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Abstract—Manufacturing  companies  in Northern
Peripheral and Arctic region are predominately small and
medium-sized and face considerable challenges like
geographical isolation and a lack of benefits offered by
industrial clusters. For the ultimate goal of enhancing their
competitiveness in a global market, it is imperative for
companies to innovate or adopt innovations in order to quickly
response to changes in market, meet customer demands, reduce
time-to-market and lower cost. A novel concept for small-scale
intelligent manufacturing systems (SIMS) is introduced, in
which diverse methods and innovative technologies can be
applied and integrated. This paper gives an introduction of
SIMS, defines its design objectives, and summarizes major
relevant tools, techniques and paradigms for the development of
SIMS, to generate a facilitative environment for small and
medium-scale manufacturing enterprises to embrace new and
innovative technologies.
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l. INTRODUCTION

The predominately small and medium-scale enterprises
(SMES) in the thinly dispersed regions of northern peripheral
and arctic (NPA) area, especially in the manufacturing sector,
play an important role and occupy a strategic place in the
socio-economic growth. Despite their high contribution to
regional economy, SMEs face considerable challenges like
inadequate exposure to international environment due to
limitations commonly related to firm size, geographical
isolation, standards/quality, supply chains/logistics, market
opportunities, and technology innovation [1]. In order to
realize the full potential of SMEs, it is imperative to enhance
their capacity to innovate and strengthen their
competitiveness, along with the growing globalization of
markets.

Four main types of a company’s competence needs during
innovation processes are described as: technical/technological
knowledge; strategic/business knowledge; market knowledge;
and internal organizational skills [2]. While the main issue for
SMEs in the service sector is new business strategy - a shift in
ways of doing business, the primary problem faced by small

and medium-scale manufacturing companies has been access
to new technology. The reasons for the low capability of
SMEs to utilize and develop new technology can possibly be:
poor adaptability to changes, desire to avoid risk, lack of
technological information and access to relevant consultancy
services, lack of professionalism regarding both management
and technical personnel, low levels of R&D, etc. [1] To enable
SMEs to overcome the above problems and become new
technology-based firms for establishing their competitive
edge in an international market strongly relies on a conducive
environment based on the formulation of pertinent policies
and programs and with a shift to knowledge economy and a
focus on benefiting from R&D and collaboration.

Fierce competition on a global level and more demanding
customer needs are the driving forces behind a rapid pace of
innovation and changes in market and technology. The
technical/technological innovation is usually in the form of
new products with new technical components or through the
use of new technology in the production process [2]. While
looking into new approaches and essential measures to
support small and medium-sized manufacturing companies
with new technologies and advanced processes, a novel
concept for small-scale intelligent manufacturing systems
(SIMS) is introduced, in which diverse methods and
innovative techniques can be applied and integration at
different levels (among enterprises, systems, components,
methods and technologies, and value networks) is highlighted.
Coupling technological innovation with key management and
marketing skills such as trend analysis and integrating
products into a whole cycle of service delivery will build up
the competitive advantage and improve the value of
manufacturing companies. Overall, the purpose of developing
SIMS is to create a highly integrated, automated and efficient
manufacturing environment for SMEs.

The aim of this paper is to define small-scale intelligent
manufacturing systems for SMEs through identifying its
design objectives and summarize the tools, techniques and
paradigms that can be applied to SIMS for the goal of enabling
small and medium-scale manufacturing enterprises to
embrace the next generation of innovation and technology.
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Il.  INTELLIGENT MANUFACTURING SYSTEM FOR SMES

A highly competitive manufacturing company should be
able to react to changes rapidly and cost-effectively [3]. That
is to say, an efficient manufacturing system should be
designed and implemented to improve the company’s
performance in terms of quick response to customer demands,
reducing time-to-market and lowering costs for production
and product development.

