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Problem definition methodology for the
"Communicating Material” paradigm

S. Kubler, W. Derigent, A. Thomas, E. Rondeau
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UMR 7039 — Nancy-Univeré&t CNRS
Faculte des Sciences BP 239, 54506 Vandce@g®lancy, France.
(e-mail: Sylvain.Kubler@cran.uhp-nancy.fr)

Abstract: Today, more and more new technologies of information aneless communication are
useful for social, economic and industrial life. Auto-Ixkmologies such as RFID are a good example
of that. The actual limits of these new systems are relabitiedir granularity, since items are the smallest
parts of an ubiquitous system (Internet of things). In tldipgr we propose a "communicating material”
new paradigm. Working on the credibility of this conceptcgirsome years, we highlight here its main
technological and research perspectives.

Keywords:Communicating Material, System Engineering, Ubiquitoasputing

1. INTRODUCTION previously, Banaszak and Zaremba (2003) showed the product
needs technologies not only to carry data but to carry inferm

Currently, barcodes are progressively replaced by RFIB tagon and knowledge. These products are either catigdligent
(Radio-Frequency Identification) which enable a wireless¢ or communicatingoroducts. Beyond these interpretations we
munication with the "ambient environment”. Products e@&ip  will make no distinction between these two terms in thischeti
with such devices are called communicating products and i
prove traceability, quality monitoring and logistic netkger-
formances because they have some information capacity off

ing to the system a better ability to react to unforeseengbsn ”
9 y y ip several parts, ...To overcome the previous problems, the

An important aim of industrial management essential was £ o il i d. It leadl
control the product material flow all along the supply chainCONcePt of “communicating material” Is proposed. It leaals t

Right from the sixties, Ploss| (1993) showed that MRP2-dasé! important paradigm change because the product does not
(Manufacturing Resource Planning) information systemsdo cOmmunicate using a tag, but becomes intrinsically communi
implement models reducing the gaps between the material aﬁﬁ'”g' in his wholeness. In fact, in our vision, all the e
informational flows. This problem is still a hot topic todayn ~ Which composing the product has this communicating prgpert
obvious way to suppress the synchronization problem betwel!anks to built-in specific micro-components. Besidessgne
these two flows is to merge them : the material flow instrumers°MPONeNts can give the product some capacities such as the
tation via the use of technologies such as RFID is one saiptiodat@ storage (the material would act as a computer hard disk
enabling products to be active by communicating infornratio @1d Wwould update its data all along its life cycle), a dedisio

A "communicating product” is thus an independent systeniN@king capacity (smart composite), or others.

composed by a unique and single product connected to a comhe rest of article is organized as follows : A discussion
munication device. As a result, it can wirelessly commut@&ca ghout the paradigm change (passing from the communicating
with some computer facilities. This product can eventuallproduct to the communicating material) is introduced irtisec
carry information going from a simple reference (like a liok 2. Section3 presents a state of the art on the concept of
a database) to a more or less complex data set, accessibée todommunicating products, by presenting works related to the
user when needed, by reading the tag attached to the prodigtelligent product paradigm. Sectidrfocuses on developing a
Moreover, this product can eventually take simple decsiortigorous innovation approach in order to organize hieriaaly

so that, under certain conditions, it could adapt its bedraai  the objectives to achieve and to decline them in variousrebe
current circumstances, in spite of what was planned iytial  and technological problems. Finally, the last section tkis
approach within the context of the communicating material.

nl%_ven S0, this concept already showed a certain number d§limi
(\_fyhich are discussed later : discrete reading, risk of tag-dam
age, problem of information transfer when cutting the paidu

These last years, IFAC (International Federation of Autiicna
Control) [Ollero et al. (2002), Nof et al. (2006)] promoted
the development of these concepts. More recently, the Hwolon
Manufacturing System (HMS) paradigm proposed the produ
should be given data storage and data processing capaci
to interact with its environment [Van Brussel et al. (1998)]Opportunity of this new paradigm (passing from the "commu-

The Intelligence in Manufacturing community [L Monostori . .7 " ” o P
and Morel (2003), Morel and Grabot (2003)] demonstrated thrgcatmg product” to the "communicating material’).

