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Abstract—Today, a new era of manufacturing innovation is 

introduced as Smart Manufacturing Systems (SMS) or Industry 

4.0. Many studies have discussed the different characteristics and 

technologies associated with SMS, however, little attention has 

been devoted to study the development process when establishing 

new SMS. The study’s objective is to propose a development 

framework that increases the adoption and awareness of 

Industry 4.0 among manufacturers and aids decision-makers in 

designing better SMS capabilities. The framework consists of 

three phases, iterative process of application modelling; 

evaluation to ensure optimal configuration and adoption; and 

finally implementation. The proposed framework is hoped to 

assist the industries’ management in planning for the adoption of 

technology, in establishing SMS or assessing the need in existing 

ones. Indirectly, more industry will gain the benefits as a support 

for their initiatives to transform into Industry 4.0. 

Keywords—Component; smart manufacturing; industry 4.0; 

development framework; simulation-based evaluation 

I. INTRODUCTION 

Smart Manufacturing Systems (SMS) refers to 
communication and computing technologies that enable all 
manufacturing system’s components to be digitally connected 
and data analytics-driven, thus achieving intelligent 
coordination. It comes with several significant benefits such as 
cost reduction, higher productivity, resources efficiency, 
product customization, and minimizes negative environmental 
impacts. 

The increasing demand of digitally connected machines 
and knowledge-based manufacturing systems indicates the 
continuing and rapid growth of SMS [1]. government 
investments by industrialized nations and developing countries 
in smart manufacturing adoption that significantly increased 
for the last few years contributes the growth of SMS. [2]. 
However, the adoption and awareness of Industry 4.0 among 
manufacturers in Malaysia is still low compared to other 
developing countries. 

According to IM BizWatch [3], 70-80% of Malaysian 
industries are still wedged in the second industrial era while a 
majority of the neighboring countries and beyond are already 
building the bridge from Industry 3.0 to 4.0 [3]. Malaysian 
Investment Development Authority (MIDA) has reported that 
Malaysia is working hard to transition the industry bodies 
towards the adoption of automation and smart manufacturing 
concepts and technologies as this sector contributes almost 
80% to the GDP [4]. The Ministry of International Trade and 

Industry (MITI) strategizes and plans to move forward in the 
adoption of smart manufacturing and Industry 4.0 in Malaysia 
[4]. Thus, new and innovative methods are crucially needed to 
adopt SMS for the nation and convince industry players to 
invest in this sector. 

Many studies have discussed the different characteristics 
and technologies associated with SMS [5]-[17]; however, little 
attention has been devoted to study the development process 
challenges when establishing new SMS [18]-[20] that requires 
pre-implementation planning and assessment leading to 
minimized operational cost and time, as well as efficient 
machine’s utilization. The first main component of the process 
is system configuration. System configuration involves 
identifying required machines, their quantities, and the 
workflow between machines [19], as well as the required 
technologies such as IoT, Big Data, Cloud computing, and AI 
techniques. Good configurations contribute towards the overall 
success of SMS projects, while poor configurations may cause 
late or over budgeted projects as configuration is the first phase 
in establishing SMS and any defects will result in failure that 
requires re-work in all phases. 

Two different models of SMS configuration have been 
identified from the literature: queuing model and multi-criteria 
decision making model [36]-[40], [53], [54]. The queuing 
model enables manufacturer to evaluate the throughput, work 
in process, and lead times. While multi-criteria decision 
making models is used to determine the configuration of the 
SMS.  However, these two models are not sufficient to solve 
the configuration problems due to an absence of an integrated 
framework that can consider different scenarios based on the 
market demand [19] [26]. The integrated frameworks could 
include other AI techniques such as agent-based modeling and 
simulation [56]-[58] where agents are designed to handle each 
resource autonomously [45], [46], [53], [55], [60], which offer 
flexibility for each resource to collaborate/coordinate/negotiate 
with each other to achieve the desired goal efficiently [47], 
[48], [51], [52]. 