In order to achieve the above goals, manufacturing
systems in future are required to be more accurate, agile, inter-
operable, reconfigurable, and generally intelligent through
continuous innovation [4]. Based on these targets, a design
objective tree for intelligent manufacturing systems (IMS) for
SMEs is created, shown in Fig. 1.

A. Objectives

1) Reliable: The whole manufacturing system should
be reliable above all. It can be divided into two aspects.

a) Accurate: Minimized operating errors occur in the
manufacturing process in an intelligent system.

b) Safe and robust: Device facilities in the system are
capable of preventing theft, explosion and injury to either the
device itself or others. In the growing digital world, theft no
longer refers to only the shift of the device’s geographical
location, it can also refer to the loss of digital data that are
stored in a device.

2) Agile: Quick and effective response to customer
needs and rapid adaptation to unpredictable changes in
market or in regulatory requirements is expected.
Cooperation between the company and its suppliers, partners
and customers should be in a quick-response manner. In a
manufacturing system, it can be backed up and realized by
real-time scheduling, ordering, tracking, control, etc.

3) Flexible: The system can quickly adjust the system
structure, manufacturing processes, material flows and
logistical functions in order to improve the capacity and
functionality of the entire system with a product family.

4)  Reconfigurable: The system should be designed at
the outset to be reconfigurable to allow rapid changes in
machine structures and components and consequently quick
adjustment of production capacity and functionality. Key
characteristics of a changeable (either reconfigurable or
flexible) system are described as follows [3,5]:

a) Modular: All major components are modular, both
hardware and software.

b) Integratable: Modules are designed with interfaces
and components can be integrated quickly and easily. Human
and software and hardware also need to be integrated to work

collectively at various stages of manufacturing process. The
system can also integrate with future introduction of new
technology such that it is upgradable.

c) Customized: Machine and control modules are
capable of providing the exact (no more and no less)
functions needed for specific production, thereby either
reducing cost or meeting customer expectation.

d) Convertible & scalable: The system allows quick
changeover between batches of an existing product and quick
adjustment for future product and production. Scalability is
the counterpart characteristic of convertibility. In a
reconfigurable system, the term convertibility is adopted; and
for a flexible system, scalability is adopted.

e) Diagnosable: The system is designed to be able to
effectively detect and recover from failures that occur in
product quality and production process.

5) Inter-operable: The system consisting of devices with
understandable interfaces should be compatible with devices
outside the system itself and other present or future systems,
with no restricted access and no need to change in the system.
Or that the system (i.e. facilities, devices and products) and
humans can connect and communicate with each other.

6) Automated: The devices in the system can work by
themselves with little or no direct interventions from human
or others, and have control over own actions and internal state.

7) User friendly: An intelligent system demands
minimal human effort. Easy operation and maintenance by
users are desirable, and it should be easy for users to learn to
operate facility.

8) Environment friendly: A green manufacturing
system aims to save energy, reduce wastes of materials, and
produce minimal pollution to the environment.

B. Additional Requirements

Other objectives can be for example: aesthetic design of
components in the system, minimum space occupancy of
facilities, movability of plant for the convenience of after-sale
service, etc. These are considered either less imperative or less
desirable than the above listed objectives.

It should be noted that although the design objectives are
clearly classified, some of the objectives might be closely
related. For instance, a reconfigurable and flexible system
may contribute to agility. Nevertheless, each objective has its
own focal point. Definitions of five types of changeability
related to hierarchical product and production levels,
including reconfigurability, flexibility and agility, can be
found in [6], according to which reconfigurability is an
operational ability, flexibility is a tactical ability, and agility is
a strategic ability.
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Fig. 1. Design objective tree for intelligent manufacturing system for small and medium-scale manufacturing enterprises.
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IIl.  TooLs AND TECHNOLOGIES FOR SIMS

The small and medium-sized manufacturing companies
mostly conduct low and medium-volume production. The
general demand to reduce time-to-market and cost involved in
the entire production process has driven companies to turn to
innovative technologies. Diverse methods have been
continuously developed, and advanced enabling technologies
have frequently emerged to be applied to the entire process
from conceptualization to prototyping to production.

