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Preface
Ambitious defined program of IJCAI-20 covered a huge amount of papers presenting
different aspects of theoretical background as well as plenty of practical solutions in the
Artificial Intelligence (AI) domain. For many years common intersections between AI
methods and problems with Knowledge Management (KM) are observed.
For sure, Knowledge Management as a large multidisciplinary area with a direct
connection to Management science as well as supported by Artificial Intelligence methods
gives a chance to create the bridge between two worlds: decision-makers and developers of
intelligent technologies.

The objective of this multidisciplinary eighth workshop (initiated in Montpellier
during ECAI’2012 (http://www.eccai.org/ecai.shtml) and continued in Warsaw as a part of
Knowledge Acquisition and Management event in the framework of Federated Conferences
on Computer Science and Information Systems’2014 https://fedcsis.org/2014/kam), later in
Buenos Aires in the IJCAI’2015 framework (https://ijcai-15.org), then in New York
(https://ijcai-16.org), Melbourne (https://ijcai-17.org), Stockholm (https://ijcai-18.org), and
Macao (https://ijcai19.org) – all in the IJCAI framework - is to gather both researchers and
practitioners to discuss methodological, technical and organizational aspects of AI used for
knowledge management focused this year on sustainable future.
Finally, the program of this eighth co-located conference covers three interrelated
topics managed as separated sessions:
1) AI for Society and Education - referring to papers considering problems of
applying intelligent technologies in more global sense addressing to modern
society with learning context,
2) AI for Business and Smart Cities – including papers oriented on selected
problems typical for agglomerations and making business,
3) AI for Industry and Sustainable – embracing critical quests conditioning
sustainable development of manufacturing oriented enterprises.
As in previous years the selected extended papers presented during the AI4KM conference
will be published by the Springer IFIP series.
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The Ontologies cooperation for modeling the needs of impairment persons

Guilaine Talens and Caroline Wintergers
In French society, many helps are proposed for each kind of population. In the particular
case of impairment persons, it’s quite difficult to deal with all the different information
coming from heterogeneous contexts. Such different knowledge can’t be directly
integrated, so we propose to build ontologies for each aspect. Then, we manage the
cooperation of these distributed ontologies through a relational structure. Finally to
ensure the representation of the guidance interactive process, we model a workflow to
follow through the successive steps of an individual folder. This folder will go with the
disabled person, first with its own information, then with some administrative information
and at last with service propositions. The process is recursive allowing a better long-term
assistance monitoring.
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Conceptual Framework of Intelligent Management Control System for Higher Education
Helena Dudycz, Marcin Hernes, Zdzislaw Kes, Eunika Mercier-Laurent, Bartlomiej Nita,
Krzysztof Nowosielski, Piotr Oleksyk, Mieczyslaw Owoc, Rafal Palak, Maciej Pondel and
Krystian Wojtkiewicz
The utilisation of management control systems in university management poses a
considerable challenge because a university's strategic goals are not identical to those
applied in profit-oriented management. A university's management control system should
take into account the processing of management information for management purposes,
allowing for the relationships between different groups of stakeholders. The specificity of
the university operation assumes conducting long-term scientific research and
educational programmes. Therefore, the controlling approach to university management
should take into consideration long-term performance measurement as well as
management in key areas such as research, provision of education to students, and
interaction with the tertiary institution’s socio-economic environment. This paper aims to
develop a conceptual framework of the Intelligent Management Control System for
Higher Education (IMCSHE) based on cognitive agents. The main findings are related to
developing the assumption, model, and technological basis of the system including the
artificial intelligence method.
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Curriculum Vitae Evaluation Using Machine Learning Approach
Rabih Haddad
Resumes or Curriculum Vitae (CVs) are still an important standard document and a
decision element in evaluating life journeys and human personalities of candidates. Its
main role is to detect the eligibility of people who are applying to job vacancies or higher
education programs. In this paper, we deal with a system that automates the
preselection of eligibility and assessment of candidates in the higher education students’
recruitment process. This system will replace the tedious tasks of manual processing of
CVs and provide accurate and effective evaluation results. To achieves this requirement,
the system will be implemented using a machine learning approach using different
classification algorithms. The evaluation will be conducted on the four main knowledge
categories that build the CV: personal information, academic background, professional
experience, and soft and technical skills. The output of the system will be an indicator to
shortlist, discard or request more information to evaluate the candidates’ eligibility.