Modelling and simulation study plays an important role in 
the selection of a particular configuration and system 
evaluation prior implementation [21]-[23], [49], [50]. To 
ensure the efficient achievement of Smart Manufacturing 
realization, Mittal et al. [21] includes a simulation in their 
action roadmap. According to SME Corp Malaysia [23], of 
which the first and main pillar is the simulation part that 
constitute the nine pillars of SMS.  Therefore, a simulation tool 
can assist in specifying the right configuration of a particular 
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SMS project [19]. A Simulation is useful when the 
phenomenon to be studied is not directly accessible or is 
difficult to observe directly [24]. The idea of experimenting on 
models rather on the real system is not something new. For 
example, when an architect plans to investigate the behavior of 
a wind tunnel on a tower block model, they experiment on the 
model since the cost of experiment on a real tower block is too 
excessive. Thus, experimenting with simulation models as one 
way to obtain results and deriving the behavior of a model 
analytically is usually paramount because it provides 
information about how the model behaves given a range of 
inputs [25]. 

Therefore, in this study, we propose a development 
framework that increases the adoption and awareness of 
Industry 4.0 among manufacturers and aids decision-makers in 
designing better SMS capabilities. The framework consists of 
three phases, iterative process of application modelling; 
evaluation to ensure optimal configuration and adoption; and 
finally implementation. The rest of the paper is organized as 
follows: Section 2 reviews the related work on Smart 
Manufacturing Systems. In Section 3, we present the 
development framework with the three phases, Smart 
Manufacturing System Integration model, Simulation-based 
Evaluation, and the Final Model. Section 4 concludes the 
paper. 

II. RELATED WORK 

Today, the market is driven by consumers’ expectations in 
terms of better quality, lower cost, and less lead-time. The 
efficiency of traditional manufacturing system is not sufficient 
to meet customers’ expectations [26]. According to Shen and 
Norrie [41], the conventional manufacturing operations are 
inefficient to fulfill the rapid changes in the market 
requirements. Finding better ways by manufacturers become a 
vital need to satisfy the market [42]. Therefore, to bridge the 
gap between expectations of consumers and actual productions, 
adoption of innovative and non-traditional processes is crucial. 

Fig. 1 shows the evolution of the manufacturing system, 
which can be traced back to the middle of the 18th century 
during the industrial revolution with a steam-engine. As time 
progressed, during the age of electricity, the mass production 
system was introduced in the 19th century.  The third of the 
Industrial Revolution happened in the 20th century, where 
computers and automation (flexible manufacturing system) are 
introduced. Finally, the forth industrial revolution or the era of 
Industry 4.0 is introduced and is called Smart Manufacturing 
System [43]. In SMS, human operations are replaced by 
robotics equipped with necessary algorithms and marked by a 
fusion of technologies. 

The aim of the Smart Manufacturing System (SMS) is to 
share the right data to the right machine at the right time with 
required format [26]. Several terms are used in the literature for 
SMS such as an intelligent factory, a smart factory, factory of 
things [44]. In 2011, Germany introduced the terms of industry 
4.0, which is referring to SMS. They provided a vision that 
emphasized on using communication technologies based on 
Cyber Physical System (CPS), Internet-of-Things (IoT) and 
IoS (Internet of Services) to resolve SMS obstacles [43]. 

 

Fig. 1. Evolution of Manufacturing Systems 

 

Fig. 2. Smart Manufacturing Benefits. 

According to NIST [35] SMS is a “fully-integrated, 
collaborative manufacturing systems that respond in real time 
to meet changing demands and conditions in the factory, in the 
supply network, and in customer needs”. Rockwell Automation 
defines SMS as “Smart Manufacturing is a highly connected, 
knowledge-enabled industrial enterprise where all business and 
operating actions are optimized to achieve substantially 
enhanced productivity, sustainability and economic 
performance”. 

A study made by Coalition (2011) reported the impact of 
SMS over a 10 years’ time. Among the impacts, reduces safety 
incidents by 25%, improving energy efficiency by 25%, 
improves operating efficiency by 10%, minimizes cycle times 
by 40%, improves the lead-time by 10 times faster and 
increases revenue by 25%. Fig. 2 shows the result that reveals 
the benefits of SMS as reported by Aberdeen [27], 

SMS receives increasing attention in Malaysia in a seminar 
entitled “Government’s Role in Industry 4.0” organized by the 
Ministry of International Trade and Industry )MITI) [28]. Six 
issues have been highlighted to enable the implementation of 
SMS in Malaysia, one of them is the lack of standards and 
technology. A task force has been formed to come up with a 
proposal that would mitigate these issues. 