The new concept of small-scale intelligent manufacturing
system is thereby put forward. Intending to improve SMEs’
productivity and organizational efficiency, SIMS as the next
generation of manufacturing systems for SMEs, can be
defined as the integration of the manufacturing enterprise

through the adoption of relevant technologies and integrated
systems coupled with appropriate managerial philosophies in
order to realize optimization through the entire value chain
(referring to the definitions of relevant paradigms mentioned
hereinafter).

An overview of relevant tools, techniques and
technologies for SIMS that can be of great potential for SMEs
is presented in Table 1. Particularly, two major categories,
information and communication technologies and artificial
intelligence techniques, have been developed and used for
decades and revolutionizing the development of IMS. Despite
that they are in some cases mixed, a clear classification is
adopted in this paper.
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A. Information and communication technology

Development on modern information and communication
technology (ICT) has a huge influence on changes of the
manufacturing system. An overall integration of
manufacturing functions from design to delivery is facilitated
through information technology (IT) associated with
information management systems. Several pertinent
technologies under this category are introduced below for
their application to SIMS.

1)  Agent Technology

Agent-based computation is an emerging paradigm of ICT.

An agent is a computational system situated in a dynamic
environment and is capable of autonomous action in changing
circumstances. An agent can make decisions for itself, help in
self-recovery and react to real-time perturbations [7].

The common characteristics of SMEs as business range
focused, and the trend for SMEs to share business interests,
skills and knowledge and collaborate through social
networking, strongly call for an open and dynamic
environment where efficient and effective responses to
changes are expected among more or less independent and
cooperative partners. The development in multi-agent systems
in the domain of distributed artificial intelligence, addresses
the agility, re-configurability, and flexibility requirement, and
presents the advantages of decentralization of control over
distributed and cooperative structures, robustness, modularity,
scalability, diagnosability, customization, autonomy and re-
usability [7,8]. Besides, it is proved by experiments that the
implementation of multi-agent technology in an IMS makes

the operations much more economical and energy-efficient [9].

For detailed reviews about the application of agent technology
in various domains of manufacturing, see in [7,10,11].
Introduction of a similar concept of holonic manufacturing
system can also found.

Agent technology is vital in the globalization context
where the partners are inherently distributed both from
geographical and information processing perspectives.
However, the open-ended design and implementation of
distributed agent-based systems may require high complexity
of the system, and the problems caused by agents cannot be
solved by less human effort. A multi-agent manufacturing
system also requires the inter-operability of a number of
agents and the integration of physical automation devices with
the software control system for industrial applications, which
are still barriers for deployment. An agent-based system also
needs reliable distributed infrastructures and is dependent on
software performance and quality.

2) Cloud Computing

Another compelling paradigm that is rapidly changing the
landscape of ICT is cloud computing. The commonly used
definition of cloud computing is given by the National
Institute of Standards and Technology, see in [12]. The
computing cloud is an autonomous system and provides users
with scalable, flexible and Quality of Service (QoS)
guaranteed computing platforms and enables the delivery of
on-demand computing resources (applications, services, data,

etc.) via a network of remote servers hosted on the Internet
through a service-oriented interface. A cloud computing
system is thus able to get consistent real-time data, adapt to
user needs quickly and eventually gain agility and flexibility
in deploying and customizing manufacturing solutions.

Cloud computing technology is changing the way
enterprises do their businesses in that dynamically scalable
and virtualized resources by supporting new manufacturing
business models such as pay-as-you-go/use and business-to-
business (B2B) solutions for commerce transactions between
partners. Cloud-based solutions can also help integrate and
streamline business processes by moving a traditional
manufacturing process to the cloud networks for improving
operational efficiency and creating a more collaborative work
environment for SMEs. Having a solution hosted and
maintained by experts in secure data centers also means that
SMEs can spend more time on innovation and less on IT.

