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Foreword

Today, optimization and improvement efforts within established organizational
borders suffer from diminishing returns (i.e. the proverbial low-hanging fruits
have been picked already) whereas society is experiencing difficulties when
attempting to coordinate activities crossing these traditional borders at
unprecedented scales. Such large-scale cross-border coordination is urgently
needed to answer the challenges that our society is facing. For instance,
sustainable and energy-aware production cannot afford to compartmentalize its
systems and operate them in uncoordinated manners.

In this regard, note that these traditional borders have been defined by the
capabilities of established technology and solutions. In other words, the manner in
which these borders emerged implies with almost mathematical certainty (by a so-
called reduction ad absurdum) that the above challenges require innovative
solutions. Indeed, if established solutions would have been able to manage across
such borders, these borders had disappeared already whenever the competitive
advantage of superior coordination pushes the old borders into non-existence.
Improvements based on established designs will continue to improve
incrementally by translating and benefiting from technological progress in ICT as
well as the wider spreading of ICT skills but the own contribution of
enhancements to established designs will be minor when developers remain within
their comfort zones.

Novel solutions must change the manner in which systems are coupled and
interacting. Distributed intelligence is a first aspect of such novel approaches. It is
necessary if only because in a multi-organization setting, organizations will not
accept to yield control over their own data and information processing. Service
orientation provides answers because it decouples while shielding the internal
aspects and it generalizes what can be employed, activated and recruited amongst
different organizational entities. It also makes functionalities (services) available
in smaller compose-able and orchestrate-able chunks. In contrast, flexible
equipment such as robots allow service providers capable to offer generic services,
allowing to build complete production chains based on available service offerings
(less gaps to be filled by yet-to-be-developed systems).

Furthermore, the direct interaction and coordination of enterprises (resources)
is unlikely to scale in a dynamic and demanding environment. It requires too much
knowledge beyond knowing one-self, which makes such system designs short-
lived in a fast-changing context almost by definition. In the real world products
connect the resources and, consequently, intelligent products interacting with
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intelligent resources, offering intelligent services, are superior at mirroring a
coherent and consistent reality especially when this reality is dynamic. Both
intelligent products and intelligent resources need to be first-class citizens and
should not be reduced to data formats. Moreover, neither shall act on behalf of the
other; a single source of truth design is needed. In this context, intelligent products
driving their own production enables the scaling and coordination across
organizational borders, provided they do not make the mistake of reducing the
resources to data in some document formats.

Finally, insights in complex-adaptive systems need to be accounted for. For
instance, the insights from Herbert Simon lead to holonic systems. Equally
important, the need for a critical user mass relative to the size and complexity of
the (intelligent) artifacts that we develop has to be acknowledged. In particular,
software has reached levels of complexity that render the whole manufacturing
community as too small to deliver critical mass. Adopting, adapting and
completing mainstream technologies from the IT and the Telecom communities
are rapidly becoming unavoidable. The scenario of computer graphics in CAD —
benefiting from computer games — will become the norm. Our scientific
community needs to learn which mainstream technologies to select, adopt and
adapt, and make our current habit of developing too many manufacturing
automation only systems a part of history. The parts of the world that will do this
first will hurt the continents that stay behind.

In view of the above, this book contributes to the investigation, development,
understanding and validation of such innovative solutions. It does not deliver final
answers but documents the efforts that lead toward solutions that can make a
difference beyond the incremental.

December 2013 Paul Valckenaers
Professor, Catholic University of Leuven



Preface

This volume gathers the peer reviewed papers which were presented at the third
edition of the International Workshop “Service Orientation in Holonic and Multi-
agent Manufacturing and Robotics — SOHOMA’13” organized on June 20--22,
2013 by the Centre of Research in Computer Integrated Manufacturing and
Robotics — CIMR Bucharest, and hosted by the University of Valenciennes,
France.

The SOHOMA'’13 scientific event was organized in the framework of the
European project no. 264207 ERRIC, the objective of which is to foster
innovation in manufacturing control through intelligent IT and in this context to
empower excellence in research at the faculty of Automatic Control and Computer
Science within the University Politehnica of Bucharest.

