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The Apriorialgorithminassociationrulesis the mainalgorithmused in the treatmentand prevention of chronic diseases in data
mining, and the algorithm in the current stage of China’s medical field of association between chronic diseases has some problems,
suchas the need to scan the transaction database of cases several times, producing a large data set and more redundantrules. To
address the above problems, a data mining algorithm of association rules combining clustering matrix and pruning strategy is
proposed, whichimproves thealgorithm by using the clustering matrix method tocompress thestored transaction databaseand
introducing the prepruning and postpruning strategy methods on the basis of adding constraint conditions. The experimental
resultsshow thatthe optimizationalgorithmhasuniqueadvantagesinreducing thenumber of database scansand thenumber of
candidate item sets generated and ultimately greatly reduces the running time and I/ O load of the algorithm, and the running

efficiency of the algorithm is greatly improved.

1. Introduction

Withthe development of digital technology today, behind it
is the support of powerful computer technology. Powerful
computer technology must rely on massive databases.
Computer database application technology has penetrated
many aspects of people’s lives, such as online shopping,
smart home appliances, pathological analysis, prevention,
etc. Extensive application is bound to produce a large
amount of data. How to quickly find potentially useful in-
formationin this massive data has beena major problem
that people are facing. Data mining technology can help
people discover the knowledge hidden behind massive data.
Driven by various medical and health modes, data mining
technology has shown good application value and attracted
more and more experts and scholars” attention. The im-
provement of information technology has also brought
about the wide application of various medical systems. In the
medical field, big data has also begun to be applied, and the
data collected in various medical systems are of great re-
search value for medical research and the diagnosis and
treatment of chronic diseases. However, at present, all

hospitals only collect and store patients” medical data
without in-depth analysis and effective use, let alone using
these data to analyze and mine the knowledge behind them.
Using data mining technology to discover the hidden re-
lationship from these medical data and provide services for
doctors’ clinical diagnoses has become a problem that re-
searchers pay much more attention to.

In medicine, there is a lot of unknown information
hidden behind the sign data [1] of patients with chronic
diseases, which can provide a correct prediction for early
diagnosis through data mining. Therefore, data mining
technology hasbecomeanindispensable partof the hospital
evaluation system and medical research. Methods of data
mining techniques such as association Rules Mining, rough
set theory [2], machine learning, and neural network [3]
have their own advantages and disadvantages in medical
data mining [4]. Among the many application fields of data
mining, a promising research direction is the data mining
algorithm of association rules which has been widely applied
to e-commerce, prevention of chronic diseases [5], tele-
communications industry, and insurance industry. Whether
the association rule algorithm is good or bad in practice is
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A Data Mining Algorithm for Matrix and Sort Index Association Rules

LIU Yan-rong', YANG Yun’
(1.School of Information and Engineering, Shaanxi Institute of International Trade & Commerce, Xi” an 712000, China; 2. School
of Electronic Information and Artificial Intelligence, Shaanxi University of Science & Technology,
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Abstract: In the association rule mining algorithm, Apriori is prone to I/ O overhead and low efficiency of data mining due to the fact that
multiple scans of the database will generate many candidate sets. Matrix association rules do not delete infrequent item sets in the data
mining process,resulting in many invalid scans,and the improvement of mining efficiency is not obvious. An improved data mining algo—
rithm for matrix and sorted index association rules is proposed. First, unwanted transactions and items are deleted, frequent binomial sets
are obtained by matrix multiplication and lookup tables,and the remaining frequent k —item sets are obtained by combining the sorted in—
dex. Compared with the matrix association rule algorithm and Apriori algorithm, the proposed algorithm can directly find frequent item
sets and scan the database. When there are more frequent item sets or the database needs to be dynamically updated, the proposed algo—
rithm has better feasibility and execution efficiency. Experiment shows that the proposed algorithm reduces memory utilization and I/ O o—
verhead, improves data mining efficiency and has better scalability.
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Real-time Respiratory Motion Image Processing Prediction

Xijuan Wang
College of Information Engineering ,Shaanxi Institute of International Trade & Commerce, Xi‘an 712046,
Shaanxi , China

