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This month we highlight two articles from IISE Transactions. The ﬁrst article provides a literature review on internet of
things (IoT) in smart manufacturing systems. The paper discusses various aspects of IoT in manufacturing, including
the evolution from hard-wired computer networks through human networks to the new era of smart and connected
networks of manufacturing “things” that integrates cloud computing, virtual reality and big data analytics. A case study is
also presented to illustrate the effectiveness of IoT to help manufacturing performance improvement. The second article
studies how to predict the remaining useful life of a system with multiple sensing signals. The authors propose a new
concept named as “failure surface” to deﬁne system failure, and further use a classiﬁcation method to learn the failure
surface. One advantage of the proposed method is its ﬂexibility in considering complicated relationships among multiple
sensors and also in handling asynchronous signals. These articles will appear in the November 2019 issue of IISE
Transactions (Volume 51, No. 11).

Internet of things, analytics
usher in new generation
of smart manufacturing
The manufacturing sector has a large
footprint in the U.S. economy. To
achieve competitive advantage in the
global market, modern industries are
investing in new technologies like the
internet of things (IoT), big data analytics, cloud computing and cybersecurity.
IoT helps a large number of entities in
manufacturing, “things,” to communicate and exchange data. Here, manufacturing “things” often refers to materials,
sensors, actuators, controllers, robots,
human operators, machines, products
and material handling equipment, to
name a few.
The internet-based IoT infrastructure
provides an unprecedented opportunity
to link manufacturing “things,” services
and applications so as to achieve effective
digital integration of the entire manufacturing enterprise.
However, large-scale IoT sensing
leads to the proliferation of big data from
manufacturing systems in the physical
world. The challenges facing manu-
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facturing researchers are how to reﬂect
physical manufacturing in cyberspace
through data-driven information processing, knowledge representation and
modeling, and how to exploit the useful
information and knowledge extracted
from data to improve the performance of
manufacturing operations in the physical world. Indeed, smart manufacturing
depends to a great extent on data-driven
innovations to realize the seamless integration of cyber and physical spaces.
These issues are discussed in the paper
“Internet of Things for Smart Manufacturing: A Review” by professors
Hui Yang and Soundar Kumara of The
Pennsylvania State University, Satish
Bukkapatnam of Texas A&M University and Fugee Tsung of Hong Kong
University of Science and Technol-

ogy. This paper discusses the evolution
from hard-wired computer networks
through human networks (e.g., Facebook, LinkedIn, Twitter) to the new
era of smart and connected networks of
manufacturing “things.” This trend is
integrated with rapid advances in cloud
computing, virtual reality and big data
analytics to provide a new paradigm for
smart manufacturing. This paradigm is a
necessary foundation for building artiﬁcial intelligence-based futuristic manufacturing systems.
The team presented a case study in
leveraging IoT and distributed computing to develop new network models for
machine information processing and
condition monitoring. Each machine is
represented in cyberspace as a node of
a large-scale network where node at-

tributes are derived from machine signatures. Edges depend on the machineto-machine interactions or, to be more
speciﬁc, material, energy and information exchange between nodes. Dynamic
network models help to extract useful
information from machines (e.g., utilization, power use and degradation
condition), thereby optimizing manufacturing planning, process control and
maintenance decisions.
Further, this paper discusses the IoT
cybersecurity issues that are of paramount importance to businesses and operations, as well as IoT and smart manufacturing policies by governments across
the world. The team hopes this paper
will help increase more in-depth investigations to usher in a new generation of
smart manufacturing for strong business
and economic growth.
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Predicting remaining useful
life of engineering systems
based on data analysis of
multiple sensor signals
Degradation is inevitable in engineering systems and may lead to catastrophic failure. To monitor the degradation
process, it is a common practice to
deploy multiple sensors to collect heterogeneous signals from engineering
systems.
For example, nowadays hundreds
or even thousands of sensors are deployed in an aircraft engine to simultaneously monitor performance in real
time. By analyzing the collected sensor signals, the remaining useful life of
the systems can be predicted and then
maintenance actions can be appropriately scheduled to improve the system
performance and avoid sudden failure.
As each sensor signal only measures
a certain characteristic of the system
status, this leads to signiﬁcant challenges such as heterogeneous data
types, different signal-to-noise ratios,

complex sensor relationships and distinct data acquisition rates. Therefore,
the key problem of multisensor degradation modeling is how to develop a
generic methodology that
effectively identiﬁes and
fuses the useful information from multiple sensor
signals to obtain a more
accurate estimation of the
degradation status.
In the paper “A Generic
Framework for Multisensor Degradation Modeling based on Supervised
Classiﬁcation and Failure
Surface,” doctoral student
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