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Abstract: This editorial introduces the special issue oneHEmg Information and Communication
Technology (ICT) concepts for smart, safe and susde industrial systems in the Elsevier journair@uters
in Industry. The 13 papers in this special issuesvgelected because of their high quality and bés@muse
they propose emerging ICT solutions that addre$saat one of the three dimensions we suggestasmie b
requirements to design usable future Industriake®ys that must be safe, smart and sustainableioBsev
global discussions about the state of the art wigfard to the topic of this special issue are gled] as well
as exploratory guidelines for future research is #inea.

Keywords: safety, smart systems, sustainability, intelligmanufacturing systems, ICT.

1. Introduction

This special issue aims at shedding light on nevergmg ICT concepts for smart, safe and
sustainable industrial systems.

Markets are currently imposing very strict requiegnts, demanding high-quality customized
products with shorter delivery times and shorfeclcles, forcing companies to adapt their processe
with the help of flexible, safe and reconfigurapteduction structures. This leads to the challesfge
designing systems that exhibit better re-configllitgpagility, robustness and responsiveness while
ensuring the maintainability, sustainability anddeterm performances of their processes, products
and logistics systems.

In this context, the technological evolutions inTI@ave allowed researchers to develop new
emerging concepts that were not even conceivalileeipast. They are based on the instrumentation
and interaction of a multitude of different intenc@cted and even decision-capadieart objects
(belonging to industrial and/or logistics systeneshbedded or distant, with associated information
counterparts (agents, holons) or purely digitaleSeh “bottom-up” approaches lead to emerging
behaviours that must be controlled and integrategk @xisting, more “top-down” approaches. The
latter is often materialized by centralized or arehical management systems. These emerging ICT
concepts provide new, powerful solutions to ch@emas yet unsolved using classical approaches.
This special issue focuses on the above challeng#solutions, and especially on the way emerging
“bottom-up” behaviours are efficiently and effeaty integrated with “top-down” approaches to
constitute a kind of hybrid control system with gndmic structure and distributed intelligence
capable of meeting industrial needs and rapid niatk@nges.

The articles included in this special issue condkenfollowing topics of interest and theoretical
backgrounds dealing with the lifecycle of smarteait$: holonic/multi-agent architectures, computing
and service-oriented manufacturing, Cyber-Physgyatems, Intelligent Products, product-driven
control, Internet of Things, ambient intelligenogtimization, energy awareness, and self-organized
and bio-inspired systems. Some papers in this apésue are extended versions of chapters
published in the book edited after th® ddition of the SOHOMA'14 Workshop on Service



Orientation in Holonic and Multi-Agent Manufactuginheld in Nancy in November 2014 (Borangiu
et al., 2015b).

This editorial is organized as follows: firstlyetitontext of this special issue is presented, which
deals with three dimensions: safe, smart and sisiks. Secondly, the papers composing this special
issue are positioned according to their contributm one or several of the dimensions introduced,
and are presented briefly. Perspectives are thesdinced as a guideline for future work.

2. Smart, Safe and Sustainable industrial systems

From our point of view, to be liveable and usahléyre products, processes and industrial systems
will be characterized according to three dimensi@mart, Safe and Sustainable (denoted ‘3S’
hereinafter), as depicted in figure 1. In this figusome emerging research topics that can beestudi
at the intersection with any two of the three disiens are provided.

Examples of emerging research topics at the intersection:

Safe emerging behaviour of cyber-physical systems
Reliability of intelligent networked production resources
Cyber-security of intelligent manufacturing systems
Self-healing and resilient intelligent control
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Examples of emerging research topics at the intersection: Examples of emerging research topics at the intersection:

Diagnosis/Prognosis of a production system throughout its lifecycle = Environmental footprint assessment of an intelligent product
Safety studies of different sustainable product design solutions Design method of a sustainable holonic control architecture
Social welfare and legal aspects in industrial systems Sustainable intelligent factory automation

Fig. 1 The future of products, processes and imdlislystems: the 3S’ point of view.

“Safé here is taken in the broad sense, referring fangple to thereliability, availability,
security, testability and maintainabilitimension®f products, processes and industrial systems that
are evaluated through dependability studies (Bertial., 2008). This dimension aims at ensuring
the correct functioning and the permanent safeth@three types of entities, in whichever lifegycl
phase they evolve or are studi€hbustnesandresilienceare also relevant concepts when dealing
with reaction and adaptation to perturbations dutimeir use, whether localized or more global
(Bergstrom et al., 2015). This vision is not netwyas initially designed for complex systems when
designers were seeking to develop systems fromnetitunal point of view, possibly including
Integrated Logistics Support (ILS), and co-desigteansure functional support of the complex
system (Kriaa et al., 2015). We think it is crudialconsider safety as a whole and through this, to
look at future products, processes and industgisiesns with a global, functional view of their
lifecycle. In such a context, it is worth mentiogithat only a few studies have been carried out to
ensure the safety and the dependability of futadestrial systems characterized by the “bottom-up”
approaches introduced (Sanislav et al., 2016). Safintlee papers in this special issue address this
dimension, thanks to which future industrial systemroducts and processes will be predictable:
They will be doing what they are designed to da isafe way, they will perform safe production



processes, and their interaction with humans watl lme dangerous or will not result in hazardous
decisions being made.

