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With the inception of high-speed internet data services and ever-growing technical advancement
in manufacturing technology, the integration of production systems and the internet of things to
produce different types of jobs via cloud computing has become possible. The internet-enabled
advanced automatic production systems can be referred to as the cyber-physical production sys-
tems (CPPS). The use of CPPS via cloud computing and the internet of things (IoT) can offer high
productivity and high flexibility for the production of jobs in a dynamic production environment
with varying specifications. The aim of this paper is to present a generalized synergic framework
between different production facilities locating at different geographical locations to realize an
energy-saving and efficient cyber-physical production system for the production of different types
of jobs in the context of the industry 4.0 and beyond. In addition to the above, the study also
identifies a need to address large scale multi-objective optimization issues to make the best deci-
sions for different combinatorial production scenarios by using CPPS that are functioning in smart
production facilities at different geographical locations.

© 2020 by the authors; licensee Growing Science, Canada.

1. Introduction

Industry 4.0 is known as the fourth industrial revolution globally (Gilchrist, 2016; Liao et al., 2017; Lu,
2017). Industry 4.0 consists of independent and autonomous machines that are highly automated and can
be controlled by an automatic control via high-speed big data transmission through the internet. The
machines used in the industry 4.0 can be referred to as cyber-physical production systems (CPPS), which
are developed by integration of mechanical engineering, computer science, electronics engineering and
information technology altogether (Verl et al., 2012; Vogel et al., 2014; Vogel et al., 2015). The CPPS,
by using its artificial intelligence (Al) yields high throughput in a production facility (Kolberg & Ziihlke,
2015; Chryssolouris et al., 2016; Jiang et al., 2016; Roblek et al., 2017). The modern manufacturing
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system uses the internet of things (IOTs) feature, which is complemented with high-speed wireless net-
works. By using high-speed networking in the production systems, the production operations on different
production systems can be conveniently synchronized to produce different types of jobs with high
productivity (Wang et al., 2015; Wan et al., 2016; Jeschke et al., 2017). The operation and control of too
many CPPS situated at different geographic locations call for an enormous amount of data transmission
via cloud computing architecture. By using a cloud computing architecture and high-speed networking
the CPPS can be operated and controlled without any human physical intervention from different geo-
graphical location (Monostori, 2014; Lee et al., 2014; Kiihnle & Bitsch, 2015; Schlechtendahl et al.,
2015; Jiang et al. 2016; Karkalos et al., 2019; Sipsas et al., 2016). In order to yield high productivity
from the cyber-physical production systems operating at different geographic locations, it is highly im-
perative to use an efficient communication network and cloud computing system architecture. An effi-
cient synergic framework must be developed between different production facilities at different geo-
graphic locations to yield maximum productivity and best utilization of CPPS operational capabilities.

In industry 4.0, different production machines are inter-connected with each other and work in a collab-
orative manner (Lee et al., 2014; Xu et al., 2018). The production system uses an advanced data analysis
and prediction tool to manage the big data associated with different machining operations and take a real-
time efficient decision autonomously in a most timely manner to achieve the best production levels (Lee
et al., 2014; Rojas et al., 2017; Wang and Wang, 2018). A multi-layer structural framework to make the
manufacturing systems ready for industry 4.0 is proposed by Qin et al. (2016). The authors focused on
different manufacturing scenarios and discussed the basic aspects of industry 4.0. Parallel development
of information science, network science, computer science and production engineering and their impact
on cyber-physical production systems (CPPS) is investigated by Monostori (2014). The authors investi-
gated different challenges and issues to implement CPPS in industry 4.0. Chryssolouris et al. (2016)
proposed a decision support system for line workers and maintenance workers in an emergency repair
situation of CPPS for a production facility in the context of the industry 4.0. The aforesaid decision
support system is observed to work on a multi-layer service-oriented architecture that integrates different
sub-systems, sensors, information and data with each other. The authors used a case study to highlight
the appropriateness of the proposed decision support system and new developments.

