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Abstract. The research project described in this paper dddisthe problemat-
ic of structuring and exploiting enterprise’s knedge. Manufacturing
knowledge is obtaining more and more vital posit&na key success of the
factory. The vision to maximize the benefits fromokledge management
practices in production environments is shared éetwboth industrial and re-
search communities. We propose in this work a nppraach for knowledge
structuring. The approach proposes to structurétlogledge into multi-scales
where each scale represents a completeness dfgieag into account in
which context the knowledge should be reused iamajten neglected in the
existing knowledge based systems. Therefore, wegse@a context model aim-
ing to capture and manage contextual informatiooutithe working environ-
ment. In addition, a conceptual framework has h@eposed in order to adapt
the knowledge set to the current context whergrieiised.

Keywords: Knowledge Management, Knowledge engineering, Caéntex
awareness, ubiquitous computing, Factory of theréut

1 Problem statement and resear ch questions

Recent visions for the factory of the future highli the importance of inte-
grating the pillars of knowledge management andresging in the whole manufac-
turing divisions involved in the product lifecyctievelopment (Westkdmper, 2014).
Manufacturing knowledge is obtaining more and mangtal position as a key suc-
cess of the factory. The continuously changing saage of today’s factory leads
managers to focus on new ways to manage with mifi@eacy their production
systems. This need for the adoption of new indaisfriactices is combined with the
technological evolution coming with the new ICTrtds. In fact, the increasing usage
of ICT tools in the factory coming with the digitd#LM, ERP, MES, etc.) and smart
(loT, RFID, Wi-Fi, etc.) manufacturing paradigmsntidbutes to this vision with the
aim of supporting factory workers in conductingteeproduction outcomes.

The usage of knowledge-based systems to suppoufaenring activities has
been emerged as an appropriate solution to delaltiadt complex activities in produc-
tion lines such as planning, control and optim@atiThese systems have been de-
signed and implemented with the objective of aisgjstactory actors. Even though



that these tools showed their ability to assisted#nt workers’ tasks, the amount of
data they generate during the product lifecycleettgpment, from the emergence of
the idea to the after sales service activities mament, is exponentially increasing.
According to (Landherr et al., 2012), in orderackie this problem, the full potential

of knowledge management should be tapped and nogrieisticated and intelligent

management approaches of enterprise’s knowledge thave proposed.

The expansion of ICT tools usage the manufactudimgain results data and
information overflow making the handling of the ass to the exact needed infor-
mation more and more complex. According to (Farhaodnet al., 2002), the chal-
lenge for knowledge-based systems is to suppdaritag and summarizing of infor-
mation collected from massive, heterogeneous astdililited sources depending on
user needs.

In order to overcome these issues, we estimateatkabwledge based system
has to forward and structure the knowledge in @rdormat that corresponds to its
consumer ability to perceive it. This means thatitiformation has to be understand-
able and its meaning has to be easy to interptet. agsimilation of the information
do not depends only on how it has been forwarddteaaiser but also his/her maturi-
ty level comes into play. Therefore, knowledge dthidne modeled and formalized by
taking into account this important requirement. tRermore, having access to a
knowledge set depends not only on the expertisd lawt also on multiple parameters
such as the activity, the role, etc. These paraeteould be presented explicitly and
managed (captured, inferred, stored, etc.) separfaden knowledge in order to guar-
antee a contextual reuse of the latter. The carttab of this research work put for-
ward a context-aware conceptual framework aimingegpond to different working
situations (Houssin et al. 2006 ) that a worker reagounter in his/her daily activi-
ties. The framework can be plugged to knowledgethaystems or other information
systems used in the factory to enhance the awaefetheir users regarding each
activity they are doing.

Based on the problem statement outlined in theipusvsection, research ques-
tions to be investigated in this work are:

— How to structure the enterprise knowledge set @epto enhance its reuse for
supporting daily working activities and decisionkimg purposes?

— How to define and model the context in working eariments?

— How to capture the context and address, accordingt,tthe appropriate
knowledge to the worker?

The work plan that describes how these questiohdb®iaddressed is described in
the next section.