The book is structured in five parts, each one covering a specific research
domain which represents a trend for modern manufacturing control: Distributed
Intelligence for Sustainable Manufacturing (Part 1), Holonic and Multi-Agent
Technologies for Manufacturing Planning and Control (Part 2), Service
Orientation in Manufacturing Management and Control (Part 3), Intelligent
Products and Product-driven Automation (Part 4) and Robotics for Manufacturing
and Services (Part 5).

These five evolution lines have in common concepts related to service
orientation in a distributed planning and control agent-based industrial
environment; today it is generally recognized that the Service Oriented Enterprise
Architecture paradigm has been looked upon as a suitable and effective approach
for industrial automation and management of manufacturing enterprises.

Manufacturing systems that use robot-vision workstations are amongst the most
complex and demanding artefacts in modern society but also amongst the most
valuable ones. The challenges include coping with their heterogeneous nature and
their on-line interactive nature in combination with competitive pressures. Off-line
plans are known to become invalid within minutes after arriving on the factory
floor. Therefore, researchers are looking into matching technologies which are
able to answer these challenges. Holonic systems are, actually by definition,
targeting such challenges. Agent technologies focus on interactive and
decentralized aspects. In particular, developments aim to deliver open systems and
system components, as well as infrastructure and infrastructural components rather
than closed systems. This open nature implies that developments will not solve
industrial problem on their own but rather contribute while avoiding the
unnecessary constraining of an overall solution.
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Technological advances in wireless sensor networks are enabling new levels of
distributed intelligence in several forms such as active products that interact with
the working environment and smart metering for monitoring the history of products
over their entire life cycle and the behaviour of resources. These distributed
intelligences offer new opportunities for developing techniques to reduce myopic
decision making in manufacturing control systems thereby potentially enhancing
their sustainability. Control architecture could itself switch modes of operation to
adapt to severe disruptions. Manufacturing sustainability is addressed in this
special issue with respect to: circular economy paradigm, fault-tolerance to
disturbances; energy efficiency at resource and shop floor level; balancing resource
usage; cost efficiency and in line quality control of products. Innovative services
will be enablers and drivers of growth of next generation of manufacturing
enterprises that are competitive and sustainable. Finally, the debate was open on the
question: Are Intelligent Manufacturing and Services Systems sustainable?

Several frameworks are proposed for classifying, analysing initiatives and
potentially developing distributed intelligent automation systems. These frameworks
will be referred to in the book as the Distributed Intelligent Automation Systems
Grid. In particular we are interested in systems in which the planning or execution of
tasks normally associated with a centralized operational level are reassigned to be
carried out instead by a number of units at a different level. Or conversely, a task
normally using information from a single source makes use of data spread across a
range of operations — and potentially a range of organisations.

The book defines and explains the main ways to implement intelligent
products: by putting intelligence at the object (Intelligent Embedded Systems) or
through the computing network (using Automatic or Biometric Identification and
Data Capture technology attached to the product to allow it to be identified by a
computer system). These technologies enable the automated identification of
objects, the collection of data about them, and the storage of that data directly into
computer systems.

The service-oriented multi-agent systems (SOMAS) approach discussed in the
book is characterized by the use of a set of distributed autonomous and
cooperative agents (embedded in smart control components) that use the SOA
principles, i.e. oriented by the offer and request of services, in order to fulfil
industrial and production systems goals. This approach is different from the
traditional Multi-agent Systems (MAS) mainly because agents are service-
oriented, i.e. individual goals of agents may be complemented by services
provided by other agents, and the internal functionalities of agents can be offered
as services to others agents (note that these service-oriented agents do not only
share services as their major form of communication, but also complement their
own goals with different types of external provided services).

Special attention is paid in the book to the framework for manufacturing
integration, which matches plant floor solutions with business systems and
suppliers. This solution focuses on achieving flexibility by enabling a low coupling
design of the entire enterprise system through leveraging of Service Oriented
Architecture (SOA) and Manufacturing Service Bus (MSB) as best practices.

The Manufacturing Service Bus (MSB) integration model described in some
papers included in this volume is an adaptation of ESB for manufacturing
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enterprises and introduces the concept of bus communication for the
manufacturing systems. The MSB acts as an intermediary (middle-man) for the
data flows, assuring loose coupling between modules at shop floor level.