Wang et al. (2016) reported an integrated framework for the deployment of cloud communication for
communication between work centers, material handling systems and other components in the industrial
establishment. Authors focused on operational and control features of production systems in light of big
data supported closed-loop systems. Various technical features and advantages of the proposed integrated
framework are also highlighted in the study. Kolberg and Ziihlke (2015) presented a combined approach
of'a lean production system and automation in the context of industry 4.0. The authors discussed all major
aspects of industry 4.0 to link them and realize a lean production system. The authors also discussed a
scheduling system for a KANBAN production system. Jiang et al. (2016) observed that the manufactur-
ing sector is moving towards social factors namely mass-integration, socialization, servicing sector and
in view of aforementioned social factors, authors proposed a social manufacturing approach for factory
of future. The authors focused on the integration of CPPS and social media and proposed effective pro-
duction strategies. In order to yield best productivity by evolving social innovation, the authors reported
three main aspects namely operation, management and specifications. Hofmann and Riisch (2017) ob-
served industry 4.0 as an integrated industry of the future having the highest impact on production strat-
egies for the production of different goods. The authors worked on the logistics management aspect as-
sociated with industry 4.0 and described different logistics issues and their impact on the functioning of
industry 4.0. The authors considered decentralization, self-autonomy, effectiveness, and potential of just
in time (JIT), just in sequence (JIS) and KANBAN for implementing them in the industry 4.0. Lee et al.
(2015) mentioned that the cyber-physical systems (CPS) are closely connected and deployed in the in-
dustry 4.0. The performance of CPSs is closely monitored and integrated with other equipment to yield
maximum productivity from them. The authors introduced a unified five-level system architecture for
the CPS, to yield effective functioning of CPS in the industry 4.0.
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From the literature, it is evident that the CPPS can be efficiently used for the production of different types
of jobs in the industry 4.0. Very limited research work is found in the development of an integrated
framework for the production of different jobs at more than one production facility operating at different
geographic locations. In order to full-fill the aforementioned research gap, a generalized cloud compu-
ting-based synergic framework between different smart production facilities situated at different geo-
graphical locations is introduced for the production of different types of jobs. The proposed framework
is highly efficient in utilizing cyber-physical production systems for the production of different types of
jobs.

2. Problem descriptions

The automatic production machines offer accuracy, precision, and fast production speed. The production
machines can have variation in their features and production capabilities due to their varying specifica-
tions at operation level, integration level, intelligence level and production operation of a machine for a
given operation command in a production cycle. The automation level and intelligence level of automatic
production machines can be categorized on the basis of technology and hardware used in them. A high
operation level in the production machines can be achieved by incorporating and using computer numeric
control (CNC), program logic control (PLC) and other automatic features to deliver required machining
operation efficiently with minimum human intervention. The machines with IoTs capabilities are referred
to as cyber-physical production systems (CPPS). The CPPS works in a digital production environment
and produces jobs in a highly efficient manner. The IOTs can be efficiently used for the integration of
different production facilities operating from different geographic locations to boost up the production
capabilities and optimize the overall production operations. A synergic framework for the efficient utili-
zation of different CPPS operating with distributed control in the context of industry 4.0 is proposed in
this study. The overall objective of the proposed synergic framework is to synchronize the production
operations of different production facilities to yield a high level of flexibility and productivity in the
production facilities which are operating at different geographic locations, for the production of different
types of jobs in varying quantities. The pictorial representation is shown in figure 1 with following ab-
breviations.

3. A synergic framework

The cyber-physical production systems receive and transfer big data through machine sensors, machine
control, and management systems via data transfer lines or wireless networks in the production facility.
The data can be sent or received from outside of the production facility also. For example, transfer and
receiving data from different vendors and customers. During the production operation, the real-time pro-
duction data is transferred at high-speed every second by using a highly efficient data transfer network.
The CPPS can send or receive the big data to an overall plant controller or to knowledge-based agents
that initiate, integrate, synchronize and control the automatic production operations for all CPPS operat-
ing in a production facility. The efficiency of CPPS for different production operations significantly de-
pends on the capability of high-speed data transfer and two-way communication channels between CPPS
and the over-all plant controller.