pertinence of reconfigurable, modular and adaptable manufa&Current research works about Intelligent Products withie t
turing systems. In order to implement the capacities exgpposéramework of logistic suppose that each product is a small an

2. OPPORTUNITY OF A NEW PARADIGM

epending on studies that we have pursued for several years,
detail in this second section some reasons leading to the



Table 1. Communicating produes communicating material

Characteristics Communicating Product ~ Communicating Material
Information location localized continuous
Embedded memory limited extensible
Resistance to the losses of tags critical less critical
Services location localized continuous

non decomposable unit. In this context, each product has fisoducts) and those which goal is to functionalize the niter
own informational part, most of the time located on a singlavithout making it intelligent (sensorial textiles). In whi@l-
RFID tag which only stores the ID of the product, referring tdows, we present works on these two research axes.

its complete information saved in an external database.-How

ever, in a manufacturing process, products are rarely nen d&1 The "intelligent product” paradigm

composable and they are subjected to different transfeomeat

of several types (assembly/disassembly, welding, millsagv-  Meyer et al. (2009) offers a very complete state of the art on
ing, ...). Depending on the transformation type, the infarm this theme. It seems that the term "intelligent product” besn
tion located on a certain area of the material might be movegentioned for the first time in Ives and Vitale (1988) in a con-
to another location and perhaps modified. As a result, toolext of after-sales services. In the IMS community, McFaela
to manage data over the communicating product are neededal. (2003) is the first to show interest in intelligent puots

It is really difficult to implement these tools when considgr that he defines as being a physical product to which an infor-
the actual intelligent product architecture, becausertfina- mational representation is added. According to the infetice
tional partis stored in a fixed location on the product préwen type to implement within the product, various technologies
it to be moved to another location. To solve this problem, thare used. The "intelligence” concept, when it is interpileis
information will be continuously and intrinsically spread#o  “information management”, is often implemented through se
the material. Moreover, accessing to the product inforomati identification technologies such as RFID. When this concept
located in a distant database is not always possible andii co js used for decision making, more advanced technologies are
be interesting to store all the information into the prodtself. ysed, like wireless sensors for instance.

But, currently, there are no commercial tag offering suffiti

capacities coupled with small sizes. As explained befdre, t3.2 Ubiquitous computer paradigm and functionalization of
communicating material consists of a multitude of tag whiclhe material

offers an extensible and higher memory, according to the ma-

terial dimensions and the tag density (formulated rows 1 & Zhe efforts of material functionalization have been nurnsro
T_able. 1). The resistance t(_).losses on a product integratingsince the birth of the ubiquitous computing concept, formu-
single RFID tag is more critical than a object whose its magted by Weiser (1991). This concept proposes a world where
terial is entirely (and intrinsically) composed of tagsdéed, computing systems, miniaturized to the extreme, are ilyisi
if single tag is broken then all the information related te th jntegrated in objects around us. These latest become then ab

products, communicating material could provided sevenas t

of services (e.g. the monitoring, actuating notion or gtfor- ~ Functionalizing the textile materials by adding electoocom-

mation processing) [Akhras (2009)].The main contributidn
the communicating material is the capacity to provide sewi
all over its surface (formulated row 4 Table. 1).

ponents takes place in the developed works within the tolpic o
digital ubiquity. The smart textiles, or e-textiles, areterals
combining microsystems, information technology and texti

] ] ] ] This e-textile participates in ambient intelligence anckiated
Thus, we aim to develop a new material which will be commug the "wearable computer”. Given our interpretation ofiteo
nicating from his natural state and in its entirety; itis thajor muynicating material”, e-textiles is to date the form of aentti

distinction with the communicating product paradigm. Afte jntelligence that is the most similar to communicating miate
wards, it would be interesting to implement on the material