Abstract

The information on the rhythm, mntensity and frequency of the human respiratory signal can largely refiect the
pathological changes of the human respiratory organs. Thercfore. monitoring the human respiratory condit:on
has great medical significance. However, medical respiratory monitormg equipment is often bulky or expeasive:
and the contact detection method in which the sensor is directly in contact with the human body brings
inconvenience and restramt to the patient. At the same time, some unintended activities of the human body may
cause the sensor to fall off and move, making the detection result inaccurate or even faifing. [0 view of the
above problems, this paper takes human respiratory motion as the rescarch object, and uscs long-texm and shont-
term memory neural network, combined with image processing and signal processing echnalogy, to study how
to predict human respiratory image signals accurately and in real time without direct contact with human body.
The experimental results show that the proposed real-time respiratory motion image processing algorithm based
on long-term and short-term memory neural network has the advantiges of real-time, high aceuracy and
predictive accuracy.

Key words: Long-term and Short-term Memory Neural Network, Respirstory Metion. Medical Image
Processing. Real-time Prediction.

Prediccién de Procesamiento de Iradgenes de Movimiento
Respiratorio en Tiempo Real

Resumen

La informacion sobre el ritmo, la intensidad y la frecuencia de la senal respiratoria humana puede reflejar en
gran medida los cambios patologicos de los organos respiratorios humanos. Por lo tanto, monitorear la
condicion respiratoria humana tiene tasa grog importancia meédica. Sin embargo, ¢l equipo de monitorco médico
respiratorio a menudo es voluminoso o costeso, y ¢l método de deteccion de contacto en el que el sensor esta
directamente en contacto con ¢l cuerpo humano ccasiona inconvenientes y restricciones al paciente. Al mismo
tiempo, algunas actividaiies involuntanas del cucrpo humano pueden hacer que cl sensor se caiga y se mueva, lo
que hace que la detection sca inexacta o incluso que falle. En vista de los problemas anteriores, este documento
toma cl movimiento respiratoric humano como objeto de investigacion y utiliza una red neuronal de memonia a
corto y largo plazo. combinada con el procesamicnto de imagences y la tecnologia de procesamicnto de sefiales.
para estudiar como predecir con precision las scfiales respiratorias humanas. Y en tiempo real sin contacto
directo con el cuerpo humano. Les resultados experimentales muestran gue ¢l algoritmo de procesamiento de
imagencs €2 movimiento respiratsio en tiempo real propuesto, basado en la red neuronal de memona a largo
plazo v a corto plazo. tience las ventajas de la alta precision y la precision predictiva en iempo real.

Palabras Clave: Red Neuronal de Memona a Largo y Corto Plazo, Movimiento Respiratorio, Procesamiento de
Imagencs Médicas, Prediccion en Tiempo Real

1. Introduction

Breathing is the most basic life activity of the human body and an important physiological feature
reflecting the health status of the human body. The information on the rhythm, intensity and frequency of the
respiratory image signal can reflect the lesions of the organs of the resprratory system([1], for example, the
respiratory tract, lungs. bronchus and cardiovascular and cerebrovascular parts of the human body. Monitoring
the respiratory condition of the human body through the respiratory monitoring device can detect and prevent
the occurrence of the above discases, thereby ensunng the health of the human body. In the carly days, the use
of respiratory monitoring equipment to monitor the respiratory condition of the human body mamly occurred in
hospitals. For example, during and after surgery. anesthesiologists implemented specific anesthesia programs by
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RESEARCH OF GAIT RECOGNITION ALGORITHM BASED
ON LOWER-LIMB CONTOUR POINT DISTANCE AND STRIDE ALTERATION

Wang Xijuan
( College of Information and Engineering, Shaanxi Institute of International Trade and Commerce, Xi’ an 712046, Shaanxi, China)

( College of Computer Science and Technology, Xi” an University of Science and Technology, Xi’an 710054, Shaanxi, China)

Abstract In the video surveillance system for real-time gait recognition, we not only need to ensure high recognition
rate, and need to minimize the recognition time. Therefore, this paper proposed a gait recognition algorithm based on
lower-imb contour point distance and stride alteration. Firstly, the extracted contour image was cropped according to its
minimum circumscribed rectangle, and the image was scaled according to the maximum height of all the images while
keeping the aspect ratio unchanged. Then, the centroid height of all the image frames in a period was extracted, and the
rate of change of the angle of the lower extremity contour between the two adjacent frames based on the pelvic joint point
was taken as the gait feature. Finally, the similarity measure and the K-nearest neighbor algorithm were respectively
completed by the dynamic time warping ( DTW) algorithm and the K-Category identification. The experimental results
showed that the proposed algorithm balanced the recognition rate with the time cost, and achieved high recognition rate of

user identity in a short time, and had good robustness to clothing and backpack status.