In order to achieve an efficient production process, the CPPS must have the following features.

i) High-speed connectivity features to transfer and store real-time production data.

i) Information feed-back function to analyze and take corrective actions.

ii1) A high level of an intelligent management system.

iv) High computational speed and robust control.

v) High-reliability levels.

vi) Highly precise, accurate, repeatable and automatic for the performance of an assigned task.



240

Production Facility 1 at

x location

CMM/QC

Production Facility 2 at

AS/RS

y location

CPPS3

CPPS3 CPPS4

CMM/QC

High Speed (?loud C'omputing 3 Conjcrol- High Speed
itsaie ail ling decisions on the basis of Internet and
Data transfer data transfer Data transfer

High Speed
Internet and
Data transfer

Production Facility 3 at

7 location
CPPS4 AS/RS

@

CMM/QC

CPPS|

Fig. 1. Production of jobs at different locations
CMM: Coordinate measuring machine.

MHR: Material handling robot.
QC:  Quality control. AS:  Automatic storage.
CPPS: Cyber-physical production systems. RS:  Retrieval system.
The CPPS with features like high connectivity, high computational power, and high intelligence feature
offers best in class functional capabilities namely. The CPPS is highly flexible to adapt any kind of
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production schedule; the CPPS will become more adaptable to the integration with the production sched-
ule of other machines or equipment functioning in the production facility. The functional capabilities,
autonomy, availability, and reliability of CPPS increase significantly in vertical as well as in cross-func-
tional domains. The high-speed internet facilitates the two-way communication capabilities between dif-
ferent components of CPPS at all levels, for example, sensor-sensor, actuator-sensor, actuator- object,
object-mobile device, and mobile device-user, etc.
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Fig. 2. A synergic framework for the production of jobs by the CPPS for the industry 4.0
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The machine learning and artificial intelligence can have a significant impact on the CPPS capabilities
operating in the industry 4.0. A CPPS operating with intelligent production architecture can achieve
maximum productivity and produces jobs at a very faster rate in comparison to any other advanced pro-
duction system. Therefore, in order to have a fast and accurate decision by a CPPS, the knowledge-based
agent is always desirable in software architecture. With the aforementioned capabilities, a CPPS makes
intelligent decisions according to the production requirements. The cloud-based computing architecture
along with intelligent decision-making capabilities improves the CPPS productivity and also improves
the synchronizing capabilities of various CPPS during production operations in the production facilities
operating at different geographical locations. A synergic framework for the production of jobs at three
different production facilities in the context of industry 4.0 is delineated in figure 2. In the proposed
framework the production of the jobs is done on CPPS functioning at three different production facilities
at different geographic locations. In order to control the production process, the production facilities are
supported by cloud computing architecture and high-speed data transfer network. Initially, the work as-
signment is done the three production facilities, namely facility 1, facility 2 and facility 3. The work
assignment is done on the basis of required production quantity and quality and the availability of idle
resources in the aforementioned production facilities. Subsequently, the priorities and schedules of the
production operations on CPPS are decided by using a knowledge-based agent for the production of jobs.
Thereafter, the production process is simulated to search for the best possible combination of production
sequences and available CPPS. On the basis of the output of the simulation, the raw material and semi-
finished jobs are transferred by using the material handling system at the different locations of the allo-
cated CPPS. The production operations are carried out on the CPPS and the finished jobs are transferred
to inspection centers. If the production quality of finished jobs is within the required dimensional toler-
ance limits, the jobs are stored and dispatched to the customer else segregation, rejection or rework on
jobs is performed.