“Smart” represents thtelligent control dimensioof products, processes and industrial systems;
it refers to computing and service-oriented, imgelt solutions and means that will be engaged in
the aforementioned products, processes and indusystems. Future products and systems will be
systematically connected: objects (products or uess) will communicate with each other to
choreograph production as well as with people tprove the efficiency of the production and
logistics systems, and the design process. For gieathe German strategic initiative ‘Industry 4.0’
fosters the development of smart industrial systasisg cyber-physical systems. As discussed in
some of the articles in this special issue, theontgj of recent research concerns improving
production, transport/logistics (e.g., the physicdérnet) and supply chains performances. New
controls based on advanced ICT convergence sudistaduted control (Trentesaux, 2009), holonic
organisation (Giret and Botti, 2009), multi-agenaimheworks (Leitdo et al., 2012), service orientatio
(Borangiu et al., 2012), virtualization and virtuedmmissioning (Berger et al., 2015), cloud
manufacturing (Xu, 2012), cyber-physical systemee(kt al., 2015), intelligent products (McFarlane
et al., 2013) and Internet of Things (Atzori et a010) will foster the development of innovative
smart industrial solutions. In such a context, ioperability with existing information and decision
systems, typically Manufacturing Execution SystefWES) and Enterprise Resource Planning
(ERP) is a key issue to ensure the viability of grealutions for which the use of ontologies can be
proposed (Alsafi and Vyatkin, 2010). To design wmyitied and reactive smart industrial solutions, the
integration of optimization techniques from OpeyatResearch, with learning models, simulation
models or reactive technics is now widely addresgectsearchers. Thanks to this dimension, future
industrial systems, products and processes willibe to sense, communicate, and decide; they will
be able to react, learn, adapt and evolve in tbe ¢& unexpected events.

“Sustainablé€ represents thgreenness dimensiaf products, processes and industrial systems to
maintain an equilibrium between economic, social anvironmental requirements and constraints.
The most frequently quoted definition of “Sustaileatlevelopment” is from Our Common Future,
also known as the Brundtland Report (United Natid837): ‘Sustainable development is the
development that meets the needs of the presehbuvitompromising the ability of future
generations to meet their own netds 1993, Allenby and Graedel proposed tha@ustrial ecology
concept (Graedel and Allenby, 2002); (Ehrenfeld)fdntroduced for the first time the concept of
sustainable manufacturing and more recently (Jaett Taisch, 2012) defined it athé ability to
smartly use natural resources for manufacturingchgating products and solutions that, thanks to
new technology, regulatory measures and cohererialsbehaviours, are able to satisfy economic,
environmental and social objectives, thus presgrtive environment, while continuing to improve
the quality of human life This dimension requires the adoption of a glolalwv on the system’s
lifecycle (Product Lifecycle Management - PLM, tfgele analysis and assessment, ...), (Zhang et
al., 2015). Specifically, energy represents a psamgifield of research (Prabhu et al., 2015). Tlsank
to this dimension, future products, processes addsitrial systems will feature the right balance
between the three economic, environmental and Ispdlars of sustainable development; their
footprint will be as minimal as possible and theatential benefits for society will be as high as
possible, while enabling the economic growth of pamies.

3. Smart, Safe, Sustainable products, processes andlustrial systems:
positioning of the papers

The '3S’ must be considered simultaneously whercril@ag usable and liveable future products,
processes and industrial systems. The existingliee generally focuses on only one or sometimes
two of the ‘'S’, but rarely on all three at the satime. In figure 1, some research topics at the
intersection of two of the three dimensions havenbgresented, with the “holy grail” being in the
centre of the picture. Furthermore, behind of eaicthese ‘S’ attributes exist powerful and rather



closed research communities that do not pay enattghtion to the other two. Some attempts have
been made to change this and we provide below daregative ones:

at the intersection of the “Safe” and “Sustainaldlghensions: these dimensions have some
notions in common such as system lifecycle and teaance as a key factor in reducing safety
issues (lung and Levrat, 2014).

At the intersection of the “Safe” and “Smart” dinséans: these dimensions could be brought
closer by studying the distribution of intelligerineneterarchical production control of which
global behaviour, sometimes emerging, must be pragesafe and reliable with a sufficient
degree of real-time availability (Sanislav et a016).

At the intersection of the “Smart” and “Sustaindbfifmensions: the gap between these
dimensions is historically high (Thomas et al.,, 201The “Sustainable” and “Smart”
dimensions can be studied from the point of viewndélligent Products (Framling et al.,
2013). This dimension is being increasingly addrdgse design future, usable (and liveable)
industrial systems (Despeisse et al., 2012), (@iret., 2015).

This special issue attempts to reduce the gap eetweese three dimensions. The call for papers
fostered submissions in line with the editorialipplof the Elsevier Journ&@omputers in Industry.

It presents thus papers addressing at least thet slin@ension, but that look at the other two
dimensions, as shown in Table 1.

The next section provides a short description efitB papers composing this special issue.

Table 1. Coverage of the 3 'S’ dimensions by thefti&les published in this special issue.