Keywords Gait recognition Lower-limb contour Point distance alteration Stride alteration
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Research on precision measurement method for mobile

phone tail plug part based on machine vision

Zhang Ximin', Yu Qiying’, Zhang Jinbo', Fu Anying'

( 1.School of Information Engineering, Shaanxi Institute of International Trade & Commerce, Xi'an 712046, China;

2.School of Computer Science and Technology, Xidian University, Xi'an 710071, China)

Abstract: Taking the geometric size of the mobile phone tail plug parts as detection object, a precise measurement method and system of
small size, irregular shape parts based on machine vision is proposed. The method includes image acquisition, image enhancement,
image registration, edge detection, target line extraction, camera calibration and computational measurement, Aiming at the problems
that the traditional scale-invariant feature transform ( SIFT) matching algorithm completely ignores the geometric relationship among
different feature points and is prone to more mismatches when searching for matching feature points in the workpiece images with smooth
gray change, an improved image registration algorithm is proposed, the contour matching is introduced to acquire image geometric
information and constrain the SIFT feature point matching, and the random sample consensus( RANSAC) algorithm is used to remove the
influence of noise point pair and precisely estimate the parameters of geometric transformation array. Aiming at the facts that the existing
Hough transform fitting line algorithm can easily form pseudo—peaks in Hough space for non-linear edges and affect edge detection
accuracy, a new sirategy of spatial voting weight allocation in Hough space is designed to suppress the pseudo—peak generation. The
experiment results show that compared with traditional method, the proposed method improves the accuracy of feature point matching by 12%
and the accuracy of line detection by 22%, and the measurement accuracy of the proposed system reaches 0. 015 mm. Keywords:

machine vision; dimensional measurement; image registration; Hough transform
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Protected Wildlife Monitoring System with
Low Power Consumption Based on NB-IoT

ZHANG Ximin"?, ZHAN Haisheng?, LIU Qiang?,
YUAN Zhanjun', ZHANG Jinbo'
1. School of Iriformation Engineering, Shaanxi Institute of International
Trade & Commerce, Xi’an 712046, Shaanxi China
2. School of Network and Continuing Education, Xidian University,
Xi’an 710071, Shaanxi, China
3. Telecommunication Lab, Shaanxi Electronic Technology Research
Institute, Xi’an 710004, Shaanxi, China

Abstract: A distributed protected wildlife tracking and monitoring system based on NB-
IoT is proposed to realize low power consumption, remote monitoring, customization and
low cost. The key solutions including efficient power management, concurrent communi-
cation processing, and network transparent transmission are given. The system consists of

is BHA: 2021-08-29
ZLWA: EX%}% HARBLEIERTE AR (No. 2021TM-539); MM SR GEB AR BIHIZIBN (No. SSY18TD05)

BEEE: KER, #I%, WRITRTHEAEES] WM S RAX RS . E-mail: zczya@sohu.com


mailto:zczya@sohu.com

Ji%i%

o—df ¢

1)o7 1
YE

ey
= ir= i
¢ f%ﬂﬁtszf‘ﬁ @E?f
I




EHER% B (CIP) 8T

STM32i% A CAL RS TR / Sk B RE. — Wl - i
FRHE K2 A, 2021.5
ISBN 978-7-5647-8907-7

[. DS M. O M. ORFEHIE V.
MDTP368.1

o [ R A P AT CTP B R 4% 77 (2021) 850967675

STM32iE A 2R R
KER F

Ko - i R
AT AR

WRRAT PR
AR —F AR BS9 S i FEEM RSB R4 610051
F T www.uestcp.com.cn
M%HiiE  028-83203399
MERIHL G 028-83201495

B B AFREICRERARAR
ARG 185mm x 260mm
B ik 2425
¥ S2TF
W 20214 AR
BN W 20214E5 7 SE—IKEDRI
B ISBN 978-7-5647-8907-7
#r 89.00JG