According to SME Corp Malaysia [29], smart 
manufacturing has multiple impacts as efficiency, productivity, 
return of investment, technology convergence, mega trends. To 
advance SMS, leading countries such as United States and 
Germany are focusing on related key technologies such as [3], 
[5]-[17]: 

 Internet of Things (IoT) to collect real-time data and 
exchange it with other resources at real-time. 

 Cyber-Physical Systems (CPS) to monitor or control a 
physical process via internet in a safe, reliable, efficient 
and real-time way using embedded computer and 
networks. 

 Big data to process large and complex datasets using 
special algorithms. 
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 Cloud computing to enable a full sharing and 
circulating of manufacturing resources. 

 Sensor to share, exchange, and control data. 

 Smart energy to monitor, analyse and optimise the 
consumption of the energy. 

Meanwhile, SME Corp Malaysia [29] proposes nine pillars 
as key technologies to implement SMS as shown in Fig. 3. 

However, focusing on the key technologies only would not 
mitigate the difficulties because few studies have discussed the 
configuration challenges prior to implementation while 
establishing new SMS [18]-[20]. Configuration involves 
identifying required machines, their quantities, and 
the workflow between machines, as well as the required 
technologies [19]. In addition, an evaluation for a selected 
configuration needs to be conducted prior to implementation 
too. The selection of a particular configuration and evaluation 
of the system prior to implementation mainly requires 
modeling and simulation study [21]-[23]. 

Wang et al. [30] propose a framework based cloud-
integrated manufacturing to develop a self-organized smart 
factory. The framework incorporates wireless networks, cloud, 
big data analytics, and terminals such as machines, products, 
and conveyors to create intelligent automation production. 
Giret et al. [31] propose an approach for assisting service-
oriented Intelligent Manufacturing Systems (IMSs), which 
combine multi-agent with service-oriented architectures [64]. 
Li et al. [32] discuss the possible AI applications needed to 
develop IMS in China.  Giret et al. [33] proposes a framework 
that assist the establishment of IMS by identifying the 
manufacturing components. Lee et al. [34] presents a cyber-
physical system (CPS) architecture to provides practical 
guideline for the future SMS. Recent research by Nagadi et al. 
[19] propose a configuration framework using computer-based 
tools such as business process modelling and notation tool, 
agent-based modelling tool, expert systems, and discrete event 
simulation tool. 

 

Fig. 3. Nine Pillars Proposed by SME Corp Malaysia. 

However, very limited studies have been conducted on 
investigating and formulating the configuration factors, which 
can assist the industries’ senior management in planning and 
establishing new SMS that minimize the operational cost and 
time, as well as improving efficient machine’s utilization. To 
fill this gap, this study proposes to formulate a framework that 
generates SMS configurations. The proposed framework aids 
decision-makers in designing better SMS configurations and 
capabilities. 

The proposed framework that is based on an application 
development that engages engineers throughout in a three-
phased, iterative process of application modelling; evaluation 
to ensure optimal configuration and adoption; and finally 
implementation. 

As shown in Fig. 4, the modelling phase consists of 
Manufacturing System Components which are System 
Configuration; Functional Model; and Industrial Processes, and 
Smart Components which are Internet of Things (IoT); Cloud 
Computing; Big Data; Cyber-Physical System (CPS); and 
Agent-based Modelling (ABM). The evaluation phase consists 
of Simulation Model that includes Computer-based Simulation 
and Discrete Event Simulation (DES); finally, the 
implementation of the Smart Manufacturing System. 

A. Smart Manufacturing System Integration Model 

The modelling phase consists of two components, hardware 
and software. The hardware is represented by the 
manufacturing system components, while the software 
components are represented by the smart components. The 
combination of both constitutes the proposed Smart 
Manufacturing System Integration Model. 