Article Smart Safe Sustainable
(Leitdo et al., 2016) X X
(Morariu et al., 2016) X (x)
(Panescu and Pascal, 2016) X (x)
(Cerri and Terzi, 2016) X X
(Negri et al., 2016) X (x)
(Bayar et al., 2016) (x) X (x)
(Tang et al., 2016) (x) X

(Sallez et al., 2016)

(McFarlane et al., 2016)

)

(Giret et al., 2016)

)

Walha et al., 2016)

)

(Dang et al., 2016)

X
X
X
(Babiceanu and Seker, 2016) X (x)
X
X

)

4. Description of the papers composing this specialgge

As introduced earlier, Industry 4.0 is a Germatrtiative focusing on industrial production that
promotes the computerization of traditional indiestr aimed at designing intelligent factories
characterized by adaptability, efficiency, functdty, reliability, safety and usability, while sting

to integrate customers and business partners indsssprocesses and value chains. In this context,



the paper entitledifidustrial Automation based on Cyber-Physical Systd echnologies: Prototype
Implementations and Challengesiritten by Paulo Leitdo et al.addresses the topic of Cyber-
physical systems (CPS) (Leitdo et al., 2016). CBSstitute a suitable approach to achieve an
Industry 4.0 and an Industrial Internet vision. GB&ure a tight combination of computational and
physical elements to develop intelligent, dynaraig] self-* large-scale systems, covering inter- and
intra-enterprise integration, and providing sigrafit benefits in several emergent domains of
application such as smart grids/buildings/trangimm, and particularly in smart manufacturing.
This paper introduces an integrated methodologgeteelop intelligent, dynamic and self-* large-
scale cyber-physical systems. It is based on tleeofiservice-oriented multi-agent systems and
comprises four main steps: 1) use of Multi-agerdt&ys (MAS) to implement distributed
intelligence; 2) combination of MAS with some complentary technologies to overcome some
limitations of solutions implemented by MAS, namatyeroperability in vertical and horizontal
integration and integration with low level contrd) consideration of insights from social and
biological systems, which provide many simple bowprful mechanisms to handle complex
environments; and 4) call for technology enable@rsstipport the operation of ubiquitous CPS
environments..

Virtualization of manufacturing execution systenM&S) workloads offers enterprises a set of
design and operational advantages, the most vidibilag improved resource utilization and
flexibility of the overall solution. The paper dted “Redundancy and scalability for virtualized MES
systems with Programmable Infrastructusetittenby Octavian Morariu et al.explores redundancy
and scalability, as well as other important operatl advantages introduced through the use of
private clouds for MES virtualization within the rdext of the programmable infrastructure (PI)
concept (Morariu et al.,, 2016). Pl is a new arahtiteal approach in which the computing
infrastructure, represented by resources, netwankisstorage, becomes dynamic and is controlled
by the application, in contrast with traditionathitectures where the application has to adapt to a
static infrastructure. For MES applications, thegn of Pl has the potential to add a new layer o
flexibility and optimization by allowing quick coigfuration and re-configuration in real time based
on environmental changes, especially in the contéxtirtualization in a private cloud where
workloads can be provisioned and de-provisione@ahtime. In this context, this paper presents the
main redundancy and scalability requirements fa workloads identified in ISA-95.03-based
solutions and discusses in detail the strategiessare the redundancy and scalability requirements
of these workloads both individually and at solatievel. A pilot implementation based on Pl
conceptss also presented. The experimental results shevsystem’s response to a set of failure
scenarios, focusing on the reconfiguration timaofkloads and the dynamic response to increased
load, showcasing the scalability of the solution.

The paper entitledHolonic Coordination Obtained by Joining the ComtrdNet Protocol with
constraint Satisfaction'written by Doru Panescu and Carlos Pasc@kesents an additional step
towards the application of Holonic Manufacturings®&ms (HMS) by considering practical cases and
addressing some important issues regarding holordewtion and validation in HMS (Panescu and
Pascal, 2016). It shows how holarchies can be fatim®ugh a combination of Contract Net Protocol
(CNP) and the Distributed Constraint Satisfactioolbem (DisCSP), and how certain properties of
the solution obtained can be proved by using apatepPetri net models. This research work takes
into account holon classification and operatiomading to the HAPBA holonic architecture, which
was developed from the PROSA reference architeciittre focus is on the shop-floor level of a
company, and the scenarios considered refer tdipglsoprocesses, where robots must fill pallets
with different types of parts. The job descriptionludes specification of the types of parts aradrth
final positions; constraints are unknown at glolmlel, so it is almost impossible to apply a
centralized approach. The first phase of the coatdin scheme regards CNP. The manager
composes a first-phase solution that minimizestaked cost and dispatches corresponding interim
contracts. The second coordination stage then beghen the resource (robot) holons operate
according to the DisCSP by applying the technoligand environmental constraints in order to find



a detailed solution. Thus, the combination CNP sd3P leads to an efficient mechanism. The
decision regarding which holons must be includeithénholarchy that solves the manufacturing goal
is made in the first phase based on CNP. Thensélcend phase determines detailed plans for
resource holons according to all constraints. Tlthas conclude that the proposed coordination
sequence leads to a good trade-off between contykexi optimality.