The book offers a new integrated vision combining complementary emergent
technologies which allow reaching control structures with distributed intelligence
supporting the enterprise integration (vertical and horizontal dimensions) and
running in truly distributed and ubiquitous environments. Additionally, the
enrichment of these distributed systems with mechanisms inspired by biology
supports the dynamic structure reconfiguration, thus handling more effectively
with condition changes and unexpected disturbances, and minimizing their effects.
As an example, the integration of service-oriented principles with MAS allows to
combine the best of the two worlds, and in this way to overcome some limitations
associated to multi-agent systems, such as interoperability.

A brief description of the book chapters follows.

Part 1 reports recent advances and on-going research in sustainable
manufacturing based on distributed approaches such as Holonic Manufacturing
Execution Systems. Distributed intelligences offer new opportunities for
developing techniques to reduce myopic decision making in manufacturing
control systems thereby potentially enhancing their sustainability. There are
contributions analysing the concept of Intelligent Product and related techniques
for Product-driven Automation. The rapid development of this concept is mainly
due to the fact that, over the last decade, the increasing growth of embedded
technologies (e.g., RFID, smart cards, wireless communication), associated with
the concepts of ambient intelligence and machine-to-machine intelligence, has
allowed the development of products that are fully able to interact in an intelligent
mode with their environment. Also, working on the closed-loop PLM (Product
Life Cycle Management), interoperability and traceability topics leads to some
relevant specifications that can be applied using an “intelligent product” approach,
from the product's design to its recycling.

Part 2 is devoted to holonic and multi-agent technologies for manufacturing
planning and control. The demand for large-scale systems running in complex and
even chaotic environments requires the consideration of new paradigms and
technologies that provide flexibility, robustness, agility and responsiveness.
Holonic systems are, actually by definition, targeting challenges that include
coping with the heterogeneous nature of industrial systems and their on-line
interactive nature in combination with competitive pressures. Multi-agents
systems is considered as a suitable approach to address these challenge by offering
an alternative way to design control systems, based on the decentralization of
control functions over distributed autonomous and cooperative entities. This part
of the book gathers contributions on on-line simulation and on benchmarks aiming
at delivering open systems which feature agility, optimization in hybrid structures,
myopia decrease and robustness.

Part 3 approaches the trend of service orientation in the management and
control of processes in manufacturing enterprises. The service orientation is
emerging at multiple organizational levels in enterprise business, and leverages
technology in response to the growing need for greater business integration,
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flexibility and agility of manufacturing enterprises. Close related to IT
infrastructures of Web services, the Service Oriented Architecture represents a
technical architecture, a business modelling concept, an integration source and a
new way of viewing units of automation within the enterprise. Business and
process information systems integration and interoperability at enterprise level are
feasible by considering the customized product as ‘‘active controller’’ of the
enterprise resources — thus providing consistency between the material and
informational flows within the enterprise. Service orientation in the manufacturing
domain is not limited to just Web services, or technology and technical
infrastructure either; instead, it reflects a new way of thinking about processes that
reinforce the value of commoditization, reuse, semantics and information, and
create business value. The unifying approach of the contributions for this third
part of the book relies on the methodology and practice of disaggregating siloed,
tightly coupled business processes at manufacturing enterprise level into loosely
coupled services and mapping them to IT services, sequencing, synchronizing and
automating the execution of processes which encapsulate the software description
of such complex business processes related to agile production by means of
distributed information systems.

Part 4 analyses, develops solutions and describes applications in the domain of
intelligent products and product-driven automation. The rise of embedded
technologies (e.g. RFID, smart cards, wireless communication), as well as
research in the field of ambient intelligence, have enabled the development of
“intelligent” products that can fully interact with their environment. Various
typologies of intelligent products are reviewed: “Individual”, focusing on the
product as an individual entity classified either according to a unique criterion-
their level of intelligence or to multiple criteria such as: sensory capacities,
location of intelligence, level of intelligence, aggregation level of intelligence;
“Collective”, characterizing the types of interactions which exist in a collective of
“intelligent” products. After reviewing different IP categories, limitations are
outlined; among them, the difficulty in describing the dynamics of a collective of
“intelligent” products. In general, the majority of the typologies proposed do not
deal with the interactions that exist in a collective of products.