the functions necessary for information management (teesol The ECE [Bradley Department of Electrical & Computer En-
the previously mentioned problems). By the way, numerougineering] from Virgina tech has worked for a long time on
projects interested in similar research topics are pubtisiis €-textiles. The issues concern computer architecturefsec
the SFIT axis (Smart fabrics and Interactive Textiles) frivia  tions, communication study (wired or wireless), softwave t
next European FPcall, which aims to develop new textile implement in the e-textile, ... [Zeh (2006)]. No instanceeef
material with interactive functionalities. ISIS (a sogiéibsted textiles integrating solutions based on RFID tags spregdl in
by the University of Bréme) is currently working on sensonjfhe material has been listed. Indeed, these_tags are difficul
materials. The EMRS (European Materials Research Sodsety)f© connect on the cloth. The works on e-textile are nevgrthe—
also interested in this field and hosted a symposium arotsd tess numerous and concern a wide range of military [Wilson
topic during Spring2010. Thus, one can easily see that givinget al. (1999), Park et al. (1999), Lind et al. (1997)], acaigem
enhanced functionalities to materials is a hot topic toddnjch ~ [Stanley-Marbell et al. (2003)] or commercial applicagon
seems to be promised to important research opportunities.

3.3 Methods of requirement specifications

3. STATE OF THE ART

It seems that proposing a paradigm change of this type regjuir
Today, works to make the material "communicating” are exa system engineering approach rigorous enough to correctly
tremely rare. However, they find their sources in works agminsetup the bases of a research field which could be broad. In
to give to products an active role in their life cycle (inigdnt order to do so, we wished to adopt a methodology to specify our
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Fig. 1. General approach Fig. 2. Schematization of the proposed method

requirements and define the technological or scientificarebe with strong correlations, that must be handled togetheis Th
fields inherent to this paradigm. As a result, in the follogvin approach is synthesized Fig. 1.

we expose some methodologies allowing to achieve these ob-

jectives by describing and presenting their limits, whigtify 4.2 Quality Function Deployment (QFD)

our proposal. Thus, various approaches and communities hav

emerged, include : The QFD approach takes into account the market needs and/or

e INCOSE (International Council on Systems Engineer- the ]‘uture user wishes from the _product deS|gn phase (or
ing) : Across all the system engineering tools offered€rvice), to develop the best design process in accordance
by this community, there are methods and tools used Wth fixed q_uallty imperatives. Hov_vever, this approachiaiiy
project executives, adequate to design, develop and chetgeds to list the customer requirements. In order to do so,
a system which offers an economic and highly efficientn® product functional analysis is realized to extract h# t
solution to the customer requirements. requirements. These requirements are placed in the rows of

e AFAV (French Association of Value Analysis) : This the first level QFD matrix (Fig. 2 Matrix level 1). They are
organism proposes several methods and integrated togis0 calledWhatin the QFD method and form the sg¥).
such as the functional and value analysis. The function4 Value P, relative to the weight of the requiremeat(with
analysis allows to establish specifications, but it does nét € Y1) is also specified. Next, we search to list all the product
allow to raise the problems to process from the objectivegPecifications (théiow), composing the s&i, enumerated by

e 6 Sigmas Originally, it is a quality self-assurance methogthe columns of this matrix. Finally, we develop a relatidpsh
relying on statistics and that which found an evolutiow.» PetweerWhatHow, based ori levels :0, 1, 3, 9, where0
as a design methodology. Since this method includes tff@éans there is no relation between these elements anry
requirement specifications and that our objective is t8rong one. Two influence indicators are calculated :

specify the research fields from product functionalities, jy, f, that gives information about the relative influence of a
this method is not appropriate in our case. single specificatiot (h € H;) on all requirements :

ITth = Z (Pw . T‘w,h)

weW,
Inf, that gives information about the relative influence of all
specifications on a single requiremenfw € W) :

Infw = Pw ' Z Tw,h

heH,

Secondly, we reiterate this approach to create the secwat le
As previously stated, the paradigm change must be studied.QFD matrix (Fig. 2 :Matrix level2). The specificationdHow)
this paper, we develop an approach relying on some tools of the first level matrix become th&hatto solve of the second
previously mentioned methods. On the basis of a functionatatrix, which compose the sét,. By this way, the "Quality”
analysis while allows to list the functions that the prodeat  deployment is assured by constraints spreading, since#te s
realize, we implement a matrix approach being inspired by tlifications (+;) become theNhat of the second matrix}{).
QFD (Quality Function Deployment, [Zaidi (1993)]). On theThe underlined problemg{;), once solved, will then help to
one hand, this approach allows us to identify the technoldgi answer to the customer needs. In addition to the previodsy stu
and scientific problems relating to the product and on therothwe here add the correlation half-matrix, being situatedvabo
hand, the correlations between these problems. Finalhygas the matrix (which exists for the matrix of levélin the original
approach based on spectral algorithms [Fiedler (1975Ql)éti method, also known as the "roof” of the House of Quality).
(1975b)], these problems are gathered by problem famili@he aim is to seek the correlations between various probéems