In recent years, companies have been forced tonfiacgy changes, particularly with the pressure
of emerging low-cost countries which prevents thenaintaining a price-based strategy.
Environmental problems are considered more and mhoeeto the strict regulations and standards
imposed, like the Kyoto protocol or the tons of Bectives. One way to ensure sustainability is to
implement a product life cycle approach (US EPA,BRY, which enables companies to assess the
total cost and the total environmental impact. 8ithe 60s, methodologies to support the evaluation
of the costs and environmental impacts generatedighout the whole product life cycle have been
developed. In the light of all this, the aim of tpaper entitled Proposal of a Toolset for the
Improvement of Industrial Systems' Life Cycle Soahality through the Ultilization of ICT
Technologies written by Daniele Cerri and Sergio Terzis to present a framework for the
improvement of Industrial Systems’ Life Cycle susédility through the use of ICT (Cerri and Terzi,
2016). The framework is based on two tools: i) PLE@oduct Life Cycle Optimization), a tool to
identify an optimal life cycle-oriented solution igh defines the optimal composition of production
line stations in order to minimize life cycle coatydd life cycle environmental impacts; and ii) PLM
Data Analysis, which has the potential to collagé amounts of field data from the line stations$ an
to process these data in order to return usefornmhtion for designers and system engineers. At
practical level, PLM Data Analysis can collect diatam files by importing csv files from workstation
PLC or by using the new QLM (Quantum Lifecycle Mgament) language developed by The Open
Group. This framework is then applied to a realectsat simulates the system life cycle of an
assembly line produced by a global company seihidgstrial systems (assembly or manufacturing
lines), mainly in the automotive sector.

The paper entitletRequirements and languages for the semantic regmeation of manufacturing
systems’written byElisa Negri et al.concerns the development of ontologies and ICT eptual
models allowing the formal and shared definitiorntltd types, properties and interrelationships of
entities for a particular domain of discourse, dnel use of these representations in a variety of
contexts (Negri et al., 2016). Ontologies are a whsepresenting knowledge related to a domain,
and this knowledge can be represented within autmnand software-based systems due to their
formal nature. This paper presents two areas difribotion: 1) It proposes a study of the semantic
languages and tools to support ontologies in thaufa&turing domain that are available in the
literature and commercially. ii) It shows a possibke of ontologies in the manufacturing domain to
overcome some problems related to attaining grdiabability and re-configurability of production
systems. The first contribution results from a tugh literature review and analysis using an
interdisciplinary approach covering the fields mdluistrial engineering, information technology, and
industrial automation. The second contribution aanglustrating the potentialities of the semantic
addition of ontologies to the paradigm of open m#tion of manufacturing systems. This paradigm
IS meant to be an answer to the problems of cofiewibility and re-configurability in production
systems at software level, and is achieved by deual a distributed control structure based on smar
components. Different solutions can be implemembecteate a network of smart components (i.e.
Cyber Physical System) using Profibus and Servigented Architectures; the latter is considered
in this paper. The result of this second contrifutis an industrial example that demonstrates the
relevance and industrial applicability of the captseintroduced above. In particular, the paper
presents the ontological modelling of a real indaktogistics system (a picking system) and
envisions the possible exploitation of this ontgiadycontrol level in the specified industrial cextt

Production systems are subject to several typetisofiptions. Such events lead to detrimental
consequences, including direct impacts and probddlenstream effects, usually called production



system risks. Disruptions and risks may break tbaticuity of workflows, disturb pre-set
organization processes, and prevent the produslystem from reaching its expected levels of
performance. The main objective of the paper eutitUsing immune designed ontologies to monitor
disruptions in manufacturing systemafitten byNawel Bayar et alis related to the on line detection
of disruptions and the study of their consequerazebling quick reaction and guided decision-
making (Bayar et al., 2016). Recently, biologicaimunity inspired the design of promising
integrated and generic frameworks to manage dismgptand risks in manufacturing systems.
However, these studies focused on designing thergewconceptual framework and suggesting
methodological guidelines to apply immune concegisl mechanisms to solve manufacturing
problems. They did not focus on showing the dafaitkesign of immune-type ontologies,
demonstrating their usage in detecting disturbgnadentifying risks and suggesting control
decisions, or discussing their integration and daampe with existing industrial information systems
and business process legacy software. In this p#perauthors provide the detailed design of an
immune-based ontology and show how to use it asohtd detect disruptions, identify risky
consequences and propose reaction decisions infataming systems. They consider a case study
from the steel industry, and the proposed tool rdoumtes to design-integrated and reactive
knowledge-based approaches for disruption and makagement, allowing software agents and
legacy systems to share and reuse knowledge alsouptions and risks in manufacturing systems.

Due to increasing energy requirements and assdcetgironmental impacts, manufacturing
companies are now facing new challenges to meegridemands in sustainability. Most existing
research on reducing energy consumption in proolicsicheduling problems focuses on static
scheduling models. However, many unexpected digmgpexist in a real-world production system
such as new job arrivals and machine breakdownthdrmpaper entitledEnergy-efficient dynamic
scheduling for a flexible flow shop using an immwarticle swarm optimizatiénwritten by
Dunbing Tang et al.the authors propose an approach to address treiy scheduling problem
with reduced energy consumption and increased makef®r flexible flow shop scheduling (Tang
et al., 2016). Firstly, a mathematical model fonmizing makespan and energy consumption is
defined to specify the dynamic scheduling probl&etondly, since the problem is strongly NP hard,
a novel algorithm based on improved particle swarptimization, inspired from a hormone
modulation mechanism, is adopted to search formimaed solution of the bi-objective model.
Finally, the numerical results from the experimeats reported to evaluate the performance and
efficiency of the proposed approach.