Moreover, the scores obtained for each part of the CV will be used to calibrate the
indicator in each information category. Consequently, this system boosts the recruitment
process of candidates and provide a reasonable decision.
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Artificial Intelligence and Knowledge Management in Students’ Thesis – Initial Survey in
Poland
Mieczyslaw Owoc and Pawel Weichbroth
Leading technologies are very attractive for students preparing their thesis as the
completion of their studies. Such student’s orientation connected with professional
experiences seems to be a crucial motivator in the research in management and business
areas where these technologies conditioning development of professional activities. The
goal of the paper is the analysis of students’ thesis topics defended in the last 20 years in
the business informatics area in the selected Polish universities. The paper is managed as
follows: after a discussion on the state of the art on the defined quests, the procedure of
the defining thesis problems is presented and aggregated data on student’s thesis are
demonstrated. The list of topics is limited to artificial intelligence and knowledge
management subjects. In the main part of the research analysis of the defended thesis is
performed including different contexts: type of the research, applied scientific methods,
interdisciplinary character of the thesis, and sector of artificial technologies and
knowledge management implementation. The main research problem is the smart
clustering of the topics list and the way of the thesis classification.

14

Customer Churn Prediction in FMCG sector Using Machine Learning Techniques
Nihan Yıldırım and Gülgün Kayakutlu
Non-contractual setting and existence of lots of brands and alternative products make
customer retention relatively more difficult in FMCG market. Besides, there is no absolute
customer loyalty as most of the buyers split their purchases among a number of almost
equivalent brands. Thereby, this study aims to probe contribution of various machine
learning algorithms to predict churn behaviour of the most valuable part of the existing
customers of a number of FMCG brands (in detergent, fabric conditioner, shampoo and
carbonated soft drinks sectors) based on a real dataset obtained in Turkey market over
the two successive years (2018 and 2019). In this context, exploratory data analysis and
feature engineering are carried out to a large extent to build various predictive models in
order to reach consistent and viable results. Further, revenue contributions of improved
customer retention that can be achieved by means of actionable intelligence created by
the churn prediction are also projected. Lastly, RFM analysis and clustering techniques
with K-Means clustering are employed to generate meaningful insights for business
operations and marketing campaigns.
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Crowdsourcing as a tool supporting intra-city communication
Łukasz Przysucha
The Smart City concept is a relatively new idea used by residents, organizations and
business. A smart city is one that uses information and communication technologies
(ICT) to increase the interactivity and efficiency of urban infrastructure and its
components, as well as to raise the awareness of residents. The world population has
been migrating from rural to urban over the last few decades. In 1950, only 30% of
people lived in the countryside, currently it is almost 55%, while in 2050 over 65% of the
population will live in cities. It shows how strategic this area is for the development of
our civilization. The author in the article examines the impact of crowdsourcing on
communication engineering, such as the diffusion of knowledge between decision-makers
and stakeholders can lead to reducing the information gap, which ultimately leads to
better city management and the development of the Smart City idea. The presented
research from European cities are aimed at determining what are the expectations of
residents in the matter of Smart City and what areas should be developed. Elements of
data engineering and appropriate management of data obtained in the interaction
between residents and decision makers can improve the communication processes in the
city, and in combination with electronic tools, easier agglomeration management. At
present, we are observing a very dynamic digitization trend, the author proposes
solutions for the implementation of the Resident Portal, which will consolidate all Smart
City areas and give the possibility to manage all information cycles within one platform
and one server room.
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The Importance of Internet of Things for Smart Cities
Anna Reklewska
The main aim of the paper is to present how the Internet of Things (IoT) influences the
building and development of Smart Cities. In the first part, the author focuses on the
concept of the Smart City, which has become extremely popular in recent years,
describing its main assumptions. In the next part, the author explains the idea of the
Internet of Things, and finally in the key part of the paper these two concepts have been
combined together, to verify the possibilities of using the Internet of Things in the
building and development of Smart City.
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Developing a Knowledge Base on Climate Change for Metropolitan Cities
Eric Thivant and Eunika Mercier-Laurent
Studying climate change requires to take into consideration multiple factors that
influence it. Finding and understanding the degree of importance of these factors as well
as their inter-influences could provide indicators on how to respond for metropolitan
cities. Public, semi-public & private actors (research laboratories, government agencies,
etc.), associations, NGOs, mobilize and participate in new discoveries in related fields and
experiment; some of them involve citizens (Smart Cities, Enoll, Triple Helix, etc.).
