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Study on mathematical model of atmospheric refraction error
correction of photoelectric measurement information

CHEN Yasong, WANG Xiaoyin
School of Mathemataal Science, Tiangn University of Technology. Tianpng 300387, China

Abstract: A mathematical model of atmoespheric refmction error correction of photoelectric measurement informa=
tion is stdied 1o reduce atmospheric refmction error of photoelectric messurement information and improve the sceuracy
of photoelectric messurement information. Through analyzing the characteristic of atmospheric environment and parame—
ters such as temperature and humidity o pressure, and operation index of refraction of light in the stmosphere and the
height of the atmospheric refractive index distribution, create pitching Angle of atmospherie efraction error correction
madel . and by using gauss integral operation pitching Angle refraction revised . realize the pitching Angle of photoelec=
tric messurement information of atmospheric refraction ervor correction. In a school shooting range school flew photoe=
lectric: measurement information for the experimental data of test, test the modification effect of the model s the experi=
mental results show that the model is adjusted to a greater degree to reduce or eliminate the photoelectric measunng the
residual ermr of information, has the high distance ermr and Angle error comection effect, impmve the photoelectric
megsuring the accuracy of the information, meet the demand of high sceuracy of the data processing.

Key words: phatoelectie measurement ; atmaspherc refraction ;) ermr corection @ mathematical model © the refrac—
tive index, gauss integral
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feasibility problem with multiple output sets
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Abstract

In this paper, we present a pair of CQ-algorithms solving the split feasibility problem with
multiple output sets and prove their strong convergence. Various methods are used in the
algorithm to improve usability and increase the iteration speed. To broaden the
algorithm’s usability, we incorporate an adaptive stepsize and the algorithm works based
on replacing the projection to the half-space with that to the intersection of two half-
spaces. To hasten the convergence process, the“dividing by norm” approach is selected

and the subsequent output hinges on the prior step’s outcome, Finally, our numerical
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Abstract

In this paper, we present a pair of OQ)-algorithms solving the split feasibility problem
with multiple oulput sets and prove their strong convergence. Vanous methods are
used in the algarithm to i mprove usability and increase the itemtion speed. To broaden
the algonthm’s usability, we incorporate an adaptive stepsize and the algonthm works
hased on replacing the projection to the half-space with that to the inlersection of two
half-spaces. To hasten the convergence process, the*dividing by norm™ approach is
selected and the subsequent output hinges on the prior step’s outcome. Finally, our
mumencal tests insignal recovery demonstrate the superior efficacy of our algorithms.

Keywords Split feasibility problem with multiple output sets - Adaptive stepsize -
Dividing by morm - Strong convergence - Signal recovery

Mathematics Subject Classification 65K 15 - 90030

1 Introduction

The split feasibility problem (5 F P can be formulated 2= finding an element h* such
that:

h* € C, and AK* € (0, (n
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Abstract

As a nonlinear extension of Non-negative Matrix Factorization {NMF), Kernel Non-negative Matrix
Factorization (KNMF) has demonstrated greater effectiveness in revealing latent features from
raw data. Building on this, this paper introduces kernel theory and effectively combines the
advantages of semi-nonnegative canstraints, graph regularization, and orthogonal subspace
constraints to propose a novel model-Kernel Graph Regularized Semi-Megative Martrix
Factorization with Orthogonal Subspaces and Auxiliary Variables (semi-KGNMFOSV). This model
introduces auxiliary variables and reformulates the optimization problem, successfully
overcoming the convergence proof challenges typically associated with orthogonal subspace-
constrained methods. Furthermore, the mode] utilizes kernel methods to effectively capture
complex nonlinear structures in the data. The semi-nonnegative constraint, along with
orthogonal subspace constraints incorporating auxiliary variables, enhances optimization
efficiency, while graph regularization preserves the local geometric structure of the data. We
develap an efficient optimization algorithm to solve the proposed model and conduct extensive
experiments on multiple real-world datasets. Additionally, we investigate the impact of three
different initialization strategies on the performance of the proposed algorithm, Experimental
results demaonstrate that, compared to classical and state-of-the-art methods, the proposed
model exhibits superior performance across all three initialization strategies.