The cloud computing and high-speed data transfer feature benefits in fast two-way communications be-
tween the production facilities situated at different geographic locations. The production facilities are
always updated about the real-time production conditions and utilization level of different machines and
equipment that are operating in the production facilities. By using high-speed data transfer network the
big data for production schedules and processes can be computed, analyzed and shared in a real-time
manner. The information between different production facilities is shared regarding the job drawings,
machining programs, reliability of machines, and utilization level of other production equipment, inven-
tory levels, quality reports, and scrap details and updated in the cloud computing architecture via high-
speed data transfer network. On the basis of accumulated information, the production operations of dif-
ferent production facilities for the production of different jobs can be synchronized and the uncertainty
in production planning is minimized and a robust production schedule for all production facilities can be
conveniently realized. A holistically developed production schedule can be implemented to minimize the
makespan, maximize the throughput and achieve maximum utilization of all production facilities oper-
ating at different locations. The following main benefits can be achieved by adopting the proposed syn-
ergic framework.

i.  The uncertainty in environmental factors, varying production loads and reliability issues are in-
evitable in any production process and make an adverse effect on the realization of production
targets. In order to overcome the aforementioned issues, the use of CPPS is recommended which
increases the adaptability, reliability and minimizes the idle cost in the production operations.

ii.  The high level of automated production systems lowers down the human involvement in the pro-
duction of the jobs. A high level of autonomy in the CPPS tenders the production of jobs in a
clean environment and safe conditions. The use of CPPS reinforces sustainable development
goals by optimum resource utilization, implementing global environmental policies, and devel-
oping a safe working environment. However, CPPS may also require some human input at some
stage of the production process. Therefore, the level of automation infused in a CPPS is a deciding
factor for human involvement in the functioning of any CPPS.
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iii.  The CPPS can be controlled by a centralized controller or a CPPS can have a distributed control
system. With high connectivity features and artificial intelligence, the self-decision making CPPS
with the distributed control system is most preferred to use.

iv.  The CPPS utilization can be maximized by their effective lateral, vertical and cross integration
with other resources, services, features, and production facility system architecture. The CPPS
offers the best of their services in their domain with their inter-production facility and intra-pro-
duction facility integration features. By integration of CPPS with other production utilities the
intelligence, knowledge, information sharing, and adaptability of CPPS significantly increases.

v.  The IoTs feature in the CPPS enables user-friendly and energy-efficient smart manufacturing.
The IoTs based smartly designed and intelligence equipped production centers, autonomous ve-
hicles, robots, and coordinate measuring machines (CMMSs) improve and optimize the overall
production process. The smart CPPS can develop its production schedule autonomously and
adopt it in a real-time manner.

A synergic framework for [oTs based smart production facilities and its implementation in the context
of industry 4.0 is proposed. The high level of industry 4.0 represents the utilization of a high level of
computational power for the effective integration of production facilities operating at different geo-
graphic locations. The proposed framework can yield the energy-efficient production of jobs. Industry
4.0 uses efficient intelligent algorithms to produce a variety of jobs with high quality. The aforemen-
tioned framework enlightens a roadmap for the development of future production facilities in view of
industry 4.0 and beyond.

4. Conclusions

In this study, a cloud computing-based energy-saving and efficient synergic framework between different
CPPS is presented. In the proposed synergic framework, the CPPS operates at different production facil-
ities which are located at different geographic locations. Numerous benefits associated with the proposed
synergic framework in the production of different types of jobs are also discussed. It is observed that the
IoT based production facilities harness the best utilization from production resources in a dynamic and
uncertain production environment. Additionally, the proposed synergic framework advocates extensive
use of artificial intelligence-based computation and distributed control architecture to solve the large
scale multi-objective production scheduling issues in the smart production facilities. The research can be
extended to solve large scale multi-objective optimization problems for parallel computation of all CPPS
and to search the best solutions for their efficient scheduling while operating at different geographical
locations. In order to maximize the throughput of different production facilities operating at different
locations, the production factors namely job mix, production priorities, material transfer operations, au-
tomatic storage and retrieval of jobs, logistics and reliability of CPPS, etc. can also be considered.
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