RRALERE, BeR



X %
% 4 X
: i N R 3 E .
: 2 N i .
: 9 2 1l I M % O T i :
X & VMMIE( = )Fg 2 B *
X %
% %
X BALARR  CPEARG Gl eF BEREN UL £
P . M
X ¥
X HCEE enkionet AT M Bt s e R REkEAE 6K X
§ b kB 140731405 1409 2%
X Ml 55 6 1l LR (A58, BA ). *
% % X : %
X X
% WAL HM 200 £ LA UH X
X %
o HEME 07 41 BT BHE 202 4 12 g 3f ;g
X )
X %
% X
X &
isk&w&WM%M»‘.\'/-?‘4N&&MN&&M&W&MMM&&&W&M&&&N&W&MW ARV SR RN SR S22 5 N S G I R U R U ST S R I R S R S N

®wEE : FAHH =5 . ETERR SRS RENET AR Eie R T ) HiFE 3 £ER
D2 BE: 0 BB HETE BHESH v HE EXEY 2EE ®3 TR O£28 S5 20~ EE =
s b s sEmiEm w3 FE @
(1 EFERLCHRERERETHEsNE EPENEAE  oommoymes 20200015 10 138 L @@ ®

mE#



F34E FH M & 5 =4k Vol. 34 No. 9
- 160 - JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION 2020 4£9 A

DOL: 10. 13382/ jemi B2002929

BT GRS IR B N 8 AT iR JTis

A
(L. e 76 s 7 57 2

XIER  FEiF

JBH 712046; 2. PR FEE 710300)

O ARSI GAT IR A 8T N TRFEXT N AT AT 2028 X 88 77 iR A B R FH A0 S AR HRTRRAIE » FER 0 T 22 A R o

$ 1 g S AR K S ISR B A 2 [ 8% ( convolutional long short-term deep neural networks, CLDNN) #4717 A B 47 AR 5], FAFH G

RU (T3 n LGN LSTM 45 5 ot i M 48 33 o R F 120 4% 285 40 » R T i BBk i mby 22 22 VRCRRAIE » At 0T 78 430 FH I 1]
JFBAR SN o 8 VR EOHE A A S50 B 12T IR AR L TR G B AR 8RR T LSTM [ T84 PR A £ 0 2% 1 150 1 2200 il i
T2y 3% 71%; A GRU 428708 LSTM BT 5, I A I Rt [ A0 T [0 (1 IR 00 I (] 23 ) R 8 17 14% 70 10% . Soiin]: AR
AT ARG IR IR R R A Y 5%

hE S TP24; TN96 SCHRAR RS A B S AR e 2 R 3 9840 510.51040

CLDNN based human activity recognition method

Wang Lijun' Liu Yanrong' Wang Lijing’

( 1.Shaanxi Institute of International Trade& Commerce, Xianyang 712046, China;
2. Xi”an Shiyou University, Xi”an 710300, China)

Abstract: Traditional machine learning based methods use hand-crafted features in the inertial data to achieve the task of human activity
recognition ( HAR) . However, as these features are normally without abstract high-level knowledge, the recognition rate is thus
limited. Deep learning based methods, on the other hand, can avoid the aforementioned disadvantage by learning high-evel features
through labeled data. In this paper. the convolutional long shortterm deep neural networks ( CLDNN) is adopted for solving the HAR
problem. This network has the features of both the convolutional neural network ( CNN) and the recurrent neural network ( RNN) ,

which can extract features of different levels and can adopt the correlations in time sequences. Moreover, we use the GRU instead of
LSTM as the gated cell of the RNN, which can make the network lighter., Through experiments adopting open source data, we can
show that our method has 3% and 7% better recognition rate than CNN and RNN respectively, the training time and forward
recognition time has decreased by 14% and 10% respectively, if replace the LSTM with GRU cell.