2  Work plan

The work plan adopted in this paper is illustrateéigure 1 below. Scientific gaps
identified in the previous section has been corditrthrough an extensive state of the
art about different research fields involved (Kneddge management, context-
awareness, ubiquitous computing, etc.). A productine of aircraft fuselage has
been a starting point of our research study. Timis/ivo” working field study allows



us to take stoke of the real need to enhance kuly@leooting at workplace. After
that, a generic context model is proposed. The dirthis model is to capture and
manage contextual information about the workingvais. The next step consists of
formalizing the knowledge set being identified adiog to a multi-scale approach.
Then, a mechanism to adapt each knowledge setutaicaue captured context oc-

curred in the working environment is proposed.
| State of the art |

Defining context-
/Knowledge adaptation

Working i Building a generic H
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wledge flow i
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Designing a knowledge based system l

Starting point:
use case from
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factory

Fig. 1. Adopted work plan.

The last phase consists of building a knowledgethaystem that implements the
global proposed approach.

3 Results and discussions

3.1  Multi-scale knowledge structuring approach

Acquiring more knowledge about a manufacturing psscin less time is a big
challenge for factory actors particularly for naviworkers. The aim of our research
work is to develop a cognitive based methodologyrider to enhance the learning
process. This approach is based on cognitive siingtof the knowledge set related
to all the concepts in factory. As shown in FigBréhe approach is acting like a prism
dividing the knowledge set, all sources includedo ithree completeness-based lay-
ers.
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Fig. 2. lllustration of the multi-scale knowledge struchgiapproach.

In the context of the continuous challenging envinent that today’s enterprises
are experiencing, knowledge reuse plays a majar iroenhancing workers training
and their decision-making abilities. For this wornle propose an approach in order to
structure the knowledge set into multiple scaldse Bpproach is based on the hy-
pothesis that knowledge can be comprised of thegeld. Each level translates a
completeness level of an activity domain in thetdac We consider that the
knowledge can be represented as a collection ticatporates the knowledge about
the product, the process, and the resources uisid&composition is inspired from
models found in the literature mainly UEML (Vernaada al., 2002) and FBS PPRE
(Labrousse et al., 2004). The knowledge Ki is aleti

Ki =< KpllKPT'llKRL >

Where KPi, KPri and KRi represent respectively kimewledge subset about the
products, processes and resources. A knowledge thede encompasses these
knowledge fragments can be represented by the set:

KB = {K;,i € (1..n)}

With respect to the multi-scale structuring hypsteethe knowledge base can be
organized in three completeness levels:

KB ={K/,ie (1..n),j € (1..3)}

The multi-scaled knowledge base that implements dipiproach intends to store
and to formalize different forms of knowledge. &ctf, the approach requires integrat-
ing tacit knowledge into the assistant system byn#dizing expert knowledge and
explicit knowledge. This is done by giving accesshe existing knowledge and in-
formation that can be already stored in some ICUtems (ERP, PLM, MES, etc.)
(Nonaka, 1995). The scientific backbone of the apph is that this multi-scaling can
enhance the learning process in working placeshetys the workers to acquire more
knowledge about the activity that he/she is perfogiin an implicit way. In addition,
this approach can reduce the information overloadibing the beginner, intermedi-
ate and expert workers the appropriate amounteoktiowledge set.

The main purpose of the proposed structuring ampréato provide each actor in
the factory with access to the appropriate senofledge according to his/her exper-
tise level. However, having access to this knowdetlgse depends not only on the
expertise level but also on multiple parametershsas the activity, the role, etc.



These parameters should be presented explicitly madaged (captured, inferred,
stored, etc.) separately from the knowledge basecomputer science and mainly
ubiquitous computing (Weiser, 1991), this set abpaeters is labeled as ‘context’.

3.2 Moddling and formalizing the context in working environment

The concept of ubiquitous computing is based orvisien that computers will be
deeply incorporated into our daily life until thégisappear” (Weiser, 1991). Com-
puter technology can be considered as ubiquitoitsifticipates user needs in a nor-
mal or particular situation and acts proactivelytovide the appropriate information
or assistance. The context-awareness is consideyeml core feature of ubiquitous
computing. It relies on the context notion with thien of increasing the ubiquitous
system capabilities in order to adapt the senviceg provide. The context notion was
developed in the work of (Schilit et al., 1994)atatline how the context can be used
to adapt the information according to the situatodrthe user. The most accepted
definition of a context is thatlie context is any information that can be used to char-
acterize the situation of an entity. An entity is a person, place, or object that is con-
sidered relevant to the interaction between the user and the application, including the
user and the applications themselves’ (Dey, 2001).

Based on a large literature survey on context ngpde¢ concluded in (Dhuieb et
al., 2015) that an important shortcoming is thaitegt models are not generic. This
fact may have an influence on the system abilitpdaceive the current context of its
user. Therefore, we proposed as showed in Figueeu3e the Activity Theory (AT)
introduced in cognitive science by (Engestrom ©82) as a support for our context

modeling process.
ﬂ Activity Theory
Context
Real working conceptual model

situations N "
o I:/ Context modeling I::/

Fig. 3. Contextmodelling based on activity theory.