Introduction
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Approximation Estimation of Interpolation

Projection Operators in Shift-Invariant
Subspaces Based on Mixed-Norm

Yasong Chen and Junjian Zhao®

Absiract Mixed-norm B a popular tool in recent years and has received
the attention of many mathensaticlns, In this paper, based on the study
ofsignak in the Ly (mixed-norm] sense, we provide a study on the appros-
tsation of signals by nterpolaticn projection operator [ in the plweds
porm Lg sense. That s to say, specific conclusions on the approsdosation
order of the interpolation propection operator I based on onloed=norm are
glven. In fact, the pon commutathe ity of lnfegrals in the sense of niwoed-
i poses soane dificulies o estinsating the error bound of approscdis-

tlon, and this is one of the core Basues that this paper muast address,

Mathematics Subject Clasifestion Primary 41435, 41415, 41A8, 47H35,

AXCAD.

Keywonds, Mived-norm, Interpolation projection opecators, A ppoeosd nsa-

tion arder, Shifi-wariant subspaces.

1. Introduction and Preliminaries

A major elass of problams dealt with by approdmation theory is the con-
vergence of varions projection operators  see [13.14.23]). many of which nse
analysis methods in the LF[R‘]- sense ([31-33]). For example, the study of the
sampling theory of shift-invariant subspaces in the sense of Li(BY) can be
seen as the study of (zampling based) projection operators defined on these
subspaces ([ 1-1]). Therefore, studying the approximation of these projection
operators is of great significance for sampling theory, or it can be seen that
the approximation problem at this time is proposed from the perspective of

Published online: X April H25 I Birkhduser
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Abstract

Mixed-norm is a popular tool in recent years and has received the attention of many
mathematicians. In this paper, based on the study of signals in the Ly (mixed-norm)
sense, we provide a study on the approximation of signals by interpolation projection
operator [ in the mixed-norm L, sense. That is to say, specific conclusions on the
approximation order of the interpolation projection operator I based on mixed-norm are
given. In fact, the non commutativity of integrals in the sense of mixed-norm poses some
difficulties in estimating the error bound of approximation, and this is one of the core

issues that this paper must address.




Expert Systems With Applications 249 (2024) 123797

Contents lists available at ScienceDirect
Expert Systems With Applications

journal hemepaga: www.elsevier.com/locateleswa

Orthogonal graph regularized non-negative matrix factorization under

sparse constraints for clustering
Yasong Chen, Guangwei Qu, Junjian Zhao *

Schaol of Mathematical Sdeces, TianGong University, Thanjin 300387, Peaple's Republic of China

ARTICLE INFO ABSTRACT

MSC: The standard NMF algorithm is not suitable for sampling data from low-dimensional manifolds embedded
SC2 in high-dimensional environmental spaces, as the geometric information hidden in feature manifolds and
G2H30 sample manifolds is rarely learned. In order to obtain better clustering performance based on NMF, manifold
s and orthogenal constraint, a new type of model named Orthogonal Graph regularized Non-negative Matrix
m Factorization model under Sparse Constraints (OGNMESC) is proposed. Firstly, this type of model construets

a nearest neighbor graph to encode the geometric information of the data space, in order to obtain maore
m‘"“ discriminative ability by preserving the structure of the gmph. Secondly, this type of model adds orthogonal
Mesnifold oonstraints to achieve better local representation and significanty reduce the incomsistency between the
Ot ity wriginal matrix and the hasis vectors. Thirdly, by adding spame constraints to obtain 8 spamer representation
Sparse constrints matrix, the custering performance of the model can be improved The main conclusion of this paper is
Clustering that two effective algorithms have been genemted to solve the model, which not only provides theoretical

oonvergence proof for these two algorithms, but also demonstrates significant clustering performance in
experiments compared to classical modek such as K-means, PCA, NMF, Semi-NMF, NMFSC, ONMF, GNMF,

NeNME.