Nevertheless, security, legal and privacy issues are widely
acknowledged as being important in cloud computing [13].
Besides, the robustness of a cloud infrastructure is determined
by the quality of virtualization, which is the fundamental and
enabling technology for cloud computing. Agent-based cloud
computing is also introduced in [14], which means applying
agent-based approaches to managing cloud computing
infrastructures for high-performance computing.

3) Mobile Technology

One more leading cause of innovation for SMEs’ business
is the recently rising mobile technology. Mobiles devices are
no longer just a consumer gadget. Tablets and smart-phones
together with the Internet are quickly becoming indispensable
tools in manufacturing environments.

Mobile devices due to their advantages of mobility,
portability, availability and affordability, not only allow
operators and managers to stay connected and completely in
control of what happens in the plant at any time and in any
place, enable efficient communication, but also allow to
access information faster from anywhere in the world [15].

The development of the above three technologies and their
integrations are driving a revolution in manufacturing and a
shift in the way SMEs do businesses. With the aid of the
Internet technology, they enable data and information share
among different roles and stakeholders in real time and
facilitate the popularization of e-manufacturing and e-
commerce. Meanwhile, the advent of computer networks and
information technology has also provided promising
opportunities to upgrade manufacturing systems with
intelligent control [16]. An integration of machines and
manufacturing processes with real-time monitoring and
remote control through computer networks has become
imperative.

4)  Remote Monitoring

A remote monitoring system is usually network-based and
combined with other IT tools, e.g. Bluetooth and mobile
devices. Based on a server/client-type computer network [17],
software tools are loaded to client workstations and servers for
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remote monitoring and control. The service providers employ
the tools to effectively handle their clients’ requirements.

Remote monitoring (RM) systems can be designed and
implemented to perform varied tasks, e.g., on-line monitoring
of automated machine tools [17,18], detecting and reporting
problems, remote diagnostics and maintenance of machines,
enterprise internal production management and supply chain
management [19]. Together with relevant IT management
tools, the adoption of remote monitoring technology can help
to automate manufacturing processes and greatly improve
flexibility, responsiveness, and productivity, for that
technicians are able to monitoring multiple client workstations
simultaneously and perform easier maintenance tasks. Via
remote monitoring, the machine equipment can also be linked
directly to the Internet-based e-manufacturing.

Other than mobile technology, agent technology and cloud
services can both be integrated with remote monitoring
systems, allowing direct control and data/service transmission
over applications operating on the system and thus enhancing
the overall system performance.

B. Artificial Intelligence Techniques

The most significant feature of IMS is that it utilizes
artificial intelligence (Al) techniques for manufacturing
activities. The intelligence system performs manufacturing
functions as if human does. Computer as a current essential
device, can not only perform the respective functions but also
make information systems capable of integrating
manufacturing functions.

1) Computer-Aided Systems

Tools such as systems of computer-aid design (CAD),
computer-aided manufacturing (CAM), computer-aided
engineering (CAE), computer-integrated manufacturing
(CIM), computer-aided process planning (CAPP) and
computer-aided quality control (CAQC) have been constantly
developed and improved. Effective utilization of computer
systems in manufacturing has improved efficiency of
manufacturing through increasing productivity and quality as
well as flexibility and decreasing lead times, work in process
inventories and costs, and thus brought huge benefits [20].

2)  Numerical Control Machines and Robots

One of the most widely known Al techniques is probably
robotics. Increasing applications of mobile robots and
numerical controlled (NC) machine tools with computers as
an integral part of their control, highly supports the
development of intelligent manufacturing systems with high
flexibility and autonomy and reduces the workload of human
labors. In modern CNC systems, component design is highly
automated using CAD/CAM systems. Dimensional errors and
lack of standardized performance evaluation procedure as
some potential problems that might occur when adopting
robotic machining technology, discussed in [21].