In the paper entitledOn the Activeness of Intelligent Physical Inter@eintainers” written by
Yves Sallez et athe stakes and challenges of Internet of Thingsliglt that a more distributed real
time approach will contribute to supporting a meficient organization (Sallez et al., 2016). le th
Pl (Physical Internet) concept, goods are encapsll@m modularly sized, reusable or recyclable
smart containers, called Pl-containers. The firatt pf the paper presents the physical and
informational requirements, as well as key fundiospecifications to fulfil logistics needs. The
second part presents the state of the art in éh@ &f Pl-containers and “smart” Pl-containers. The
notion of Pl-container activeness is describedthird part. In the context of PlI, communication,
memory and processing capabilities can be assdaiath the Pl-container to make it active so as to
support the previously introduced informationaluegments. With such capabilities, the container
can identify its state and report it, compare tédeswith the desired one, and send informatiog (e.
warnings) when certain conditions are met. The tfogart of the paper focuses on applicative
examples of the previous analysis framework. Seéwagnalications (basic traceability, monitoring of
perishable freight and reactive routing in a PlJhaie successively presented and analysed.

Modern logistics is becoming increasingly challempiwith the need to directly support
interactions with the end customer rather tharrétaler. The customer, especially in e-commerce,
seeks the spontaneity and immediateness of "HigieStshopping with the range, pricing, and
convenience of remote purchasing via the interndtyotelephone. The paper entitlehtelligent



Logistics: Involving the Customemritten by Duncan McFarlane et aktudies the ways in which
the logistics customer can get “closer” to his/better via automated software describing his/her
needs and preferences to the logistics providdimgdeaith his/her order (McFarlane et al., 201&). |
this way, changing customer preferences such as crgstomization, changing delivery details or
priorities will automatically be conveyed to therefaouse and the management of the order amended
- potentially during the execution of the order.eTauthors argue that in the extensive field of
intelligent logistics, a smart customer-orientellison could be attractive in some circumstances an
that it may be conveniently implemented using titelligent product model. This is done through
both a high level definition and a series of pdssibdustrial scenarios. A review of recent work in
developing a game theoretic framework for qualtti assessing benefits for providers and
customers from customer-oriented logistics offesing also presented. The benefit analysis
demonstrates the conditions under which the proade/or customer will benefit from customer-
oriented logistics in terms of cost selection, iy requirements, and the nature of the logistics
operations. The authors also examine the questibinew to develop and deploy customer-oriented
logistics and how the provider can prepare and ge&hé#s operations most effectively to allow more
customer interventions during order execution. Iginahe authors investigate the challenges of
deploying intelligent product-based systems in emments where there is an operational
Warehouse Management System, and discuss the ipbtdr#nges and extensions required.

Service Oriented Manufacturing Systems (SoMS) argeatly emerging to help with the
implementation of enterprise business partnerséiyarks in which each participant provides others
with specialized services. However, these systemsanplex and hard to engineer. The main source
of complexity is the number of different technolegji standards, functions, protocols, and execution
environments that must be integrated in order tapce them. The paper entitlefii Engineering
Framework for Service-Oriented Intelligent Manufaaig Systemsivritten byAdriana Giret et al.
proposes a framework and associated engineerirrgagpto assist Service-Oriented Manufacturing
System developers (Giret et al., 2016). The appreambines Multi-agent Systems with Service-
Oriented Architectures for the functional developtnef intelligent automation control and execution
of manufacturing systems.

The paper entitledBig Data and Virtualization for Manufacturing CybBhysical Systems: A
Survey of the Current Status and Future Outloekitten by Radu F. Babiceanu and Remzi Seker
highlights how advances in sensor and communicaionnologies can provide the foundations for
linking the physical facility and machine world tlee cyber world of Internet applications and the
software world (Babiceanu and Seker, 2016). A sepaoked manufacturing system, in which each
process or piece of equipment providing eventssaatis information, coupled with market research
for true advanced Big Data analytics, seem to phe right ingredients for event response
selection and operation virtualization, thus movimgnufacturing operations closer to the cloud
manufacturing paradigm. This work provides a corhensive literature review of the current status
of virtualization and cloud-based services for nfaowring systems, and the use of Big Data
analytics for manufacturing operation planning aadtrol. The authors propose a framework for the
development of manufacturing cyber-physical systdrasinclude capabilities for connecting to the
Internet of Things, and for complex event procegsind Big Data algorithmic analytics.

In the paper entitledA rail-road Pl-hub allocation problem, active anéactive approaches”
written by F. Walha et al. the authors looked at the promising Physicalrie (PI) paradigm,
focusing on PI crossdocking systems named “raittrolub” (Walha et al, 2016). They studied the
optimization of the distance travelled by each aomr to docks and the number of trucks used. To
achieve this, heuristic, metaheuristic and mule+ggbased approaches are proposed. With a given
sequence of all containers in the train, the preddeeuristic approach can assign these contamers t
outbound doors. A Simulating Annealing (SA) methimghroves this allocation by minimizing the
distance travelled. A multi-agent system modelss @roposed to generate reactive solutions which
take dynamic aspects into account. The experimeesallts show that the proposed SA allows an



improvement of about 2.42 to 7.67% in comparisoththe solution generated by the heuristic; it
provides robust results within a reasonable timddiionally, the multi-agent-based approach
provides good solutions in case of perturbationsn@xpected events.