Consequently, we focus on an approach allowing to organize
the objectives and to decline them in various technologindl
scientific problems. This method is illustrated in sectién.

4. METHODOLOGY OF PROBLEM DEFINITION

4.1 Introduction
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How, which may be positive or negative and of variable valuess to find optimized sequence between elements according to
Indeed, some process can damage themselves, othersceinfdineir consistency specified by the correlation functiomsif S
eachother. Inour case, they are expressed accordirigtels : is the permutation of elements angdy, < 7(;) < 7 then

++, +,0, —, ——. Indicators of theMatrix level2 (Infn, Infw,  fuz) = far andfir > fr-

Qé{;)gir%f%'ﬁ? izteegelllgfrciwously, taking into account n(H'“hThe correlation half-matrix represents the relationshigp

' T between problems. We have seen that these relationships can
Note that we do not use the QFD tools in a classic waye positive or negative, so it is necessary to transform the
Indeed the matrix of leveR highlighting the problems, it is half-matrix in a matrix suitable for thétkins algorithm. In

important for us to show the positive and negative intecaasti concrete terms, we substitute the symbels, +, 0, —, —— by

for organize hierarchically the problems to solve. values20, 10, 1, 50, 100 respectively. Only the matrix diagonal
keeps the valué. The minimal valuel indicates that there is

4.3 Organization of the problems to solve no interaction between problems but ensures that the gsaph i

connected (essential condition to apply the spectral atgoj.
The arbitrary choice of value), 10, 50, 100 highlights the cor-

The challenge is to organize the problems to soNg)py con- relation by overwhelmingly favoring the negative corrlas,

sidering their interdependence. The purpose is to gatieseth aiming to underline the problems which are the most diffitault

problems according to their negative or positive correlsdi qlve. Once the problem sequence is determined viAtkias

In order to achieve this step, we propose to define clusters ; .
problem by relying on some spectral algorithms and esnycialglgor't.hm’ the purpose is then to form several problem ehsst
that will be simultaneously processed, these clusters osing

on the serialization algorithm developed by Atkins et 2098). , .
The principle of this algorithm is the following : Given a setlthe ?etc. T(I) dto S(?I_' t?e .\ll.?":e?% 10tO glret::rst Iga:he;qudat
of elements: to order, and a correlation functiofy; ;), which east one cluster. 10 faciitate the study, th€ clustersiiam

7 to a reasonable size. Finally, we calculate for each clubter

corresponds to an attraction level between two elemeatsl e . ; X
j, in order to find them side by side in the sequence, the aiﬁpntrlbutmn ratert. to the final project (given below), where



c € C andHz, is a subset of{, only composed of problems offer some services expected by users involved in the life

belonging to clustet. cycle, from the design phase to the exploitation phase :
Z Inf for instance, the material could be used to traceability in
h a factory, to struggling against the brand piracy (custom
rt, =100 25 officer), or to backing up data of final users. In order to im-
i Z Infy, plement this information system, it is necessary to define
heHs the conceptual specifications of the data model support-

_ _ _ ing the exchanged information throughout its life cycle,
For instance, processing all problems belonging to cluster to study the mechanisms needed for allocating data on

whose contribution rate i20 means answering t@0% of the communicating material and to specify the protocols
the whole problematic, i.e. the set of problems related & th and applicative services answering to actors needs. Fur-
product (illustrated before#t,). thermore, these specifications will be followed by a data
model validation regarding to the reliance level offered by
5. APPLICATION TO "COMMUNICATING MATERIAL" the information system (consistency of distributed data)
and a validation of protocols and services by emulation on
In this section, we apply the approach elaborated befotgnwit the one hand and on a software platform interfaced with
the framework of the communicating material. We estabtishe ~ the middleware developed earlier on the other hand.
functional specifications from a generic functional anislys- e Ensuring security & completeness of the information :
sulting of various studies relating to user cases repratieet like the cluster Processing informatidh it studies the
of the life cycle (scenario of traceability in factory to det adaptability of data and focuses specifically on issues con-
product defaults like holes, scenario of a custom officeckhe cerning information completeness. During its life cycle