Following a brief presentation of the notion of “activeness”, an analysis
framework is proposed to describe the “activeness” of a product throughout its life
cycle. This framework focuses on the analysis of the interaction situation between
a collective of “active” products and the support system for a given function. The
framework contains two views (functional and organic), which can be divided into
several sections that describe the different facets of the interaction situation. Via
an increase in its informational, communicational and decisional capacities, an
“active” product is considered as an entity capable of interacting with the different
support systems (e.g. manufacturing system, supply chain) during the successive
phases of its life cycle.

This part also discusses new challenges and opportunities which arise with
concepts such as Internet of Things (IoT), where objects of the real world are
linked with the virtual world, thus enabling connectivity anywhere, anytime and
for anything. The rapid expansion of the IoT and the web technology enabled the
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development of new Business-to-Business (B2B) infrastructures based on the
concept of Service Oriented Architecture (SOA). The technical provision of
services is not a uniform activity but is skewed by prevalent technological
solutions, which have often a lack of interfaces required by users or are designed
in an isolated faction that limit their openness. Such a limitation has a direct
impact on organizational infrastructures that, in today’s world, need more than
ever to exchange product information in an appropriate manner (e.g. to provide the
right service or information, whenever it is needed, wherever it is needed, by
whoever needs it). Quantum Lifecycle Management (QLM) messaging standards
are proposed as a standard application-level interface that would provide flexible
and a wide range of properties/interfaces, which aim to increase the SOA scope as
well as the data exchange interoperability in the IoT. Applications of Intelligent
and Active Products in the general IoT framework are proposed in manufacturing,
transport, and precision agriculture.

Part S reports advances in robot control and integration in manufacturing tasks
and services. In order to adapt themselves to the environment and characteristics
of material flows, robot systems are equipped with vision systems. Vision-guided
robot motion using visual servoing methods provide best performances in the
generation of accurate, task-oriented motion patterns. Integrating Visual Quality
Control (VQC) services in the manufacturing environment is described as product
traceability means. In the context of agent-based manufacturing reconfiguring, this
section of the book also describes planning and tracking of cooperative activities
in robot teams.

The service value creation model at enterprise level consists into using a
Service Component Architecture (SCA) for business process applications, based
on entities which handle (provide, ask for, monitor) services. In this
componentization view, a service is a piece of software encapsulating the business
control logic or resource functionality of an entity that exhibits an individual
competence and responds to a specific request to fulfil a local (product operation,
verification) or global objective (batch production).

If SOA is the conceptual framework for service orientation of manufacturing
enterprise processes, then Service Oriented Computing (SOC) represents the
methodology and implementing framework for embedded monitoring and control
systems in Service Oriented Enterprise Architectures, and Service and
Computing Oriented Manufacturing (SCOM) unifies existing advanced
manufacturing models by centring them on internet/network, cooperative work
and resource sharing, which creates the premises for Digital Manufacturing of the
future.

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

November 2013 The Editors
Theodor Borangiu

Damien Trentesaux

André Thomas
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Abstract. This paper introduces and opens the debate on the role of “product-
driven control” and, on a broader level, Intelligent Manufacturing and Services
Systems in sustainable development and circular economy. First, the concept of
IMS and perspectives relating to future industrial and economic systems, as
well as their expected advantages and the challenges to be addressed are intro-
duced. Different interpretations of sustainability are then described. Third, our
vision concerning the possible impacts of IMS on a sustainable world is pre-
sented. A set of challenging prospects and illustrative examples conclude this

paper.

Keywords: intelligent manufacturing systems, product-driven control, holonic
control, intelligent product, sustainable development, sustainable manufactur-
ing, C2C.

1 Introduction

In today’s world, we are invaded by a wide variety of smart appliances: smart-phones,
smart-homes, smart-cars and so on. Physical objects are becoming more and more
intelligent. Internet of Things (IoT), Ubiquitous or Pervasive Computing are now
common terms. The industrial and services sectors are also affected. Computer Inte-
grated Manufacturing has evolved from classical top-down approaches to more bot-
tom-up approaches where intelligence is distributed in products and resources (supply
chains (SC) and production systems), leading to Intelligent Manufacturing or Services
Systems.

However, the international community is increasingly sensitive, aspiring for
greater sustainability worldwide. Concepts such as sustainable development, circular
economy, industrial ecology and sustainable manufacturing are becoming ever more
popular and it is now becoming necessary and urg