In the paper entitledElectromagnetic Modular Smart Surface Architectared Control in a
Microfactory Context” written by Dang et al, an electromagnetic conveyance system called
electromagnetic modular Smart Surface (emSS) isepted. It enables pallets to be moved on a
planar surface in a microfactory context (Dang let 2016). The objective of this system is to
reconfigure the production system layout as flexibk possible according to routing files. A
framework is defined to monitor and control the &n$/ simulation or in-line, and to minimize
human interventions by changing product routingm@SS component failures occur. Experiments
were conducted on an emSS prototype, allowing tmeparison of two strategies regarding cost
function linked to energy consumption and velositie

5. Perspectives of future research in the ‘3S’ dimensn

As expressed above, there is a clear lack of cgewnerwell-balanced R&D activities between the
smart, safe and sustainable dimensions to obt#dinusable and liveable systems. In this chapter,
we discuss some new lines of research that will ereergent information and communication
technologies for the convergence of the ‘3S'.

5.1. Future research in the “Safe” dimension to integratthe ‘3S’

Most of existing research relative to this topiacerns the food distribution channel (Akkerman et
al., 2010) or urban life (Raco, 2007) and, as neslly introduced, big or complex integrated systems
(energy plant for example). From our point of viglag “safe” dimension is not sufficiently studied,
especially by researchers working on smart ICTsystems (cf. figure 1). As a clear example of this
shortcoming, we consider the following example: &estwarm of embedded systems, integrated into
large CPS. These CPS are composed of Intelligesduets, smart machines, and resources, for
example. This is currently a widespread approael ts design future industrial systems. However,
there are currently no contributions along with elggability studies, which clearly forbids any real
full-scale implementation of the proposed solution.

One reason comes from the fact that these embesidtems are small (e.g., electronic cards
attached for a resource of a product), compargde@omplex systems initially addressed by safety
designers (train, plane, nuclear plant...) (Zamoglal., 2012). For each of these “small” systems,
researchers consider that either the safety stadsesut of scope or their nonexistence is notsky
but they are making a fundamental mistake. The nugeber of these “small” systems will generate
a non-negligible risk for global safety because@méxpected emerging behaviours or because of the
conditional global probability of failure that ireases rapidly for a large set of small, nearlyquzyf
interacting “small” components.

Another reason comes from the fact that when deuaipfuture products, processes and industrial
systems, researchers deal mainly with physicaliaftmational flow management. They seldom
collaborate with researchers working on dependsglahd risk management. Typically, they do not
ask themselves questions such as “What if sometstoarponents fail?”, “Is it possible for my
system to generate hazardous command signals,|“@nsider possible external threats?”, “Has
my system been designed in conjunction with intisas with human operators?” (Trentesaux and
Millot, 2016).

A third reason comes from the fact that most retearmed at designing embedded systems (and
CPS) in industry is currently seeking to reach tpeof-of-concept” stage and not the final
“industrialization” stage for which such studies aompulsory.



From our point of view, this issue must obviousiyrbsolved and there are a huge number of ways
to address the safe dimension of future productg;gsses and industrial systems. For example, a
first research activity would bring together resbars in dependability/safety and researchers in
smart systems, e.g., (Cauffriez et al., 2016).years, researchers in safety and dependabilityngavi
been putting some effort into studying interconadtommunicating systems, assuming that a
network with limited reliability is used (Zhu, 20 his is clearly interesting for researchers virmgk
on smart industrial systems, but these studietioansider the full functional expectations forasn
systems with regard to their ability to react, adapconfigure, re-organize and self-organize
themselves (Le Mortellec et al., 2013). This isstunew innovative field of research for the former
researchers while the latter should benefit froplaigng smart systems with proven dependability
and safety levels.

A second promising research activity should deti Wwow potential benefits from down-streaming
and up-streaming information across the lifecydlages of smart products and industrial systems
would increase the reliability and availability sfich systems (Sallez et al., 2010). For example,
during manufacturing, safety mainly concerns thdustrial system’s maintainability through
predictive and/or proactive maintenance while aeotiew line concerns prognostics and health
management of smart systems. According to thisdogmg the idea is to generate a prognosis related
to resources, or more generally to the shop-flamedd on stochastic algorithms. Thus, the PHM
(Prognostics and Health Management) concept extiedslea of predictive maintenance thanks to
the optimization of maintenance and logistic suppmimprove availability and reduce costs (Scanff
et al., 2007). The most important way to achieve ithto capture in real time, information from the
sensors and all follow-up appliances providing tinfation about the shop-floor state (resources,
material flow and environment) (Dumitrache and Bwia, 2012), (Borangiu et al., 2015a).
Availability and reliability will be optimized thnaghout the lifecycle through successive upgrades,
or being redesigned or overhauled.

5.2. Future research in the “Sustainable” dimension tmiegrate the ‘3S’

The sustainable dimension is also rarely addres$eth working on future products, processes and
industrial systems. Despite some efforts at higlelke (typically supply chain level) or at technical
level (e.g., “green” technologies), intermediarydks that typically deal with intelligent and smart
planning, scheduling and control, are still notradded from a sustainability perspective (Girel.et
2015). Until now, the most studied field relevamtsustainability at this level is energy (Prabhu et
al., 2015), (Raileanu et al., 2015). The questsohaw smart entities, intelligent products or fetur
industrial systems can provide new solutions taeaeh“green” functioning or liveable industrial
conditions.

