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Preface

This volume gathers the peer-reviewed papers which were presented at the 7th
edition of the International Workshop “Service Orientation in Holonic and
Multi-agent Manufacturing—SOHOMA’17” organized on 19–20 October, 2017 by
the University of Nantes, France in collaboration with the CIMR Research Centre in
Computer Integrated Manufacturing and Robotics of the University Politehnica of
Bucharest, Romania, the LAMIH Laboratory of Industrial and Human Automation
Control, Mechanical Engineering and Computer Science of the University of
Valenciennes and Hainaut-Cambrésis, France and the CRAN Research Centre for
Automatic Control, Nancy of the University of Lorraine, France.

The main objective of the SOHOMA’17 Workshop is to foster innovation in
smart and sustainable manufacturing and logistics systems and in this context to
promote concepts, methods and solutions addressing trends in service orientation of
agent-based control technologies with distributed intelligence.

The book is structured in eight parts, each one grouping a number of chapters
describing research in actual domains of the digital transformation in manufacturing
and trends in future service and computing-oriented manufacturing control: Part 1:
Advanced Manufacturing Control, Part 2: Big Data Management, Part 3:
Cyber-Physical Production Systems, Part 4: Cloud- and Cyber-Physical Systems
for Smart and Sustainable Manufacturing, Part 5: Simulation for Physical Internet
and Intelligent & Sustainable Logistics Systems, Part 6: Formal Methods and
Advanced Scheduling for Future Industrial Systems, Part 7: Applications and
Demonstrators, Part 8: Production and Logistic Control Systems.

These eight evolution lines have in common concepts, methodologies and
implementing frameworks of new Service-oriented Information and Commu-
nication Technologies for intelligent and sustainable manufacturing and
logistics systems.

The theme of the SOHOMA’17 Workshop was “Emerging ICT for intelligent
and sustainable manufacturing and logistics systems”.

By defining an Internet-scale platform for networked production encapsulating
the right abstractions to link effectively and scalably the various stakeholders of the
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Manufacturing Value Chain (materials and component producers, manufacturing
plants, technology providers, services, and integrators), the actual vision and ini-
tiatives about developing generic architectures and core technologies for the Digital
Transformation of Manufacturing (DTM) are presented in the research reported in
the workshop, and included in the present book.

An effect of this initiative is shifting from good-dominant logic to
service-dominant logic (also expressed as Product-Service Extension) which
enhances the utility of product delivered to customer, e.g. installing,
configuring/tuning, training the customer, repairing, maintaining/upgrading) adding
value in customer operations.

The global vision for DTM refers to: (i) Pervasive instrumenting manufacturing
resources, materials flows and environments, (ii) Interconnecting orders, products
and resources in a secured Industrial Internet of Things (IIoT), (iii) Taking smart
decisions in production management and control by distributing intelligence among
multi-agent systems (MAS) acting as information counterparts of physical assets,
and orchestrating production workflows as manufacturing services in
service-oriented architectures (SOA).

Some issues are addressed in this context:
Markets are currently demanding customized high-quality products with shorter

delivery times, forcing companies to adapt their processes by the help of flexible
and reconfigurable production plants and supply chains. This leads to the challenge
of designing systems that exhibit better reconfigurability, agility, robustness, resi-
lience and responsiveness while ensuring at the same time maintainability, sus-
tainability and long-term performances of their instrumented processes, services,
resources, products and logistics systems.

IIoT interconnection is based on the interaction of a multitude of various,
instrumented, interconnected and even decision-capable smart objects (generated
within the industrial systems), embedded or distant, agentified or purely digital.
Developing solutions via these “bottom-up” approaches may lead to emerging
behaviour that must be integrated with existing “top-down” approaches, the latter
being most of the time centralized or hierarchy-based management systems.

Service orientation of production, control and supervision processes applied to
enterprise have gained increasing attention in the recent past, promising a way to
create the basis for enterprise agility so that companies deliver new, more flexible
business processes that harness the value of service approach from a customer's
perspective.