To make computer systems more intelligently requires
advanced computing technology. A lot of methodologies have
been developed to achieve artificial intelligence, such as
expert systems, artificial neural networks, genetic algorithms,

fuzz logic, graph theory, holon philosophy, intelligent agents,
just to name a few [20,22].

3) Virtual Reality

Virtual reality (VR) is a novel digital technology which is
often regarded as a natural extension to 3D computer graphics
with advanced input and output devices [23]. VR technology
allows a user to step through the computer screen into a
simulated three-dimensional (3D) world. An artificial
environment is created in which human user can look at, move
around, and interact with the environment as if it is real.

One of the most highlighted applications is that virtual
reality can assist with the integration of 3D design and
manufacturing tools, e.g. facilitating the design of a product,
allowing 3D assembly evaluation. The integration of VR
technology with software systems for engineering, design, and
manufacturing will boost to the field of computer-aided
engineering (CAE) [23]. More applications of virtual reality
in manufacturing areas and benefits from the applications are
discussed in [24]. Concepts of virtual prototyping (VP),
virtual assembly (VA), and virtual manufacturing (VM) are
also introduced in [23,25]. A virtual prototyping system that
integrates virtual reality with rapid prototyping (RP) to create
virtual or digital prototypes to facilitate product development
is described in [25].

VR can be a powerful tool for testing and evaluating new
products and ideas before being employed in practical
manufacturing, preventing costly mistakes, decreasing time to
market, and meanwhile increasing worker safety. However,
widespread use and acceptance of virtual reality will require
devices and software with higher quality and lower cost.

C. Others

1) Rapid Prototyping and Manufacturing

Additive manufacturing (AM) is defined as the “process
of joining materials to make objects from 3D model data,
usually layer upon layer” [26,27]. AM technology opens up
the possibility of rapid prototyping, rapid tooling and rapid
manufacturing. Relevant techniques include 3D printing,
stereolithography apparatus (SLA), selective laser sintering
(SLS), fused deposition modeling (FDM), laminated object
manufacturing (LOM), ballistic particle manufacturing
(BPM), solid ground curing (SGC), etc. Based on the principle
of additive machining, these AM techniques make it possible
to construct components with complex geometries by means
that are not easy to produce using conventional removal
machining methods.

Rapid prototyping and manufacturing (RP&M) building
on AM techniques have shown a high potential to
substantially reduce the cycle time and cost of product
development by quickly creating 3D prototypes or products.
In addition, RP&M significantly improve the flexibility for
manufacturing small batch size products and a variety of types
of products and also increase a product’s functionality [27,28].
Furthermore, due to the capability of AM to realize optimized
design and construct complex geometries, RP&M enables
environmental friendly product design and manufacturing
through eliminating waste and reducing the amount of energy,
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fuel, or natural resources required for operation [27].
Application areas of RP&M can be found in [28].

2) 3D Measurement and Inspection

Precision inspection has been widely used in
manufacturing to measure the dimensional accuracy of parts
and products in order to meet the quality requirements,
especially for parts/products with free-form and complex
surfaces [29]. A useful tool in the areas of performing 3D
measurement and inspection is 3D scanner. The analytical
technology of 3D laser scanning can also be applied to RP&M
and reverse engineering, in addition to production-related
quality control.

A 3D scanner can be integrated into an automated
measuring cell (e.g. controlled by robots) in order to perform
automated measurement and inspection, which is mainly
available for small to medium parts and components.
Removing/reducing manual operations from the measurement
process and being able to measure parts repeatedly and
quickly undoubtedly help to increase accuracy and efficiency
[30,31,32].

3) Reverse Engineering

Reverse engineering (RE) is a process of measuring,
analyzing, and testing to reconstruct the mirror image of an
object or retrieve a past event [33]. RE is practiced by
manufacturers primarily in support of design and product
development, bringing substantial business benefits in
shortening the product development cycle, reducing the
production period and costs. Starting with a finished product
or an existing part without available design data, engineers
work backward to discover the underlying techniques and
reproduce the original model, often digitized in a CAD
environment where modifications can be made for
improvement [33,34].