Keywords: human activity recognition; inertial data; deep neural network
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f§ % . An anonymous roaming scheme of mobile Internet was discussed in this paper aiming to improve the
traditional authentication protocol that cannot satisfy the demand of user's identity authentication when the mobile
terminal is roaming in mobile Internet. The authentication server of remote network will complete the identity
legitimacy verification of mobile terminal with the help of the home network authentication server. A temporary
identity is used to prevent user's anonymity protection from being tracked and eavesdropped, as well as other
attacks, which can improve the confidential of user's identity and location considerably. This anonymous roaming
scheme can achieve a high-level of safety efficiently. This will also satisfy thedevelopment of the network
technology.
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An anonymous roaming scheme of mobile Internet was discussed in this paper aiming to improve the traditional authentication
protocol that cannot satisfy the demand of user’s identity authentication when the mobile terminal is roaming in mobile Internet.
The authentication server of remote network will complete the identity legitimacy verification of mobile terminal with the help of
the home network authentication server. A temporary identity is used to prevent user’s anonymity protection from being tracked
and eavesdropped, as well as other attacks, which can improve the confidential of user’s identity and location considerably. This
anonymous roaming scheme can achieve a high-level of safety efficiently. This will also satisfy the development of the network

technology.

1. Introduction

The Internet of Things (IoT) realizes the ubiquitous connec-
tion between Things and Things, and between Things and
people, and realizes the intelligent perception, recognition,
and management of objects and processes. That is, [oT is
an information carrier based on the Internet, which enables
all objects that can be independently addressed to form an
interconnected network.

With the rapid development of information network
technology, the evolution of internet from wireless Internet
to wireless mobile Internet has made the latter a develop-
ment trend of the next generation network. Mobile Internet
has the characteristics of dynamic topology, open link, and
limited bandwidth. However, these features make it easier
to intercept and monitor messages, and the mobile Internet
faces security threats such as eavesdropping and replaying
attacks; so, authenticating through a security portal becomes
the top priority. Also, for IoT, the anonymous roaming
authentication mechanism is a key technology to ensure
communication security.

In the case of authentication server in the mobile Inter-
net, the service is hoped to be provided to the legitimate

users or the completely trusted users. The authentication
protocol enables the authentication server and the mobile
terminal (mobile terminal, MT) to realize a two-way anony-
mous authentication. To ensure the legitimacy of MT iden-
tity, for example, in [1], an anonymous identity
authentication and key agreement scheme for global mobil-
ity network is proposed to realize mutual anonymous
authentication between the two parties. In [2], a wireless
anonymous authentication protocol is proposed to avoid
the risk of using the same key for a long time. In [3], an
identity-based anonymous wireless authentication scheme
is proposed to solve the authentication problem of mobile
users while roaming, and the security and anonymity of
the scheme areanalyzed in detail by using the characteristics
of bilinear pairs and elliptic curves. In [4], to reduce message
flows of traditional anonymous authentication schemes, a
new kind of delegation-based scheme is proposed for wire-
less roaming networks. In [5], an improved secure anony-
mous authentication scheme using shared secret keys
between home agent and foreign agent was proposed. A
broadcast authentication protocol for smart grid communi-
cations was created in [6], and the security of proposed
scheme was proved with the formal method. In 7], an
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ANSTRACT

This article takes the dighal medical Instrument based on the embedded computer system as the
research object, and studles the use requirements and function realisation of the embedded digital
medical instrument. This article focuses on the analysls of the memory and aperation of the embedded
computer system, and analyses the requirements for the use of dightal medical equipment based on
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these characteristics. The Intelligent digital medical Instrument architecture based on embedded
rechnology presents a trend of Individualisation, omnl-directional, thres-dimenslonal, more Intelligent,
and automated In the case of multiple communleation lines coexlsting, The results show that the
embedded operating system digital medical Instrument manages system resources through hardware
and soltware, which can save 35% to 40% of hardware costs. Although the initlal cost Is high, In the long
run, the total medical cost Is greatly reduced, and the patlent's recovery time Is also greatly shortened,

| Introduction

Embedded system has application specificity (Al Maruf and
Azim, 2020), generally can not be applied to multiple
scenarios, bul its stability and cost can be aceepted by users
1o a large extent, For digital medical instruments, embedded
system can be well applied to different occasions, such as
registration system, CT system and so on. These embedded
computer systems are generally used with desktop systems.
In recent years, scholars gencrally study from the
perspective of embedded system information processing.