The 7th edition of the SOHOMA workshop focussed on these challenges
proposing solutions. It examined the way emerging “bottom-up” behaviours are
integrated with “top-down” approaches in an efficient and effective way to con-
stitute hybrid control systems capable to meet industrial needs. It contributed to
innovation in sustainable manufacturing promoting concepts, methods, solutions
exemplified on case studies addressing trends in the service orientation of
agent-based control technologies with distributed intelligence and in the vertical
integration of the enterprise.
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The scientific event draw on research developed in the last years in the scientific
community SOHOMA in the main lines:

• IT-modelling techniques (UML, Object Orientation, Agents, etc.) for automa-
tion systems

• Holonic architectures and Multi-agent frameworks for smart, safe and sustain-
able industrial systems

• Intelligent products, orders and systems in industry
• Service orientation of control and management in the manufacturing value chain
• Issues of agility, flexibility, safety, resilience and reconfigurability in industrial

systems with new service-oriented ICT: cloud, Web, SOA
• Cyber-Physical Production Systems and Industrial IoT for Industry 4.0

The application space for these types of development is very broad. The 7th
edition of SOHOMA addressed aspects of industrial systems management includ-
ing classes of applications of the type:

• Manufacturing supply chain: management of production, logistics, transporta-
tion, etc

• Industrial services, maintenance and repair operations
• Management and control of discrete and semi-continuous processes with hybrid

and supervised control.

The implementing space for these application classes included the new digital
transformation frameworks and technologies, as the one advocated by “Industrie
4.0” or “Industry of the future” concepts. Digitalization relates to the interaction
between the physical and informational worlds through data and knowledge man-
agement as well as virtualization of products, processes and resources managed as
services.

Cloud Manufacturing (CMfg), based on the virtualization of control and com-
puting resources, has the potential to move from production-oriented manufacturing
processes to customer- and service-oriented manufacturing process networks, e.g.
by modelling single manufacturing assets as services in a similar way as SaaS or
PaaS software service solutions. In CMfg, all manufacturing resources and abilities
for the manufacturing life cycle can be provided in different service models. The
Industrial IoT (IIoT) integrated in the cloud allows creating novel network archi-
tectures seamlessly integrating smart connected objects, and distinct cloud service
providers. The IIoT represents a core enabler for product-centric control and
increasing servitization: the product directly requests processing, assembly and
materials handling from available providers while it is in execution and delivery.
The product monitors its own status, notifies the user when something goes wrong,
helps the user to find and access the necessary product-related models and infor-
mation from manufacturers in the CMfg ecosystem and eases the synchronization
of product-related data and models.

To achieve high levels of productivity growth and agility to market changes,
manufacturers will need to leverage Big Data sets to drive efficiency across the
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networked enterprise. A number of contributions formulate proposals for frame-
works allowing the development of Cyber-Physical Production Systems (CPPS)
with sensing, actuating, computing, communication, control and supervising
devices embedded in physical objects, interconnected through several types of
networks including the Internet, and providing new business models: Direct Digital
Manufacturing, Cloud MES, SOA, product-driven automation, product-service
extension for a wide range of industrial applications. CPPS include capabilities for
complex event processing and Big Data analytics within the Contextual Enterprise.

Some papers are related to the Industry 4.0 vision to support processes con-
nected with the industrial revolution based on CPPS: pervasive instrumenting,
resource virtualization, enterprise integration and networking, Big Data analytics
and digital engineering.

A brief description of the book chapters is as follows.
Part I reports recent advances and ongoing research in Advanced Manufacturing

Control. The contributions point at: MAS architectures for zero defect multi-stage
manufacturing based on distributed data collection and balancing of data analysis
for monitoring and adaptation among cloud and edge layers to enable earlier
detection of process and product variability and knowledge generation by corre-
lating the aggregated data; Supply Chain Management with decision support for
multicriteria supplier selection; Environmental assessment using lean-based tools
that measure how environmentally efficient manufacturing operations are executed;
Operational resilience as the ability of an industrial operation to respond and
recover in the face of unexpected or uncontrollable disruptions, and influence the
decision-making processes for production control; MAS-based intelligent manu-
facturing control for enterprises facing high rework rate.

