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A booming global economy and demand for customized
products has led to a buyers’ market outweighing a sellers’
market in the manufacturing industry. This means that a
deeper conversion towards manufacturing structures to han-
dle the increasing production complexity should be studied.
With an increased adoption of the Internet of Things (IoT) and
Cyber-Physical Systems (CPS), realization of smart factory
will become possible. The smart factory can provide a solu-
tion for handling the complexity through the establishment of
intelligent products and production processes.

The smart factory, which is vital in Industry 4.0, will make
interactions between humans, machines and products become
a highly competitive area for market capitalization. Although
various system technologies and architectures have emerged
over the past few years, the smart factory still faces many
challenges. These challenges include structural, operational,
and managerial independence of the shop floor and enterprise
constituent systems; interoperability; plug and play; self-
adaptation; reliability; energy-awareness; high-level cross-
layer integration and cooperation; event propagation and
management; and industrial big data analysis. To meet the
challenges, improvements in the areas of standardized com-
munication mechanism, efficient monitoring, effective and
flexible manufacturing resource management, transparent
data processing, better system scalability, and reconfigura-
tion are required, in addition to new concepts and design
approaches.

This Special Section in IEEE ACCESS mainly focuses on
the key technologies for the smart factory of Industry 4.0, e.g.,
industrial wireless network, industrial SDN, and industrial
cloud rather than all of the domains of Industry 4.0. It brings
together academic and industrial researchers for identifying
and discussing technical challenges and recent results related
to the smart factory of Industry 4.0. Since the next industrial
revolution is still in its early days, and a large part of the
potential for value creation is still untapped, the key technolo-
gies for the smart factory must be discussed and studied to
achieve the economic goals pursued by the markets. There-
fore, the topics considered in this Special Section discuss the
analytical capabilities required to capture the full potential of
the smart factory, ranging from embedded systems already
existing in the bottom layer to some cloud techniques that
have not yet been used in the top layer.

Our call for papers received an enthusiastic response with
many high-quality submissions. Per IEEE ACCESS policy, all
articles were reviewed by at least two independent reviewers.
The articles were evaluated for their rigor and quality, as well
as for their relevance to the theme of our Special Section.
We chose cutting-edge articles that involved innovation and
practicality for the smart factory of Industry 4.0. After a strict
review process, we accepted 26 articles to form the Special
Section. A brief description of these articles is given in the
following.

(1) In the article ‘‘AMulti-PerspectiveMethod for Analysis
of Cooperative Behaviors Among Industrial Devices of Smart
Factory,’’ Ren, et al., proposed a multi-perspective method.
The method was used for providing a thorough analysis of
cooperative behaviors from the macroscopic and microscopic
perspectives to ensure temporal correctness of cooperative
behaviors.

(2) The article, ‘‘Frequency-Tracking Clock Servo
for Time Synchronization in Networked Motion Control
Systems,’’ authored by Chen, et al., presented a frequency-
tracking clock servo (FTCS) to adjust the local clock to
synchronize with the reference clock. The presented FTCS
could rapidly lock onto the reference frequency and fully
compensate the offset within a single synchronizing cycle.

(3) Although copy-move forgery is one of the most com-
mon fabrication techniques, blind detection of such tamper-
ing in digital audio remains mostly unexplored. To solve
the problem, in the article, ‘‘Blind Detection of Copy-Move
Forgery in Digital Audio Forensics,’’ Imran et al., proposed
a novel method for blind detection and localization of copy-
move forgery. A voice activity detection (VAD) module was
designed for investigating audio recordings to detect and
localize the forgery.

(4) The article, ‘‘Locality-Aware Replacement Algorithm
in Flash Memory to Optimize Cloud Computing for Smart
Factory of Industry 4.0,’’ authored by He, et al., studied
the flash buffer and its replacement policies to address
the drawbacks of flash memory. In addition, a locality-
aware least recently used (LLRU) replacement algorithm,
which exploited both access and locality characteristics, was
presented.

(5) The article, ‘‘Industrial Big Data Analysis in Smart
Factory: Current Status and Research Strategies,’’ authored
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by Xu, et al., summarized and analyzed the current status of
domestic and international research. Based on the research
status and problems, research strategies including acquisition
schemes of industrial big data under the environment of
intelligent, ontology modeling and deduction method-based
intelligent product lines, predictive diagnostic methods on
production lines based on deep neural network, etc., were
proposed.