Dan et al. (2018) use the Ethereum USART protocol to
realise the interaction between different roles fa the medical
embedded system to meet the needs of different users.
Ghosh et al. (2021) use USART protocol and ecess eontrol
mechanism to effectively track the behaviour of data and
cancel the access control authority of malicious entities.
Noda et al. (2018) propose ¢ daia sharing framework based
on embedded system for data sccurity sharing of cloud
service providers, which uses embedded system to realise
access control of sensitive data in the eloud, and keeps
behaviour logs of access nodes 1o ensure subsequent
responsibility authentication. Kollathodi and Palaniappan

(2019) propose o framework combining Etherenom and Abe
to solve the problems of key abuse and privacy data leakage
in centrilised cloud storage  system. Mchalaine  and
Boutekkouk (2020) ‘prepose a  sccure cloud  storage
framework for iecess control based on Ethercum embedded
system technology. The data owner can set the effective
access period of data through the chain USART protocol,
ard track the access control (Mehalaine and Boutekkouk,
2020y,

Juang and Zhang (2019) propose an EMR differential
privacy access control mechanism, which authorises
untrusted third-party users to only have limited data views.
This method not only considers variables such as time and
user characteristics, but also effectively controls the amount
of information to be provided (Juang and Zhang, 2019). For
analysis data containing sensitive information (for example,
epidemiological analysis needs identity analysis to track the
spread of discase), Mhalla et al. (2019) integrate access
control mechanism with embedded system and differential
privacy to achicve data protection. Based on mixcoin,
Mohanty (2018) adopts blind signature for improvement,
which makes the third party node unable to obtain the
information of both operators in the process of currency

206
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DESIGN AND IMPLEMENTATION OF REAL-TIME MIDDLEWARE BASED
ON PUBLISH / SUBSCRIBE MECHANISM

Zheng Pengyi Zhang Zhenguo Yuan Zhanjun

( College of Information and Engineering, Shaanxi Institute of International Trade and Commerce, Xi’ an 712046, Shaanxi , China)

Abstract According to the node distribution, data heterogeneous and task dynamic characteristics of distributed
systems, the functionality and performance of middleware are studied, and a real-time middleware was designed and
implemented based on publish / subscribe mechanism. Adopting the idea of hierarchical design, the construction of
middleware was completed from three aspects of model layer, communication layer and support layer in order to make it
have the function of data synchronization based on distributed object, publish and subscribe communication mechanism
based on Ethernet, Object real-time performance protection mechanism. Experiments showed that the middleware
satisfied the needs of distributed system applications, and ensured that the end—to-end data communication delay was less

than 1 millisecond, which meet the requirements of real-time data distribution in distributed applications.

Keywords Distributed system  Middleware Publish/subscribe Real-time Data synchronization
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Abstract: Background: Middleware has been widely adopted as an efficient approach to facilitate
the development process of large-scale distributed systems. Aithough this approach can achieve
simplified system design and reduced time consumption, it has a strong demand for real-time task
processing and data transmitting. Traditional middleware, which-lacks the real-time performance

guarantee mechanism, cannot be adopted by the distributed systems with strict time restrictions.

Methods: In order to meet the real-time requirements of distributed systems, the functional require-
ments of middleware are studied, and a real-time publish/subscribe middleware is designed and im-
plemented in this paper. A hierarchical design is adopted to build this middleware from a model lay-
er, a communication layer and a support layer. The middieware has the data synchronization on dis-
tributed objects, Ethernet-based publish/subscribe mechanism and the real-time performance guaran-
tee mechanism.

Results: Experiments show that the proposed middleware satisfies the needs of distributed applica-
tions, and ensures that the end-to-end data communication delay is less than 1 millisecond, which
meets the real-time requirements of data transmission in distributed systems.

Conclusion: In this paper, we design and implement a real-time middleware based on the pub-

lish/subscribe mechanism.

Keywords: Real-time middleware, publish/subscribe, distributed system, data communication, strict time restriction, guarantee

mechanism.

1. INTRODUCTION

With the rapid development of computer and communi-
cation technologies, middleware is used more and more
widely in various fields, especially in large-scale distributed
systems. A real-time middieware provides a data communi-
cation platform for network applications, meets the timeli-
ness and correctness of data interaction [1, 2], and offers
uniform communication interfaces for all applications. Using
a real-time middieware, the engineers can pay more attention
to application logics, improving the efficiency of the system
development.

