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Keywards:
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Tore size distribution
Intermingled fractal modal
Thermal conductivity

Asymmetric structural aramid nanofiber aemgel membranes (ASAAMs) have been considered ideal ther-
mal insulators due to their unigue characteristics, such as dense surface layers and nanoscale 3D fibrous
body components. Fractal theory has been used in studying the pore size distribution of fibrous aero-
wels with symmetrical structures but is rarely used in studying the thermal conductivity of asymmetric
structural aerogels. In this work, two basic fractal units are used to simulate the pore size distribution
of ASAAMs The models are transformed into series and parallel fractal resistance networks using the
equivalent resistance method Additionally, a marginal weighting function s proposed to modify the heat
transfer model, which is applied to aleubte the total effective thermal conductivity of ASAAMs. Results
showed that: (1) The correlation between the porosity and the effective thermal conductivity of ASAAMs
is negative. (2) The basic fractal units of 7 = 7 size selected in this paper could be described the pore
size distribution of ASAAMs well. (3) The modified model demonstrates only 2 58% error, which is closer

to the experimental data.

@ 2023 Elsevier Ltd. All rights reserved

1 Introduction

Reducing energy consumption and improving energy efficiency
are of great importance to sustainable development [1-3]. Using
advanced thermal insulators, such as mineral wool, glass fiber
and polymer-based foam, to reduce heat transfer is considered as
effective means |2,4-6]. Aerogel is an ideal material for thermal
insulation due @ its advantages of high porosity, large specific
surface areas, and extremely low thermal conductivity [7-9].
H -, traditional i ic aerogels are severely limited due to
the drawbacks of their inherent brittleness and highly collapsible
structure, the emerging polymeric aerogels exhibit poor ther
mal insulation performance at elevated temperatures. Recently,
we demonstrated a proton donor-regulated assembly strategy
and constructed asymmetric-structural ANF aerogel membranes
(ASAAMSs) with a dense surface layer and 3D nanofibrous body
part by tailoring the reprotonation process. The resulted ASAAMS
exhibit excellent overall performance in terms of a low thermal
conductivity of 0.031 Wm=1K=!, a low density of 19.2 mgcm=3, a
high porosity of 99.53%, a high tensile strength of 1.8 MPa, high

* Comesponding authors.
E-mail addresses: zhoupindPtl angongedicen (X-P Zhuang),
wanga ovindtangeng eduen (3-¥ Wang).

hirtps: fjdolorg 1000 16/] i heatmasstran sfe r 2003, 124086
0079310/ 23 Elsevier Ltd. All rights reserved.

heat resistance (=500 °C), and high flime retardancy, showing
potential applications in civil and military fields Therefore, re-
vealing the relationship between the structure and heat transfer
mechanism is important to the optimization of the structure and
fabrication of high-performance of ASAAMS.

The heat transfer mechanism across aerogels includes convec-
tion, conduction, and radiation. Some studies adopted empirical
comrelation methods to obtain the thermal conductivities of
gas-phase heat conductivity, solid-phase heat conductivity and
radiation thermal conductivity respectively, and then super-
pose them to calculate the total effective thermal conductivity
[10=14]. However, this approach ignores the coupling effect of the
various conduction mechanisms, and the results depend heavily
on empirical parameters [15|. Some scholars established basic
structural models based on the microstructure characteristics of
aerogels by theoretical methods and then used the equivalent
thermal resistance methods to estimate the thermal conductivities
of aerogels [8,16=19). This approach can address the neglected
coupling effects, but it is difficult o determine the effect between
the thermal properties and thermal conductivities of aerogels [20].
In addition, the complex microstructure of aerogels cannot be well
described, leading to a decrease in the accuracy of the models.

It is worth noting that the effective thermal conductivities
of aerogels depend on their microstructure [21-25], and the
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Repeated Embedding Algorithm for Image Watermarking Based on BEMD
and Hilbert Curve

Wang Xiaochao'!, Hu Kun™, and Hu Jianpmg "

W8 hoal of Mathematical Sciences, Tiangong University, Tinin  300387)
B {University of Chinese Acadeow of Sciences, Beijing  100049)
L (| S g’ Seience, Novihe axt Elecivic Fower Umiv eIy, Jiir 132002)

Abstract: In order to solve the imitation of size matching between watermarking image and host image in digital
image watermarking algorithm and improve the robustness of image watermarking alporithm apainst large-scale
shearing, Gauwss nowse, salt and pepper noise attacks, a repeated embedding algorithm for image watermarking s
proposed by combining bi-dimensional empirical mode decomposiion (BEMD) alporithm and Hilbert curve.
Firstly, the watermarking image 8 scrambled by Arnold transform to merease the security of the watermarking
image. Secondly, the scrambled bi-dimensional watermarking image 8 dimensionally reduced o get