Part II includes papers devoted to Big Data Management. The included papers
refer to: Distributing data storage by uniformly integrating large number of
micro-sensor nodes in objects with cluster-based communication protocol in WSN;
Data management architectures for the improvement of availability and maintain-
ability of fleets of complex transportation systems; Solutions to transform raw big
data into high-level knowledge usable by engineers and managers, applied in the
train transportation domain; Situation awareness in product lifecycle information
systems (PLIM) treating massive data, generated by IoT infrastructure.

Part III discusses Cyber-Physical Production Systems, used to realize Industry
4.0 compliant systems, and integrating several emergent technologies such as
Internet of Things, Big Data, Cloud Computing and multi-agent systems. The
following subjects are developed: Agent-oriented software engineering for the
requirements analysis, design and validation of CPPS; Self-organized
cyber-physical conveyor systems built from intelligent transfer modules; Hybrid
approaches to industrial symbiosis through Agent-Based Modelling (ABM) and
System Dynamics (SD); The new concept of cooperative safety bubble, aiming at
insuring the operator’s safety by cooperation among safe robotized systems and
safety devices.
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Part IV includes recent research in the area of Cloud- and Cyber-Physical
Systems for Smart and Sustainable Manufacturing. The contributions describe:
Replication techniques for resource agents on the cloud, adding the capability of
high availability service offered to order agents requesting operations; Relationships
between Cloud Computing and Cloud Manufacturing, introducing the Cloud
Anything new core-enabling vision based on abstracting low-level resources,
beyond computing resources, into a set of core control building blocks providing
the grounds on top of which any domain could be “cloudified”, including Cloud
Manufacturing; Adaptability of holonic manufacturing systems (HMS) obtained by
coupling two techniques used in multi-agent systems: resource allocation by
Contract Net Protocol and constrained satisfaction by Weak Commitment Search
(WCS) algorithm; Software-Defined Networking (SDN) based models and plat-
forms for secure interoperability of manufacturing operations; Real-time machine
learning for large-scale manufacturing systems that can predict various scenarios
before service degradation occurs, thus allowing for corrective actions (resources
capable of reporting their state and a set of KPIs and intelligent products create a
high-level loop of information flow, such that real-time data streams flowing from
the shop floor into the Manufacturing Service Bus (MSB) are subject to series of
map–reduce aggregations, followed by machine learning on aggregated streams;
once the information is correlated and consolidated, the MES scheduler uses that
information for decision support).

Part V groups papers reporting research in Simulation for Physical Internet and
Intelligent & Sustainable Logistics Systems. An implementation framework
enabling benchmarking of Holonic Manufacturing Systems is proposed; the aim is
to develop the design and implementing solution of both the control system and the
emulation model of generic, customizable shop floor infrastructure and process
classes allowing the standardization of benchmarking initiatives and the application
of various benchmarks. Other contributions are related to: Modelling and simula-
tion of complex systems using distributed simulation standard HLA (High Level
Architecture) to solve interoperability problems; ORCA hybrid control architecture
of railroad PI-hub based on the innovative Physical Internet (PI) paradigm, inspired
from the Digital Internet, allows encapsulating goods in modularly dimensioned
easy-to-interlock smart PI containers designed to flow efficiently in connected
networks of logistics services; Analysis of the robustness of PI-hub cross-docking, a
logistics process that consists in receiving freight through unloading docks and then
transferring them to the outgoing docks with almost no storage in between;
Cyber-Physical Logistics System for Physical Internet, based on the holonic
paradigm.