Traditional middleware mainly solves the communication
problems of distributed, heterogeneous, and frequently
changing information systems. They hide the detailed reali-
zation of systems, and provide lots of benefits, such as in-
teroperability, flexibility and reusability [3], for distributed
systems. However, the traditional middleware lack the real-
time performance guarantee mechanism, and cannot be
adopted by applications with strict time restrictions. Mid-
dleware also plays an important role in Internet of Things
(loT) architecture. A middleware for I0T provides an ab-
stract layer located between the underlying networks and the

*Address correspondence to this author at the College of Information and
Engineering, Shaanxi Institute of International Trade and Commerce, Xi’an
712046, Shaanxi, China; Tel/Fax: +86-13609145260;

E-mail: zheng0174@sina.com

2352-0973/19 $58.00+.00

practical applications [4]. It hides the technological details,
provides system designers with a unified view and commu-
nication interface, and enables the developers to make the
application implementation more simple and efficient [5]. A
real-time middleware not only transmits data correctly in a
timely manner, but also reduces the cost of software design.
Real-time middleware is an efficient approach in improving
the reusability, extendibility, maintainability, and time pre-
dictability of applications [6].

In this paper, a real-time middleware based on the pub-
lish/subscribe mechanism is designed and implemented to
meet the real-time requirements of data distribution in dis-
tributed systems. The main contributions of this work are in
two aspects as follows. First, Real Time eXtention (RTX)
operation system is adopted to guarantee the real time per-
formance of data processing and transmission of the mid-
dleware. Second, publish/subscribe mechanism is used to
decouple data producers from data consumers by driving an
abstract data service through the communication nodes [7, 8].
The decoupling of publishers from subscribers allows distrib-
uted systems to improve their scalability for an increasing
number of nodes and geographic distances between them.

The remainder of this paper is organized as follows. The
related work is introduced in Section 2. The functional re-
quirements of real-time publish/subscribe middleware are
analyzed in Section 3. Section 4 describes the process to

© 2019 Bentham Science Publishers
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1. INTRODUCTION

Abstract: Background: With the continuous development of big data, artificial intelligence,
the Internet of things, and blockchain technology, distributed interactive systems have
gradually become the mainstream of computing technologies and applications with the
help of real-time interaction platforms. The real-time interaction platforms provide a data
communication bridge for distributed applications, not only meeting the timeliness and
correctness of data interaction but also providing a unified interface for application devel -
opment. It realizes the plug and play of different functional modules in the distributed sys-
tem and improves development efficiency for system developers.

Objective: According to the characteristics of the large scale, wide range, and complex
running environment of distributed interaction systems, this paper analyzes the function
and performance requirements of the distributed interactive platform and designs and im-
plements a real-time interactive platform named NetDDS based on a publish-subscribe
mechanism.

Methods: Concerning the idea of a layered design, the real-time interactive platform is
constructed from three aspects: distribution service layer, QoS guarantee layer, and data
transmission layer. The platform provides a data synchronization function based on pub-
lish/subscribe mechanism, a configurable QoS guarantee mechanism, and a multi-protocol
data transmission mechanism based on Ethernet, ensuring the real-time correctness and
reliability of data transmission.

Results: Experimental results show that the interactive platform exhibits less delay in mes-
sage update.

Conclusion: This paper proposes a hierarchical architecture, designs and implements a
real-time interaction platform based on publish/subscribe mechanism, and provides a top-
ic-based publish/subscribe model to the application layer. The publisher and subscriber
directly publish and subscribe with data as the center to meet the real-time requirements of
distributed real-time applications.

1

For example, MindSphere, which is a cloud-based open

With the development of computing science, various
technical platforms have emerged one after another, which
has promoted the rapid development of various industries.

*Address correspondence to this author at the College of Information and
Engineering, Shaanxi Institute of International Trade & Commerce, Xi’an
712046, Shaanxi, China; Tel/Fax: +86-13609145260;

E-mail: zheng0174@sina.com

2352-0965/22 $65.00+.00

Internet of things (IOT) operating system [1], can connect
real things with the digital world, thus providing industry-
based high-value applications and digital services. Distribut-
ed systems have gradually become the mainstream of com-

puting technologies and applications. A real-time interactive
platform is one of the key technologies for building distrib-
uted system applications and providing a data communica-
tion bridge for distributed applications. Besides meeting the

© 2022 Bentham Science Publishers
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