RE is a highly knowledge-based technology of reinvention
and needs highly skilled engineers and technicians. This
manner is primarily adopted by large companies in the mature
industries of aviation and automobile. Today more and more
emerging technologies (e.g. 3D scanning) and the extensive
use of CAD/CAM/CAE systems are making reverse
engineering easier and more accurate. RE is becoming widely
used in the application areas such as mechanical industry,
consumer electronics industry, software and IT industries,
medical device industries, etc. [34]

Reverse engineering should integrate the legal, ethical,
economic, environmental, and other realistic constraints into
consideration. Adequate legal acceptance of RE is crucial for
further discovering technical and social benefits [34].

4)  Reconfigurable Machine Tools

A reconfigurable manufacturing system (RMS) is
introduced in [3,5], with comparison to dedicated
manufacturing lines and flexible manufacturing systems.
CNC machines and reconfigurable machine tools (RMT) are
the main components of RMS [3]. RMT is a modular machine
with a changeable structure that allows adjustment of its
resources, and eventually allows changes in customer demand

volume and variety of products. RMT is economical for
medium-volume production, highly variant in production line,
and can fill the gap between dedicated machine tools and CNC
techniques. To make RMT possible to use, enablers like
interface standards, comprehensive software and an open-
architecture controller system are needed.

IV. APPLICATIONS

The application domains of all the diverse methods and
technologies into manufacturing can be varied, e.g.,
engineering design, prototyping, material handling, process
planning, production planning, scheduling and resource
allocation, process control, monitoring and diagnosis,
assembly, enterprise integration, execution control, quality
and operations management, supply chain management, life-
cycle management, etc. These are combined into four major
areas: (1) design, (2) planning, (3) production, and (4) system
level activities [22]. A hierarchical framework of detailed
manufacturing functions at four levels can be found in [20]. In
this paper, a circular framework of detailed manufacturing
activities is proposed for SIMS. The whole framework can be
divided into five groups:

1) Core: The elements of human, facilities including
computer and networks, information and communication
makes up the core part of SIMS.

2) Inner circle: The activities in this circle (grey) are
mainly from the perspective of material flow, from
procurement logistics (e.g. raw materials procurement from
the supplier market and delivery), material requirement
planning (or manufacturing resource planning), to material
handling and processing. Internal manufacturing logistics in
the manufacturing process and inventory storage, both in
terms of materials and products are also included in this circle.

3) Outer circle: This circle (white) is from the
generalized perspective of products, from product design
according to customer demands and feedback, product
prototype testing and optimization, process planning,
manufacturing process (including part production, inspection,
and assembly), to distribution logistics (e.g. finished product
sales and distribution to the customer market).

4) Arrowed cycle: The outer cycle with arrows
supplements corresponding control and management
activities at the system level, such as material flow control,
production activity control, quality control, inventory control,
their supporting management systems (e.g. total quality
management and continuous improvement), logistics and
supply chain management, and other business activities in the
life cycle (e.g. capacity/demand management, information/
knowledge management, operations/waste management, sales
and marketing, enterprise integration and collaboration, etc).

5) Outermost: The aforementioned tools and
technologies are listed according to their application areas.

In order to fully utilize these new technologies in IMS,
several technologies are often integrated together leading to
the emerging of diverse concepts and new paradigms. The
integration of advanced technologies such as CAD/CAM,
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CNC, robots, and automated material handling systems, forms
a computer-integrated manufacturing (CIM) system where
computer plays an integral role. Today computers are also
extensively involved in business management activities such
as enterprise resource planning, customer satisfaction
evaluation, and quality management and improvement.

A new manufacturing paradigm called direct digital
manufacturing (DDM) is introduced in [35], with comparison
to craft production, mass production and mass customization.
Different from CIM, the development of DDM is greatly
attributed to both the RP&M technology and the technological
breakthrough of computer and information technology. As
defined in [35], DDM is an interconnection of additive
manufacturing equipment, computers through a network (e.g.

