heart) )
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Fig.5 Stability testing of our method under common signal attacks ( (a) no attack; (b) lowpass filtering 4 kHz;

(¢) MP3 compression 32 kbps; (d) resampling 11. 025 kHz; (e) requantization; (f) audio equalization; (g) echo addition)
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Fig. 6 Stability testing of our method under de-synchronization attacks ( (a) pitch-scaling up 5% ; (b) amplitude scaling

up 20% ; (c) random cropping 1 s; (d) jittering 1/10 000; (e) time-scaling down 2% ; (f) AD/DA conversation)
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Fig.7 Number of segments where the watermarks have been correctly detected of our method under common signal attacks
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Fig.8 Number of segments where the watermarks have been correctly detected of our method under de-synchronization attacks
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Table 2 Robustness testing under common signal attacks
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ot Bk Tl fb/bit BN EIEE B
3 4 1o ea WIILO0S 4418 46806 MR 0.01 100 ms baseboost

44.1 44.1

Xiang 4% A (2018) 10/15 7/13 12/15 11/15
piano  Pun Fll Yuan(2013) 16/16 14/16 16/16 14/16

VN 12712 11/12 12/12 10/12

Xiang % A (2018) 11/17 5/17 9/17 7/19
heart ~ Pun #] Yuan(2013) 15/16 8/16 15/16 14/16

ViNg'y 12712 12712 12/12 12/12

10/13 10/15 11/15 8/13 5/17 5/11
16/16 - - 16/16 15/16 10/16
12/12 12/12 12/12 12/12 7/12 12/12

6/9 5/11 12/17 10/17 10/17 9/15
14/16 - - 16/16 15/16 12/16
10/12 8/12 12/12 12/12 8/12 12/12
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Table 3 Robustness testing under de-synchronization attacks
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+20% +10% -10% -20%

+10%  +5%  -5% —10% Is  1/5000 i

Xiang % A (2018) 5/15 7/15 8/15 7/15
piano  Pun Fl Yuan(2013) 15/16 15/16 15/16 14/16
AL 10712 8/12 11/12 9/12

Xiang % A (2018) 9/17 10/17 10/17 8/15
heart ~ Pun #1 Yuan(2013) 12/716 12/16 14/16 14/16
ViNg'y 6/12 7/12  12/12 12/12

10715 12715 11/15  9/15 8/15 5/15 2/15
4/16 17/16  8/16  8/16 - - -

1012 12712 12/12  9/12 8/12 6/12 7/12

10717 12717 11/17  9/17 6/17 6/17 1715
5/16 4/16  6/16 6/16 - - -

1012 12712 11/12  9/12 7/12 7/12 6/12
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Table 4 Relationship between UDWT decomposition and

reconstruction and algorithm performance

B UDWT (S H/AB  ORIEE /s

2 2% 36. 64 12/12 310. 47
danube 34 39.21 12/12 331.96
4 7% 41.42 12/12 360. 85
2 4% 38.02 12/12 271. 46
heart 34 41.26 12/12 300. 21
4 %% 42. 86 12/12 346. 45
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