ing a shipment of communicating materials in a truck, ...).  the material will be modified because of physical transfor-
Thus, we have formalized the customer requirements in wario mations (assembly/disassembly, ...), informationaldran
categories Quality, SecurityandPrice. The QFD matrix of first formations (data access, data addition - deletion by sev-
level is presented Fig. 3. In what follows, we will preser th eral users) and of accessibility constraints (partial read
requirements, specifications and problems which are thé mos  ing/writing of the material, ...). It raises issues like the
important. The aim of this paper is not to be exhaustive but ~ choice of data to keep/modify within the material (at a
to facilitate the understanding with some examples. We éigur ~ given moment of its life cycle), or the reduction of the data
out from the indicatod n f;, that the choice of the tag type, the volume via some methods of aggregation - desegregation.
volume of information or still the resistance against datsés It is also in this cluster that will be processed the data
are specifications having the greatest impact on the custome  security (encryption, user identification, .. .).

requirements. In the same way, the indicatarf,, ShO,YV?: that Finally, the contribution ratet. of each cluster is computed

the requirements "must be able to be read/written”, "must b ig. 5). We figure out that the clust®rocessing information

?nb;ﬁt?gomzlnmg]tgrlirjaflotmciiloﬁoh ?Eg li;gsésifg,,uaﬁg?regquﬁ is therefore the heart of the project. Indeed, it has thetgsta
the mos¥important 9 y v contribution rate with58%, but it is also the only cluster in

' interaction with three others. Every cluster can be astegtia
Next, we fill the second level QFD matrix and the correlatiowith a specific view of the system. Indeed, we evolve from
half-matrix, illustrated Fig. 4. Note that the specificasq#;) @ physical view of the system, intrinsically technologi@a-
related to requirement¥Y,; ) concerning the "price” will not be strumented the materiptowards an informational view of the
developed in the matrix of levél, because the main objective System Processing information
is to raise the scientific and technological problems, witho

taking into account the financial aspect (for the present).
o ) i 6. CONCLUSION
Then, we make the serialization of problems (via &i&ins

algorithm), presented by the matrix Fig. 5. We deflrusters ., yiq tudy, we showed the relevance of this new paradigm.

e Instrumented the material : it is mainly composed of Thus, we have established an innovative approach in order
issues related to the achievement of the communicatirig organize hierarchically the objectives to achieve and to
material in its natural state. It concerns the choice of tagdecline them into various scientific and technological éssu
and RFID reader to implement, or still the integration/thg his generic approach can be used in contexts other than the
fixation of "tag systems” in a fibrous composite or inone exposed in this paper.

a textile. The encountered problems in this cluster arg
principally problems of choice of solution with respect to,
the technological constraints.

he different clusters require specific scientific skills.order
o implement the communicating material, it is necessary to

o Accessing the material information : the aim is to de- identify the best scientific and industrial partners to agrsw

velop a middleware allowing to exploit the physical la erproblems highlighted by every clusters. As aresult, it ipam
P 9 P pny Yeliant to implement a project structure between the part@ense

(composed of tags and readers), to explore and optimige , o\ 1 process these problems through mutual cooperati
various architectures (tag-reader-middleware) for sdver

applications. More specifically, it addresses issues like t To validate the concept pertinence, we currently develgpea s
accessibility of material, the tags order to read/write, .. cific demonstrator where the material is intrinsically coumia

e Processinginformation : the previous clusters are respon-cating (i.e the material itself become communicating).ifigk
sible for design the communicating material as well ag;to account the technologies limits, we are building a @rot
methods to access it. In this group, we wish to develop aype that integratélitachi pchip (dust of tags) spreddto the
embedded information system within the material, able tmaterial. As said previously, our perspectives is to givéhat
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