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Abstract—Design and operation of a manufacturing enterprise
involve numerous types of decision-making at various levels and
domains. A complex system has a large number of design variables
and decision-making requires real-time data collected from ma-
chines, processes, and business environments. Enterprise systems
(ESs) are used to support data acquisition, communication, and all
decision-making activities. Therefore, information technology (IT)
infrastructure for data acquisition and sharing affects the perfor-
mance of an ES greatly. Our objective is to investigate the impact of
emerging Internet of Things (IoT) on ESs in modern manufactur-
ing. To achieve this objective, the evolution of manufacturing
system paradigms is discussed to identify the requirements of
decision support systems in dynamic and distributed environments;
recent advances in IT are overviewed and associated with next-
generation manufacturing paradigms; and the relation of IT infra-
structure and ESs is explored to identify the technological gaps in
adopting IoT as an IT infrastructure of ESs. The future research
directions in this area are discussed.

Index Terms—Enterprise modeling, enterprise systems (ESs),
Internet of Things (IoT), literature review, manufacturing
enterprise, system paradigms.

I. INTRODUCTION

M
ANUFACTURING is woven into economy and society.

For example, manufacturing took 12% of gross domes-

tic product (GDP) and 11% of workforce in the Unites States in

2011 [27]. Moreover, the significance of manufacturing is far

beyond the scope these numbers represent. For example, the

manufacturing sector in the U.S. used to take 19% of GDP and

30% of workforce in the 1950’s [53]; however, this percentage

has been shrinking continually for several decades. More en-

terprises have relocated their facilities to developing countries

and it has shown that the manufacturing industry in the U.S. is

still in recession [24], [75]. Therefore, identifying new drivers to

boost manufacturing is crucial to regain the leading position in

manufacturing.

The advance of manufacturing technologies relates closely to

information technologies (ITs). Since design and operation of a

manufacturing systemneeds numerous types of decision-making

at all of its levels and domains of business activities, prompt and

effective decisions not only depend on reasoning techniques, but

also on the quality and quantity of data [26]. Everymajor shifting

of manufacturing paradigm has been supported by the advance-

ment of IT. For example, the widely adoption of computer

numerical control (CNC) and industrial robots made flexible

manufacturing systems (FMSs) feasible; the technologies for

computer-aided design (CAD), computer-aided manufacturing

(CAM), and computer-aided processing planning (CAPP) made

computer integrated manufacturing (CIM) practical. In develop-

ing their ESs, more and more enterprises rely on the professional

providers of IT software service to replace or advance their

conventional systems [56]. Therefore, it makes sense to examine

the evolution of the IT infrastructure and evaluate its impact on

the evolution of manufacturing paradigms, when a new IT

becomes influential.

We are motivated to investigate the impact of IoT on system

paradigms, when IoT can be applied in modern manufacturing

enterprises. To achieve this objective, both the evolutions of

manufacturing paradigms and IT are discussed. Their relations

are explored to identify the priorities of the subjects of research

and development. In Section II, the evolution of manufacturing

system paradigms is introduced and the focuses are enabling

technologies for ESs. In Section III, the IT development is

discussed; its impact on manufacturing technologies has been

discussed. In Section IV, the progress of emerging IoT is

introduced, and some potential issues related to its application

of ESs in modern manufacturing are explored. In Section V, the

reported work is summarized and future research activities of

adopting IoT in ESs of modern manufacturing are discussed.

II. EVOLUTION OF ESS

A manufacturing system is to produce value-added goods via

various manufacturing resources such as machines, tools, and

labors. Design and operation of amanufacturing system involves

numerous types of decision-making at all levels and domains of

manufacturing activities. System components and their relations

can be represented by enterprise architecture [7]–[9], which will

be discussed further in Section II-B. In any system or sub-system,

a decision-making process can be depicted as a series of design

activities:

1) defining the scope and boundary of a design problem and

its objective;

2) establishing relational models among inputs, and outputs,

and system parameters;
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