1,
ﬁec;,-o o
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Internet and servers) and computer software. The integrating
systems of CAD/CAM and RP&M highly improve the
capability of rapid product development.

The engineering design is mainly supported by 3D CAD
modeling using parametric modeling techniques, CAE for
simulation and analysis, and CAM for NC simulation,
allowing the optimization of product manufacturing [34,36].
The virtual techniques and rapid prototyping technologies
facilitate the validation of design concept via simulation and
prototyping. Automation is the primary advantage of
implementing industrial robots and CNC machine tools,
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which subsequently leads to other benefits, such as speedy
production, cost savings, easy operation, and free
manufacturing of complex geometric design [33].
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Fig. 2. Activity components of small-scale intelligent manufacturing system and applications of supporting tools and technologies.

While stimulated and enabled by computers and modern
digital and automation technology, both DDM and CIM support
low-medium volume production and make the manufacturing
industry capable to provide rapid response to the changing needs
of customers. SMEs rely on these digital approaches and
advanced manufacturing technologies and the integration of
design with construction and production through the use of 3D
modeling software and additive or subtractive manufacturing
processes. Meanwhile, the advent of computer networks and
information and communication technology has offered
promising opportunities to upgrade manufacturing systems with

intelligent controls and change business processes and
management styles.

Due to the rapid development of IT, another emerging
paradigm named Industry 4.0 is on the way to bring new
industrial revolution. In such a global manufacturing
environment, the system is vertically networked with business
processes within enterprises and horizontally connected to
disperse partner networks across the entire value chain that can
be managed in real time [37]. The Cyber-Physical Systems (CPS)
comprise smart machines, storage systems and production
facilities capable of autonomous actions and control, while the
Internet of Things (loT) significantly adds intelligence to
communication networks [38]. Other enabling technologies
such as mobile technology, cloud computing, big data analytics,
virtual reality, additive manufacturing or 3D printing, and
industrial robots can be drawn together to increase productivity,
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quality, flexibility and agility within the manufacturing industry
and facilitate global manufacturing via the Internet [25,39].

All these new and promising paradigms contribute to the
shaping of SIMS. Manufacturing businesses nowadays become
increasingly IT-reliant, globalized, distributed and agile-
demanding [12]. In order to survive in this rapidly changing
manufacturing environment, SMEs should keep up with these
trends and have to be more and more competitive across the
entire range of business functions such as marketing and sales,
not merely within product design and manufacturing.

V. CONCLUSIONS

Facing intense competition in the global market, the
manufacturing industry is forced to compete effectively by
reducing time to market and cost while assuring high quality
products preferably with desired features. Agility has become
the key to survival and success in businesses and strengthening
customer relationships. Meanwhile, advances in technology
have blurred the boundaries between the physical and digital
worlds. Under this Industry 4.0 environment, SMEs are also
driven to actively seek innovative solutions in order to attain the
competitive edge.

The novel concept of small-scale intelligent manufacturing
system was put forward in this paper. Several pertinent and
promising manufacturing technigues and enabling technologies
were discussed. Each of them has particular features and might
suit different types of manufacturing enterprises. Further study
can focus on developing an approach to select the most suitable
and cost-effective tools in the purpose of providing suggestions
to SMEs. Some present problems and research issues on each
technology were also mentioned, indicating that the future
development of SIMS relies on the research and development
(R&D) of these technologies to maximize their potential
capacities on time and cost savings.

As a result of applications, SIMS will be highly integrated,
automated and flexible, and allow timely response to increasing
customer demands for quick delivery of orders thus to achieve
the highlighted property of agility. Moreover, SIMS will become
more networked, digital, and knowledge-based. It is expected
that SIMS will bring new opportunities and advantages to fulfill
the potential of SMEs in creating economic, social, and
environmental impact.
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