It has been highlighted how smart industrial argldtics systems can improve the efficiency of
the industrial systeraonsidered, by enhancing reactivity, decision mgkinventory management
and so on (Thomas and Trentesaux, 2014). In thsesesuch intelligent systems are already
sustainable because they lead to better economititmmns increasing system resilience and thus
sustainability (Prabhu, 2012), (Prabhu et al., 20XRaileanu et al., 2015). Product-carried
information leads to economic improvement, as fnesly introduced, saving time in operational
management, saving resource capacities in schegd(ferrera et al.,, 2012) or saving energy in
implementation (Pach et al., 2015). Moreover, sortedligent and smart industrial applications were
implemented that sought to reproduce animal belbavising biomimetic control approaches
(Karnouskos et al.,, 2009). Concerning energy savingr example, opportunistic energy
management at shop floor level may be naturallyessdd using smart intelligent distributed devices
(Trentesaux and Giret, 2015). A typical illustratiof this approach is proposed by (Karnouskos et
al., 2009). Lately, the emerging concept of thedrtal Internet is also an emanation of these smart
industrial and logistics systems (Montreuil, 2011).



In addition, some recent research concerns prodndt material recyclability (Derigent and
Thomas, 2016), but no work relevant to processegclability was found. The main subject of
existing articles concerns reverse logistics mamege (Linton et al., 2007), as well as how to Selec
which components have to be recycled, but not mwanage their recycling process. Recently,
Graedel and Allenby expressed the problem of indsécology and sustainable engineering
(Graedel and Allenby, 2010). In their article, (Duand Steinemann, 1998) analyse the Kalundborg
eco-industrial system in Denmark to highlight héwe tconcept can ensure implementation of the key
sustainability principles. Van Gorp (van Gorp, 2p@ialyses the ways in which designers deal with
ethical considerations, taking into account safetgt sustainability in engineering design processes.
But finally, and to the best of our knowledge, fetdies have been conducted on process durability
concepts. Moreover, no work dealing with ways afradsing the third pillar (social), or all three
together, with ICT and smart solutions, was fouhdeems obvious that on-line information, real-
time communication, dynamic data storage and sevidhbe arguments for using ICT in technical,
industrial and human systems. In addition, thedfiet investigation and the prospects are very
extensive: energy and material reduction, systerahility, cost control, employability, and so on.
One of the interests of taking into account theersustainable pillars thanks to ICT is the lowt cos
of information gathering, activity follow-up andatreability, reporting... that are still obstacles in
such sustainable projects. That is why new researdt address these concepts in order to develop
an increasingly sustainable industrial world.

5.3. Future research in the “Smart” dimension to integta the ‘3S’

In this special issue, the smart dimension is liggche most frequently addressed among the ‘3S’.
It has a big impact on the other two, Safe and duable, for which it provides permanent
development support through constantly changingnelogical solutions. There are numerous future
lines of research in the “Smart” direction integrgtthe ‘3S’, mainly due to the ambitious
performance objectives of dependability, perforngaaed greenness that converge through the ‘3S’
leading to the digital transformation of manufautgr In this section, we describe some of the most
challenging potential lines of research.

From our perspective, research in the “Smart” disr@nwill accelerate the digital transformation
of manufacturing through:

1. Instrumentation of manufacturing resources (machingbots, AGVs, storage, product carriers,
buffers, etc.) and environment (workplaces, maltioe, transport, access points, etc.) allowing
product routing and traceability, production tramkievaluation of resource status and quality of
services, etc.

2. Interconnection of orders, products / componentsaterials, resources in a service-oriented
approach using multiple communication technologwseless, broadband Internet, mobile
applications (Morel et al., 2003).

3. Intelligent, distributed production control via:

New controls based on ICT convergence in automatavotics, vision, multi-agent control
and holonic organization, which makes the smatbfggossible.

New operations based on product and process mugleliid simulation. Ontologies that are
becoming “common vocabulary” to provide semantisadgtions/abstract models of the
manufacturing domain: core ontology — modellingasembly processes (resources, jobs,
dependencies, etc.); scene ontology — modellinguymioflow; events ontology — modelling
various expected/unexpected events and disruptidieese models and knowledge
representation make the digital factory possiblerégiu et al., 2009), (Raileanu et al., 2014).
Novel management of complex manufacturing valueinshdproduction, supply, sales,
delivery, after-sale services) for the networkedual factory a) across manufacturing sites:
logistics, material flows, and b) across the pradifecycle.



There are “Smart” control solutions, architectuaad applications developed which rely on:

1. Distributed Intelligent Control at Manufacturing Execution System (MES) and sHoprf
levels based on ICT frameworks: distributed cordimbss autonomous intelligent units (agents),
multi-agent system@®1AS), holonicorganizations and product-driven automation.

2. Service Oriented Architectures(SOA), increasingly used asplementation means for MAS
Business and process information systems integratiol interoperability at enterprise level will
require the customized product to be “active cdleroof the enterprise resources, thus providing
consistency between the material and informatiofialvs. Service orientation in the
manufacturing domain is not limited to just webvses, but will transpose the choreography and
orchestration concepts from the information tecbhgyplrealnto the shop floor process area.

3. Manufacturing Service Bus(MSB 2.0) integration model: an adaptation of Entise Service
Bus (ESB) technology for manufacturing enterprisgsintroduces the principle obus
communication between the manufacturing laysesng an intermediary for data flows and
ensuring loose coupling of manufacturing modulesr@iu, 2013).