1. introduction

The purpose of clustering is to group data points with high similarity
into one category, while dividing data points with low similarity into
different categories. During this process, it is well known that one of
the most important tasks is to find an effective representation of the
ariginal data, In order to represent or mine the inherent structural
information in the original data, many researchers have done a lot
of work. For example, the work of factorizing a data matrix. The
most classic methods of matrix factorization include Singular Value
Decomposition (Kalman, 1996) (SVD), Principal Component Analy-
sis (Pudil, Somol, & Haindl, 1990) (PCA), and Non-negative Matrix
Factorization (Lee & Seung, 1999) (NMF), among others. In fact, one
of the main purposes of these factorization (decomposition) methods
is to reduce the dimensionality of the original data and simultaneously
extract the hidden features required for data analysis. Due to the many
camprehensive advantages of NMF ( Francisco, Monia, Pedro, Alberto,
et al., 2006; Lee & Seung, 199% Li, Yang, Xu, Qin, & Zhang, 2014;
Paatero & Tapper, 1994), this paper will study the clustering theory
based on NMF.

In 1994, Paatero and Tapper (1994) first introduced the idea of
NMF. In 1999, Lee and Seung (1999) published the well-known result

* Corresponding authar.

on the study of non-negative matrices for mathematics in the journal
Mature, proposing a new matrix factorization method-NMF. The pub-
lication of this paper quickly had significant impacdts in the following
areas, Firstly, a large amount of large-scale data in scientific research
needs to be effectively processed in matrix form, and the idea of
NMF provides a new method for processing large-scale data. Secondly,
compared with some traditional algorithms, NMF algorithm has many
advantages, such as simple algorithm implementation, condse factor-
ization form, interpretability of factorized matrices, and less storage
space, so it is very meaningful to study it Thirdly, NMF models have
also been widely applied in fields such as text mining (Li et al,, 2014;
Shahnaz, Berry, Pauca, & Plemmons, 2006), face recognition (Chen,
Chen, Chen, & Pan, 2013; Xue, 2007), gene expression (Francisco
et al, 2006; Gao & Church, 2005), and hyperspectral image solution
mixing (Ang & Gillis, 2019; Pompili, Gillis, Absil, & Glineur, 2014) and
soon. The application of these practical scenarios has in turn promoted
the development of NMF and brought rich achievements and many
meaningful research directions.

Sparsity is one of the important conditions of NMF for applications
such as computation and storage. As is well known, the component
based image representation obtained by taditional NMF is usually

E-mail eddresses: chenvasong@tangong.edu.cn (Y. Chen), qgwl 3021308691@163.com (G. Qu), zhaojunjian@tangong.edu.cn (J. Zhao)

bt pa/ S dotorg 10 1016,/ eswa 2024 1 23707
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A novel robust zero-watermarking algorithm for medical images
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Abstract

A novel robust zero-watermarking algorithm for medical images is presented in this paper. The multi-scale decomposition
of bi-dimensional empirical mode decomposition (BEMD) has exhibited many attractive properties that enable the proposed
algorithm to robustly detect the tampering regions and protect the copyright of medical images simultaneously. Given a
medical image, we first decompose a medical image adaptively into a finite number of intrinsic mode functions (IMFs) and
a residue, by taking a full advantage of BEMD. The first IMF starts with the finest scale retaining fragile information and is
best suitable for tampering detection, while the residue includes robust information at the coarser scale and is applied to the
protection of intellectual property rights of medical images. Next, the feature matrices are extracted from the first IMF and the
residue via singular value decomposition, which achieves robust performance subject to most attacks. For a given watermark
image, it is encrypted by Amold transform to enhance the security of the watermark. Then, the feature images are constructed
by performing the exclusive-or operation between the encrypted watermark image and the extracted feature matrices. Finally,
the feature images are securely stored in the copyright authentication database to be further used for copyright authentication
and tampering detection. A large number of experimental results and comparisons with existing watermarking al gorithms
confirm that the newly proposed watermarking algorithm not only has strong ability on tampering detection, but also has
better performance in combating various attacks, including cropping. Gaussian noise, median filtering, image enhancement
attacks, etc. The newly developed algorithm also shows great promise in processing natural images.