(6) In the article, ‘‘Model-Based Development of
Knowledge-Driven Self-Reconfigurable Machine Control
Systems,’’ Zhou, et al., proposed the combination of model-
driven and knowledge-driven engineering during the develop-
ment process of self-reconfigurable machine control systems.
The complete tool chain for model development, execution,
and reconfiguration was established.

(7) In the article, ‘‘Digital Twin Shop-Floor: A New
Shop-Floor Paradigm Towards Smart Manufacturing,’’
Tao, et al., explored a novel concept of digital twin shop-
floor (DTS) based on digital twin. This concept addressed the
problem of converging the manufacturing physical world and
the virtual world. The authors discussed the four key com-
ponents of the DTS, including physical shop-floor, virtual
shop-floor, shop-floor service system, and shop-floor digital
twin data.

(8) The article, ‘‘CASOA: An Architecture for Agent-
BasedManufacturing System in the Context of Industry 4.0,’’
authored by Tang, et al., gave an overview of agent-based
architectures for manufacturing systems. A cloud-assisted
self-organized architecture was also presented by comprising
smart agents and cloud to communicate and negotiate through
networks. Furthermore, the agents’ interaction behavior was
modeled to structure the agents hierarchically for reducing
the complexity.

(9) In the article, ‘‘Image Processing of Aluminum Alloy
Weld Pool for Robotic VPPAW Based on Visual Sensing,’’
Jiang, et al., proposed an image processing method to extract
the characteristics of weld pool width through Labview
vision module. The method included reversing, local thresh-
old determination based on variance within a group, fast
Fourier transform low-pass truncate filtering and advanced
morphological operations for particles.

(10) The article, ‘‘A Block Recognition System
Constructed by Using a Novel Projection Algorithm and
Convolution Neural Networks,’’ authored by Chou, et al.,
developed a block recognition system, named e-Block using
a novel projection algorithm and the convolution neural
networks (CNN). The constructed CNN classifier could accu-
rately recognize whether an assembled object was identical
to a target object and outperform the compared classification
algorithms.

(11) In the article ‘‘Analysis of Correlation Between
Secondary PM2.5 and Factory Pollution Sources by Using
ANN and the Correlation Coefficient,’’ Chang, et al., stud-
ied the correlation of factory air pollution source data and
stock farming data. The annual mean PM2.5 concentration
of air monitoring stations near the farms was used as the air

pollution source data. The authors used Tensorflow to build
an artificial neural network (ANN) to examine the correlation
between stock farming data and pollution sources emitted
from factories.

(12) In the article ‘‘A Digital Twin-Based Approach
for Designing and Multi-Objective Optimization of Hollow
Glass Production Line,’’ Zhang, et al., presented a digital
twin-based approach for rapid individualized designing of the
hollow glass production line. An authoritative digital design
of the system and a digital twin-based analytical decoupling
framework were developed in the approach.

(13) In the article ‘‘An Integrated Industrial Ethernet Solu-
tion for the Implementation of Smart Factory,’’ Wang, et al.,
presented a cloud-centric framework for the implementation
of the smart factory. Based on this framework, three high level
protocols, EtherCAT, DDS, and OPC UA were selected to
implement machine network (controller to sensors/actuators
communication), machine to machine communication, and
machine to cloud communication, respectively, to satisfy
diverse communication requirements of the smart factory.

(14) The article, ‘‘Research and Implementation of ECG-
Based Biological Recognition Parallelization,’’ authored by
Miao, et al., put forward a fiducial and non-fiducial mixed
feature extraction method, which could effectively complete
the multidimensional feature modeling of ECG signals and
provide robust recognition. In addition, this paper proposed a
linear discriminant analysis (LDA) based onmultiple features
(LOMF) algorithm using ECG mixed features to solve the
time-overhead problem of big data training.

(15) The article, ‘‘Simulation of Switched Reluctance
Motor Drive System Based on Multi-Physics Modeling
Method,’’ authored by Ling, et al., proposed a multi-physics
modeling of a switched reluctance motor (SRM) drive sys-
tem. The proposed framework included a 2-D finite element
model to simulate the magnetic field characteristics, and a
multi-physics mechatronic model to simulate electric field
and controller properties of the SRM.

(16) In the article ‘‘A Cloud-Based System for Improv-
ing Retention Marketing Loyalty Programs in Industry 4.0:
A Study on Big Data Storage Implications,’’ Galletta, et al.,
proposed cloud-based software as a service architecture. The
architecture stores and analyzes big data related to purchases
and products’ ranks for providing customers a list of recom-
mended products.