Holonic Manufacturing Systems (HMS) (Valckenaersl aran Brussel, 2005) and SOA are
currently two of the most studied and referencetlit®ms for the next generation of smart
manufacturing control systems. Both of these sohgtiprovide the necessary guidelines to create
open, flexible and agile control environments fonast, digital and networked factories. The
combination of both paradigms appears to be aafttrgctive solution for the new generation of MES
thanks to the flexibility provided by (a) HMS asauctural level in the control architecture, abyl (
SOA at process level, with the decomposition ar@psulation of manufacturing processes allowing
their distribution among resources.

The holonic approach is the main engine for thé&aligransformation of manufacturing at MES
middle layer and shop-floor production control laykevel regarding “Distribution” and
“Intelligence”. The Holonic manufacturing paradigsi based on defining a main set of assets:
resources (technology, humans - reflecting the yweds profile, capabilities, skills), orders
(reflecting the business solutions), and produ&tfecting the client’'s needs, value propositions)
represented by holons communicating and collabayat holarchies to reach a common goal —
expressed by orders (Borangiu et al., 2013), (Nevas., 2012). Due to the fact that:

[Holon] < [Physical Asset] + [Agent = Information counterpar (1)

it becomes possible to solve all specific actigiti physical manufacturing (batch planning,
product scheduling, resource allocation, inventagpgate, product routing, execution, packaging,
tracking and quality control) i) triggered by rdmhe events gathered from the manufacturing
structure processes and devices, and ii) contralledal time, with orchestration and choreography
assured by SOA in standard secure mode at infoomadtievel. Thus, the holarchy created by the
holons defined for any HMS acts as a Physical MAdgent System (PMAS), or a CPS, transposing
the inherent distribution induced by an agent immatation framework to the physical realm
according to defined manufacturing ontologies.

Cloud manufacturing (CMfg) and MES virtualizationiliwbe introduced in future “Smart”
developments as a networked and service-orientedufaeturing model focusing on new
opportunities in the field of networked manufaabgriNM), as enabled by the emergence of cloud
computing platforms. The cloud-based service dgfiveodel for the manufacturing industry
includes product design, batch planning, produeedaling, real-time manufacturing control, testing,
management and all other stages of a productydle¢Morariu et al., 2013a), (Morariu et al., 2014
(Morariu et al., 2015).

Another important research area concerns the stiidgsource virtualization techniques and
resource sharing in manufacturing environments. idmovative model, recently proposed for



resource sharing in grid manufacturing, is compadestveral layers: a network infrastructure layer,
a manufacturing resource aggregation layer, a naahwing resource management layer, a
manufacturing service application layer and a pdatger. It is currently agreed that resource and
resource capability virtualization and modellingonesent the starting point for encapsulating
manufacturing services in the cloud (Wang and X01,3).

The cloud adoption strategy results in an architectthat is robust enough to ensure the
information flow is in sync with the material float all times (Colombo et al., 2014), and at theesam
time flexible enough to allow dynamic reconfiguoatiand SOA governance(Babiceanu and Chen,
2006), (Borangiu et al., 2009). Standard alignmisnalso an important factor to consider for
interoperability and reuse.

In this context, MES virtualization involves migiat of all MES workloads, traditionally executed
on physical machines, to the data centre, and sueeifically to the private cloud infrastructure as
virtual workloads. The idea is to run all the cohsoftware in a virtualized environment and only
keep the physical resources with their dedicated tiene controllers on the shop floor. This
separation between hardware resources and softivarecontrols them provides a new level of
flexibility and agility for the manufacturing solah (Wu and Yang, 2010), (Wang et al., 2012),
(Cheng et al., 2010).

The concept of Intelligent Products (IP) (McFarlateal., 2013), (Meyer et al., 2009) will be
exploited in future research in the domain of “Sm@ms”. The characteristics of the intelligent
product and the fundamental ideas behind it cao &l found in other emerging “Smart”
technological topics, such as smart objects, objecdutonomous logistics and the Internet of Thing
Circumstances have been identified (Morariu et2113b) under which product intelligence as a
paradigm for designing an information managementrenment might prove to be superior to a
more conventional approach to managing the moveofenproduct as part of the logistical planning
system of an organization. In manufacturing, thtelligent Product is the driver for heterarchical
operations scheduling and resource allocation, elsas product-driven automation (Leitdo et al.,
2015), (Framling et al., 2013).

To conclude this outlook relating to the “smartmgdinsion of future products, processes and
industrial systems, challenges concerning the “8rdanension such as predicting unexpected, real-
time resource team reconfiguration for the agtityirtualization of production workloads, address
many production systems. Beyond product intelligenaver the next few years, bio-inspired
paradigms will be also proposed, and developmenbstéernet, multi-agent software, flexible logic
controllers, radio frequency tagging, and real taata management will help provide a platform for
developing these solutions.

6. Conclusion

Considerable research efforts have been put itmuieg smart systems by themselves, but too
little attention has been paid to the developmdntsmart and safe” systems as well as to the
development of “smart and sustainable” systems,admdst no attention at all has been paid to the
development of “smart, safe and sustainable” systé® a clear illustration of this, the 13 articies
this special issue addressed one or two dimenshartsnot actually the ‘3S’ simultaneously. As
emerging ICT concepts are increasingly understombused, the guest editors of this special issue
stress the necessity for researchers to interegfy tesearch efforts to enable the convergentieeof
‘3S’, which is a basic requirement to design usalnld liveable products, processes and industrial
systems. From our point of view, to be usable anehble, these future systems will need to be
simultaneously safe, smart and sustainable.
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