The manufacturing system components are System 
Configuration, Functional Model, and Industrial process. The 
System configuration specifies the type and numbers of 
required machines. The Functional Model presents the 
behavioral processes of a machine according to its functions 
while the industrial process determines the required interaction 
model among machines that reflects the production process 
flow. 

The smart Components are Internet of Things (IoT) to 
establish communication between these machines/Agents; 
Cloud computing to enable a full sharing and circulating of 
manufacturing resources; Big Data to process large and 
complex datasets using special algorithms; Cyber-Physical 
System (CPS) to monitor or control the physical process via 
IoT and embedded algorithms. Agent-based Model (ABM) to 
model the behavior of the identified machines. 

As shown in Fig. 5, the model firsts determines the 
configurations of the required system, then model the behavior 
of each component using ABM concept, and finally run and 
control the process via IoT, Cloud Computing, Big data, and 
CPS. The combination between the Manufacturing System 
Components and The Smart Components via agent-based 
Modeling constitutes the Smart Manufacturing System 
Integration model. 
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Fig. 4. Smart Manufacturing System Development Framework. 

 

Fig. 5. Smart Manufacturing System Integration Model. 

B. Simulation-based Evaluation 

To simulate the system prior the implementation, two 
approached can be utilized for this purpose [19], Agent-based 
Modeling (ABM) to imitate a machine behavior and Discrete 
Event Simulation (DES) to mimic the industrial process flow 
as shown in Fig. 6. 

The complete simulation strategy to evaluate a proposed 
system prior implementation is shown in Fig. 7. First software 
architects collaborate with manufacturing engineers to design 

the primary model. The manufacturing engineers specify the 
required type and number of machines and they describe the 
production process flow, in other words, the communication 
architecture between machines. Subsequently, software 
architects study the function and behavior of each machine to 
model its agent accordingly. Once all agents are modeled to 
represent the specified machines, software architects design the 
DES to mimic the described production process flow by the 
manufacturing engineers. The next step is evaluating the 
primary model via the simulation. 
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Fig. 6. Simulation Components. 

 

Fig. 7. Simulation-based Evaluation Model. 

As shown in Fig. 4, the simulation components are ABM, 
DES, IoT, Cloud Computing, CPS, and Big Data. As 
mentioned earlier, ABM imitates machines functions and 
behavior and DES simulates production process flow. IoT and 
cloud computing provide a communication tools, IoT can 
provide agent to agent, or agent to cloud-cloud to agent. CPS is 
used to control the physical process via algorithms and network 

while the big data provide an effective mean to handle massive 
data accumulated overtime. 

C. Final Model 

The final model can be obtained after evaluating and 
subsequently refining the primary model. Several factors can 
be measured to evaluate the primary model such as 
applicability, efficiency, reliability, implementation cost, 
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effectiveness, etc. If one or more factors are not within 
expectation, system re-configuration can be made by engineers 
and simulation-based evaluation can be applied again until all 
evaluation factors are in acceptable level. 

III. CONCLUSION 

The study of development framework in establishing new 
SMS is crucial for pre-implementation assessment that leads to 
minimized operational cost and time, as well as efficient 
machine’s utilization. Thus, in this paper, we develop a 
framework that is based on an application development 
methodology that engages engineers throughout in a three-
phased, iterative process of application modelling; evaluation 
to ensure optimal configuration and adoption; and finally 
implementation. The modelling phase consists of 
Manufacturing System Components which are System 
Configuration; Functional Model; and Industrial Processes, and 
Smart Components which are Internet of Things (IoT); Cloud 
Computing; Big Data; Cyber-Physical System (CPS); and 
Agent-based Modelling (ABM). The evaluation phase consists 
of Simulation Model that includes Computer-based Simulation 
and Discrete Event Simulation (DES); finally, the 
implementation of the Smart Manufacturing System. 

In our future work, we shall implement the developed 
framework to evaluate the primary model on different 
scenarios and subsequently produce the final model to ensure 
the quality, lead-time, and cost that optimize the usage of the 
capital investment and satisfy customers’ requirements. 
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