French Metropolitan Cities have developed their PCETs program (Territorial Climate and
Energy Plan) to meet the objectives set by the European Union for 2020 and the National
Climate Plan, set out in the Grenelle I and Grenelle II laws in France. In 2007, as part of
its Climate Energy Plan, the Lyon metropolitan area made a commitment to reduce CO2
emissions by 20% by 2020 (75% by 2050), to cut energy consumption by 20% and to
consume 20% of renewable energies.
So in this article, we propose to build an knowledge database on climate change and
more specifically on the WEEE (waste electrical and electronic equipment). We
concentrate on large Metropolitan cities such as Metropole of Lyon or Metropole of
Montpellier in order to develop their own database on that subject. This database will
contain good practices, experiences, collaborative measures, projects, etc., using the
Knowledge Management approach based on artificial intelligence techniques. For our
methodology we work on the state of art for building such a knowledge database, taking
into account the works of D. Boulanger (2005), E. Mercier-Laurent (2015, 2018) or DG.
Kayakutlu & E. Mercier-Laurent (2016) on that particular field, and we begin to list
existing materials in order to implement a knowledge base, on the recycling of products,
particularly electronic products for these metropolitan cities.
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Can Artificial Intelligence Efficiently Support Sustainable Development?
Eunika Mercier-Laurent
This paper describes the role AI may play in sustainability. Sustainable development is
currently among the greatest challenges. Sustainability and development are apparently
opposite. The current efforts to face the Planet Crisis by separate actions generate less
impact than expected. The capacity of available technology and in particular Artificial
intelligence is underexplored. Eco-innovation actions focus mainly on smart
transportation, smart use of energy and water and waste recycling but do not consider
the necessary evolution of behaviors and focus. The concepts such as Smart, Intelligent,
Innovative, Green or Wise City invented to promote existing technology transform the IT
market. Most of offers consist in data processing with statistical/optimization methods.
This paper explains how the AI approach and techniques combined with adequate
thinking may innovate the way of facing Planet Crisis.
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Holistic Approach to Smart Factory
Cristina Monsone
This article presents the key elements of the digitalization of a system, industrial and
non, providing a new holistic formulation for I4.0 and a concept base of a new API
system in the field of Digital Twin for industrial integrated smart solu- tions. The general
approach is also considered for „traditional” industries which come to be I40 and as a
suitable element for virtual training and decision making system for industrial e non industrial customers in a vision of future application in VR environment. In particular, this
research defines a formula - CMon - repre- sentative of the digitalization of any system
and the realization of an API, DTnet, able to create in real time a DT of a single object or
of an element of an existing plant from a video, realized through any device, using Deep
Learning Techniques and then integrate it in VR environment for a more accurate
predictive analysis.
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Advanced data analysis as a key element in Supply Chain Management in a multi-site
industrial enterprise - case studies
Paweł Pyda, Bartosz Jachnik, Helena Dudycz and Paweł Stefaniak
Currently, advanced data analytics in large multi-site industrial enterprises is a strategic
element in making management decisions. Integrated supply chain management (SCM),
machinery park management or data analysis from industrial devices (including using
Indus-trial Internet of Things - IIoT) requires the organization of appropriate analytical
platform architecture, the selection of the analytical tools for Big Data, the
implementation of advanced algorithms based on machine learning and the development
of management dashboards for ongoing tracking the KPI’s of assets. This article presents
the issues related to the acquisition, analysis, and management of large amounts of data
from different departments of the enterprise. These data come from various systems and
they are in different data recording standards. They are important because they form the
basis of advanced data analysis in supply chain management in multi-site enterprises.
This article discusses the proposal of an analytical platform for SCM and the development
of analytical processing for SCM in the multi-site industrial enterprise.
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Stacking regressor analysis of the natural gas prices in the light of possible hub
Gizem Kaya, M.Ozgür Kayalica and Gülgün Kayakutlu
Energy hubs are created in Europe to reduce the market prices constructed by dual
agreements. Having learned from Natural Gas hub experiences of UK, Spain and
Germany, Turkey can soon start a new hub of his own. This research is a case study of
having a Natural Gas hub in Turkey so that the country benefits being close to the gas
reserves geographically. Price knowledge is analysed using stack regressor, an AI
technique to reflect the price changes in case a single hub exists. This paper aims to
underline the importance of hub pricing in Turkey in order to reduce the energy
dependence on foreign resources.