The main idea behind the activity theory (AT) @Gsget up a theoretical and de-
scriptive tool aiming to analyze and understand db#vity independently from a
specific domain of application. Each activity in A§ performed by a “Subject” aim-
ing to transform an “Object” into “Outcome” by meanf “Tools” and through a
“Transformation process”. The object is shared ifCammunity” and mediated
by“Rules”. The “Division of labour” mediates thelaBonship between the “Subject”
and the “Community” in one hand and between themi@mnity” and the “Object” in
the other hand. The “Rules” in AT consist of socides relating people to each other
in a “community” (Engestrém Y., 1987).
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Fig. 4. Proposedtontext model.

The proposed context model (Figure 4) is basecerfdundations of activity the-
ory and built according to three different poinfsveew: operational, organizational
and user-centric dimensions of context:

— Operational context: this dimension is relatedht® activity of the worker. The
process is decomposed into a set of activitiesdhatbe in turn divided into a
multiple numbers of tasks. The aim of the operatiafew of the context is to
determine, at execution time, in which processyiggtand task the worker is
involved.

— Organizational context: the organizational coniexintended to determine the
context of the worker among the factory life fromganizational point of view.
This helps the system to know: to which team bedotige worker and what is
his/her exact role in this team? Inferring suclated information allows the as-
sociation an organizational degree of freedom i e&eorker.

— User-centric context: the user-centric dimensionaftext elements is related to
the user profile. The user is defined through aofebntext parameters describ-

ing mainly his/her competency profile and charazés the knowledge domain
of the system user.

The context model is used to structure a contgasiory that includes all the sit-
uations that may occur in the working environment.

3.3 Towardsan ubiquitous assistant for factory stakeholders

After presenting the main idea behind the multisdanowledge structuring ap-
proach and the context model used in this worls, piairt of the paper will points out
the conceptual framework proposed to handle thquitisius knowledge reuse pro-
cess. We called this framework (Figure 5) the carteowledge adaptation engine
since it aims to extract the knowledge set thatfiith a given user context.



The reference architecture of the adaptation enigimiesigned following Service
Oriented Architecture (SOA) principles. The objeetbehind this choice is to allow a
knowledge based system developed under this adaptaehgine to be easily
“plugged” with other IT systems in the factory.

Level_1 Level_2 Level_3

Mu\tirscaleﬁowledge structure

[ Knowledge configuration extractor

%

[ Context inference Context identifier

f

Context data extractor ]

 ;  ;  }
Pt { ERP }[ MES }

Fig. 5. Conceptual framework for context-knowledge adapiati

Context
repository

Context-awareness is achieved by different comptsnémat support the manage-
ment of context information. The role of the contdata extractor component is to
extract the context data from context sensors difiereht existing IT systems. The
context data extractor aims at this level to extsawh information and update the
context model. Once the context data are gath#éned;ontext inference process con-
sists of applying inference stored rules in ordegénerate other additional context
information about the current situation. The conhidentifier aims to zero in on the
context recognition. This means to compare diffecemtext elements being extract-
ed and inferred with other situations stored indbitext repository.

At the next stage of the adaptation process, tlosvledge configuration extractor
aims to extract the relevant knowledge set to argisontext. Therefore, this compo-
nent takes a situation as input and forward knogéeskt configuration according to it
as output. With respect to Weiser’s vision abouguibous computing, this adaptation
process has to be invisible to the user. The kmgdeorwarding has to be proactive
as much as possible.

4 Conclusion and current work

When the question about how the factory of therfutwill be conducted is raised, the
importance of giving more emphasis to the rolehef human being is discussed. The
positioning of the human being as a key driver Better factory performance has
been pointed out by many visions and roadmaps abeutactory of the future. We



believe that advanced assistance tools have tebelaped in order to enhance the
workforce performance in managing day to day tasks.

The research proposal reported in this paper lygtdi the significance of context
elicitation and modeling in handling the accesmsmufacturing knowledge. A multi-
scale based approach has been introduced to seubi manufacturing knowledge
set according to different completeness levels. dpgroach introduced here meets
the challenge of forwarding context-aware knowledgefactory stakeholders and
reducing the information overflow by giving the ekaeeded ones in the appropriate
format. Current work is focusing on the implemeiatatof the assistant system sup-
porting the proposed approach.
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