YE B 2019-06-18; $EEHB: 200910-12, BEIHE: HEEH2HFESG1602341, 61672149, 6160234, 61802279); Fiit
THE R &L TICOMICO0600, TRICONICO0100, 1BIOONICO1I00Y, Fatur BES 45 6 3 L Bk % W20 8KI222), b B(1987—),
B, @4, W09, WEERE, CCF £ R, TREMRAMSELE. BERELE, §19d—), B, MEWRE CCFEEER,
FEFRAF I EE G, MESME TS EEEN, SRE0wWI—), B, M, 88 @EERE, CCF &R, e Tl EEd,
ERE R T . R
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Mapping based Residual Convolution Neural Network for Non-embedding e

and Blind Image Watermarking
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ARTICLE INFO ABSTRACT

Keywords: Traditional image watermarking algorithims directly modify the host image by watermark embedding, which
lmag e waermarking is hard o balance the contradiction between the robusiness snd imperceptibility. Inspired by the human
Mappingbased RENN brain's asocialive memory, Ukis paper proposes a nom-embedding and blind image walermarking algorithm
Dsrees Costne Trmmpl o via mapping based Residual Convelution Neural Network (Mapping-hased RONN). For preprocessing, median
Singuler Value Decampasition

filer is applied on the host image 10 enhance the robustness of the algorithm 1o against various anacks. Afrer
that, Diserete Cotine Transform and Singular Vahee Decomposition are adopted to extract the comesponding
image information matrdix. To obtain the mapping relationship between host image and watermark image,
ithe information matrix is input into the designed Mappingdased RCNN structure for network training. The
Mapping-based RONN & a non-embedding watermarking algorithm, which not only overcomes the imper-
ceptibility shortecoming but also wing good robustness compared with taditional watermarking algorithms.
Experimental results show that the proposed algorithm can suocesfully extract the watermark images wnder
various attacks, and is more robust than existing watermarking algorithms.

1. Inroduction

With the rapid development of digital media and Internet technaol-
ogy, image watermarking algorithms have been proposed and widely
used for the security management of copyright protection and authen-
tication to solve this public security issue. Generally, according to the
inzertion space, image watermarking algorithms can be classified into
two categories, spatial domain based algorithms [1-3] and frequency
domain hased algorithms [4-17]. For spatial domain based watermark-
ing algorithms, the watermark is embedded into the host image by
directly modifying pixels. For frequency domain based algorithms, the
host images are usually transformed into frequency domain, and the
watermarks are embedded into the frequency domain. However, these
traditional watermarking algorithms inevitably modify the host image,
which not only results in the natural conflict between the robustness
and imperceptibility of the watermarking algorithms, but also limits
the embedding capacity of the algorithm, Therefore, it is urgemt to
develop a robust, non-embedding and blind watermarking algorithm
to overcome these limita tions.

Recently, machine learning provides a new opportunity for wa-
termark algorithm. The main idea of learning hased watermarking

* Corresponding author

algorithme [18-35] use statistical models to replace the rules defined
in traditional watermarking algorithms. Actually, many complex re-
lationships are non-linear, while the statistical model can avoid this
problem. Fitting complex rules by statistical data greatly improves the
possibility of watermarking algorithm. However, the existing learning
‘hazed watermarking algorithms still can not overcome the shortcoming
of modifying the host image in traditional watermarking algorithms,
Furthermaore, the learning based watermarking algorithms are heavily
dependent on the input data. In fact, it is not necessary to collect a
large number of data with the same distribution. The trained model is
aften limited to embedding watermarks with similar distribution as the
training data, which further limits the application of the algorithms.
To overcome the above problems, a versafile non-embedding and
blind watermarking algorithm is developed in this paper, which in-
cludes host image information extmcton, network training and wa-
termark extraction, as shown in Fig. 1, The newly-proposed algorithm
abandons the traditional idea of modifying host image in most previous
watermarking algorithms. The median filter is first applied on the host
image to enhance the robustness of the algorithm to against various

E-vmad addrestes wanguinochas] B 163.com 00 Wang), blackma®d09@ 163 com (D Ma), veas hdknfilé Soom (K. Hu), medubjp307§163 com (1. Hu),

dislin g iangong edien (L. Du).
bt/ Adol org 10, 1016,/ jisa 2021 . 1020

Z214-21 260 2021 Elsevier Lid. All rights reserved .
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Innovation and Practice of Mathematical Modeling Teaching Reform
Chen Yasong, Wang Niaoyin, Shi Luoyi
{Tiangong University, Tiangin 300387, China)

[ Abstract] Thimghs vears of nterdiseiplizay wehing amld reearch activities in engineering, seosomics and managemen,
amd matlematios, the lt‘.ﬂ'}linﬁh'ﬂm e aeeimmilated a wealil 1J1mn'l'l'llgeq.u:i-n:f_ Baseal o the actzal pmhlﬂnﬁ e —
tered in mathematical modeling teaching. the teaching team bos inmovated teaching reform methods, and proposed a new
!.m.ini:lls v | mn:hini.ng "Thres: e Founr i.lﬂr.ﬁrai‘ amd Five abilities shoald be |||-.wd.r|r|m| s.iml]anrulsly " I Duertheer
explomiion and practive, a mathematival modeling vourse sysiem with engineering characedstios was comnstrmded, and ideal -
agy and ]ml.il.iqls W i:lmegrﬂml i.linﬁmmuh]insul.m’unn. and the ooaprse calen] was i:rq:nrwa. Thee commibvination of 1each-
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