Keywords Medical images - Zero-watermarking - Bi-dimensional empirical mode decomposition - Singular value
decomposition - Tampering detection

1 Introduction and motivation

& Xizochao Wang

R s Digital medical images store patient’s private information

and play a vital role in disease diagnosis [6.10]. Hence,

= :?g;uufn the protection of patients’ private information is of utmost
L importance to medical information system. because medi-
u

cal images might be duplicated, disseminated, and tampered

hukuné 163
T A by unauthorized individuals, To best prolect the propri-

Jia'lpi;lg;;;l@ oL} etary rights of the patient’s medical images from being
P_ ' abused. digital image watermarking has been widely stud-
f;’g:f‘;ﬂ g & ied [13.16,17,22.33,34].
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Traditional watermarking algorithms provide the copy-
right protection by embedding watermarks into the host
image, which may bring three main problems for medical
images due to their special requirements. First, inserting
information into the host image inevitably modifies the orig-
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Abstract

In this paper. a robust and blind image watermarking algorithm via circular embedding and bidimensional empirical mode
decompaosition (BEMD) is developed. First, the watermark image is scrambled by Arnold transform to increase the security
of the algorithm. Second. the Hilbert curve is adopted to reduce the scrambled 2D watermark image to one-dimensional
watermark signal. Third, the host image is decomposed by BEMD to obtain the nulti-scale representation in the forms of
intrinsic mode functions (IMFs) and a residue. Then, the extreme points of the IMFs are exiracted as the embedding locations.
Finally. the one-dimensional watermark signal is repeatedly and cyclically embedded in the extreme locations of the first
IMF according to the texture masking characteristics of the human visual system, which greatly improves the ability of our
algorithm against various attacks. The final watermarked image is reconstructed by combining the modified first IMF and
the residual. The watermark can be successfully extracted without resorting to the original host image. Furthermore, image
correction can be applied before image watermarking extraction if there are geometric attacks in watermarked image. A large
number of experimental results and thorough evaluations confirm that our method can obtain higher imperceptibility and
robustness under different types of attacks. and achieve better performance than the current state-of-the-art watermarking
algorithms, especially in large-scale cropping attack, JPEG compression, Gaussian noise, sharpening, Gamma correction,
scaling, histogram equalization, and rotation attacks.

Keywords Image watermarking - Circular embedding - BEMD - Amold transform - Hilbert curve

1 Introduction and motivation

&0 Jianping Hu ‘With the widespread popularity of image scquisition equip-
neduhjp 307 [63.com ments and the rapid development of digital media commu-
Xinochao Wang nication technologies, magnaimous images could be easily
wangxisochaol 8@ 163.com acquired, duplicated, revised, and disseminated. Apart from
Kun Hu these conveniences, the abuse of images, copyright infringe-
ueas_hukun@ 163 com ment, malicious dissemination have arisen and atiracted
Ling Du extensive attentions in the area of digital media and infor-
duling @tiangong.cdu.cn mation technologies. To solve the aforementioned issue and
Anthony T. S. Ho protect the copyright of images, image watermarking has
aho @sumeyacuk been widely studied as a very promising information sacu-
Hong Qin rity technology and plays an important role in protecting the
gin@csstonybrook cdu copyright of digital images.
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