Part VI introduces contributions to Formal Methods and Advanced Scheduling
for Future Industrial Systems. A new HMI scheduling model is implemented on a
real manufacturing scheduling system: the model is adapted to the “groups of
permutable jobs” method to cope with shop perturbations. The robustness of pro-
duction schedules is then evaluated through simulation based on statistical check-
ing; uncertainties related to mass customization (volume and mix of the demand)
and the states of the resources (failures, performance degradation, etc.) are
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considered. A method and technique to design, verify and deploy trusted services
for Cyber-Physical Manufacturing Systems, possibly on the fly, is introduced.
Discrete event simulation or digital twin is a very effective tool for “what-if”
scenarios, for every type of production system. One presented research work
transforms the Job-Shop Scheduling Problem (JSSP) into digital twin. The meta-
heuristic proposes initial and iteratively improved schedules of orders while the
discrete event simulation performs “what-if” scenario for each proposed schedule,
thus providing the quality measure of the schedule; this process is repeated until the
metaheuristic can no longer provide better schedule. A negotiation scenario using
agent-based modelling is finally developed and simulated to deal with dynamic
scheduling for disturbed manufacturing processes.

Part VII gathers contributions devoted to Applications and Demonstrators. The
papers included in this section address aspects of industrial systems management
including classes of applications of the type: Measuring the level of similarity of 3D
log scans in wood industry based on the iterative closest point method; Supervising
daily evaporation in salt marshes using autonomous custom-made devices that
embed distance sensors to periodically send measurements of water height to a base
station using an Ultra-High Frequency (UHF) radio link; Application of Hybrid
Holonic Control Model to gas pipeline network; Deployment of smart AGVs in
industry taking into account the tradeoff between smartness and the embedability
of their control.

Part VIII is devoted to Production and Logistic Control Systems. Papers in this
section present new rescheduling heuristic for flexible job-shop problem with
machine disruptions; the proposed rescheduling heuristic is based on using routing
flexibility to modify the assignment of directly and indirectly affected operations to
the others machines. Generic routings for ConWIP sizing in a multi-product
environment are then developed in a simulated workshop to select the best generic
routing. A study is presented on capacity measurement in two classes of shop floor
problems with multifunctional parallel machines. The study emphasizes, in the first
example, that the capacity measurement depends not only on machines capabilities,
on products requirements and on the imposed working time, but also on the allo-
cation strategy of groups of machines to groups of products, while the second
example shows that, in case of machines with unique operation unit time for all
operation types, the maximal number of operations executable in given working
time is a valid capacity measure. This book section also describes a method of
calculating the assembly and delivery plan for groupage cargoes in the special
Vehicle Routing Problem with Time Windows (VRPTW) problem of intra-city
food delivery.

The studies included in this book show that control paradigms for the manu-
facturing domain have evolved over time from centralized to decentralized or
semi-heterarchical and were mainly driven by the new trends in information and
communication technology such as: mobility, connectivity, increase of the deci-
sional capabilities, service orientation and more recently the usage of cloud
infrastructures to host control applications, run intensive optimization procedures
and store large amount of production and resource data.
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The book offers a new integrated vision on Cloud and HPC, Big Data, Analytics
and virtualization in Computing-oriented Manufacturing, combining emergent
information and communication technologies, service-oriented control of MAS and
holonic architectures as well as total enterprise integration solutions based on SOA
principles. The Manufacturing CPS (MCPS) philosophy adopts heterarchical and
collaborative control as its information system architecture, based on MAS–SOA
duality. In this approach, MAS and Data Analysis are the basic technologies pro-
posed to address the requirements and features envisioned by Industrie 4.0, and also
taking in consideration the MCPS principles. The first provides the conceptual
framework to realize the underline system infrastructure that is required to achieve
the desired flexibility and adaptability levels, while the second provides the proper
tools capable to analyse and obtain the required information to fulfil the desired
system functionalities, also taking advantage of the increased data availability.

The contributions in this book focus especially on how the digital transforma-
tion, as the one advocated by “Industrie 4.0” or “Industry of the future” concepts,
can lead to improve the maintainability and the sustainability of manufacturing
processes, products and logistics. Digital transformation relates to the interaction
between the physical and informational worlds. It is realized via virtualization of
products, processes and resources managed as services. The theoretical background
lies in data and knowledge management, amongst other fields.

All these aspects are treated in the present book, which we hope you will find
useful reading.

Bucharest, Romania Theodor Borangiu
Valenciennes, France Damien Trentesaux
Épinal, France André Thomas
Nantes, France Olivier Cardin
November 2017
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