(17) To minimize the overall cost of a company in a
heterogeneous cloud environment, including multiple pub-
lic clouds, while at the same time ensuring a proper level
of quality-of-service, task placement across multiple public
clouds is a critical problem. This problem requires taking
into consideration task deadlines and long-haul data trans-
mission costs between the smart factory and different clouds.
The article ‘‘Task Placement Across Multiple Public Clouds
With Deadline Constraints for Smart Factory,’’ authored by
Li, et al., formulated this task placement problem as an
integer linear program (ILP) to minimize company cost under
the task deadline constraint.
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(18) The article, ‘‘Distributed Dynamic Scheduling for
Cyber-Physical Production Systems Based on a Multi-Agent
System,’’ authored by Jiang, et al., focused on distributed
optimal scheduling based on multi-agent systems. A two-
layer decision model, the dynamic decision cycle, the mul-
tistage negotiation mechanism, and a rescheduling algorithm
were designed.

(19) In the article ‘‘Smart Factory of Industry 4.0:
Key Technologies, Application Case, and Challenges,’’
Chen, et al., proposed a hierarchical architecture of the smart
factory. The key technologies were analyzed from the aspects
of the physical resource layer, the network layer and the data
application layer. In addition, the major issues and poten-
tial solutions to key emerging technologies embedded in
the manufacturing process, such as IoT, big data and cloud
computing, were discussed.

(20) Resource failures frequently occur in a smart man-
ufacturing information system (SMIS), which significantly
impacts the robustness of the system. To solve this problem,
the article ‘‘Robustness of Smart Manufacturing Information
Systems Under Conditions of Resource Failure: A Complex
Network Perspective,’’ authored by Song, et al., developed a
fresh methodology for analyzing the robustness of an SMIS
suffering from resource failures.

(21) In the article, ‘‘Exploiting Industrial Big Data Strategy
for Load Balancing in IndustrialWirelessMobile Networks,’’
using an IBD technique, Li, et al., proposed a novel second-
deployment and sleep-scheduling strategy (SDSS) for balanc-
ing load and increasing energy efficiency, while taking the
dynamic nature of the network into consideration.

(22) The article, ‘‘Entity-Based Language Model Smooth-
ingApproach for Smart Search,’’ authored by Zhao, et al., pro-
posed an entity-based language model smoothing approach
for smart search. The approach used semantic correlation and
took entities as bridges to build the entity semantic language
model using a knowledge base.

(23) Considering the disadvantages of conventional fault
diagnosis methods for rotating machinery, such as low effi-
ciency and low accuracy, the article ‘‘Fault Diagnosis of Rota-
tionMachinery Based on Support Vector Machine Optimized
by Quantum Genetic Algorithm,’’ authored by Zhu, et al.,
proposed a fault diagnosis method. The method was based
on support vector machine (SVM) optimized by quantum
genetic algorithm (QGA).

(24) In the article ‘‘IPv6-Based Architecture of Commu-
nity Medical Internet of Things,’’ Liu, et al., proposed a
CommunityMedical Internet of Things (CMIoT) architecture
with the assistance of the communication auxiliary gateway
and designed a simplified protocol message format under
the premise of satisfying the functional requirements. At the
same time, the CMIoT architecture model was built based on
the Ptolemy II modeling environment and implemented in a
community to prove its effectiveness.

(25) The article, ‘‘Precise Clock Synchronization in
High Performance Wireless Communication for Time Sen-
sitive Networking,’’ authored by Shrestha, et al., proposed

an enhanced precision time protocol (PTP). The protocol
enabled precise clock synchronization between the nodes
within an industrial wireless sensor network deployed for
critical control and automation applications.

(26) In the article ‘‘Narrow Band Internet of Things,’’
Chen, et al., reviewed the background and state-of-the-art of
the narrow-band Internet of Things (NB-IoT). The general
background, development history, standardization, features,
basic theories and key technologies of the NB-IoT were
discussed. A comprehensive overview was provided, which
can help readers to clearly understand the scientific problems
and future research directions of the NB-IoT.

In the end, we sincerely thank all the authors for sub-
mitting their research work to our Special Section. We also
appreciate the contribution of all the reviewers who partici-
pated in the review process and provided valuable suggestions
to the authors for improving the contents of the articles.
In particular, we would also like to thank the former IEEE
ACCESS Editor-in-Chief, Professor Michael Pecht, and other
staff members of IEEE ACCESS for their continuous support
and helpful guidance.
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