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Power deviation predictions with LSTM based on Grid Based Regressors Selected using
Genetic Algoritms
Avni Ozözen, Gülgün Kayakutlu and M.Ozgür Kayalica
This paper presents a knowledge analytics on realtime power balancing market. A hybrid
mathematical model of predicting the market trends (either increasing or decreasing) is
constructed integrating the Genetic algorithm(GA) and a deep learning algorithm, LongShort Term Memory (LSTM). In real time predictions of power load, endogenous or
exogenous market parameters are critical. Therefore, this study tries to find the best
choices of parameters (near optimal) by using GA. The optimised parameters are then
used in real-time prediction for the next hour or block of hours (4hours) of energy
supplies and demands in the power market. Application of the model is run for Turkish
power market and the results are presented.
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Short-term Power Load Forecasting using Wavelet and Deep Learning
Seyed Davoud, Seyed Garmroodi and Gülgün Kayakutlu
Power markets have been a great interest for the Big Data Analysis. Short-term power
load forecasting is critical for both the suppliers and the regulators in order to fully
respond the demand. This study presents a novel mathematical model integrating the
wavelet transforms and a variety of deep learning prediction algorithms. With the aim of
predicting the day-ahead energy loads the suppliers can have more realistic approach in
energy trading. The application is run for Turkey and results are analysed.
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Clustering algorithms in the inclinometers readings anomaly detection issue on the example of
tailing storage facility
Wioletta Koperska, Bartosz Jachnik, Paweł Stefaniak and Bartosz Burs
Measurement of structure deformation is one of the two most important elements in
assessing the current operating condition of a hydrotechnical facility, which is especially
important when the object is under constant expansion. This is the case of KGHM’s
Zelazny Most tailing dam which is the largest sump reservoir of froth in Europe. The
considerable size of the facility entails a very complex monitoring system consisting of
numerous inclinometers, piezometers, seismic stations, geodetic benchmarks, etc.
Interpretation of data from such an extensive system requires a certain degree of
automation. In the article, a simple method of inclinometer sample classification using
machine-learning techniques has been presented, which significantly simplifies the
process of attention requiring areas identification.
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Can Artificial Intelligence Efficiently Support Sustainable Development?
Eunika Mercier-Laurent
Abstract
This paper describes the role AI may play in
sustainability. Sustainable development is currently
among the greatest challenges. Sustainability and
development are apparently opposite. The current
efforts to face the Planet Crisis by separate actions
generate less impact than expected. The capacity of
available technology and in particular Artificial
intelligence is underexplored. Eco-innovation actions
focus mainly on smart transportation, smart use of
energy and water and waste recycling but do not
consider the necessary evolution of behaviors and
focus. The concepts such as Smart, Intelligent,
Innovative, Green or Wise City invented to promote
existing technology transform the IT market. Most of
offers
consist
in
data
processing
with
statistical/optimization methods. This paper explains
how the AI approach and techniques combined with
adequate thinking may innovate the way of facing
Planet Crisis.

1. Introduction
Many factors affect the sustainability. One of them
is quick technological progress, considered as powerful
engine of economy. It brings many benefits for
humanity, but contributes also to Planet Crisis.
Computers, smartphones, IoT and other devices are
quickly outdated. The combination of various
communicating software requires “up-to-date”
hardware to run correctly. Most of hardware are not
eco-designed and need raw material that has become
scarce. Despite the large introduction of Corporate
Social Responsibility, some companies still practice
planned obsolescence to generate more revenues [1].
Social networks and various applications generate
an exponential amount of data stored in data centers
that need cooling. Fortunately, some apply circular
energy to reduce impact on environment, but still those
in Scandinavian countries clearly contribute to the rise
of temperature and melting of ice [2].
Globalization has changed the economic landscape.
Opening to business and quick development of China
and other Asian and South American countries offering
the low labor cost increases the relocation-out from
origin countries, mainly US and Europe, in search of

quick and high revenues. It requires transportation
across the world by ships and airplanes, which increases
pollution [3]. Besides, the buyers have to recycle
products, often of poor quality, made just for sale.
Repairing costs often more than new product and
requires the availability of spare pieces and related
know-how.
Huge global business
amplifies through
communication
technology,
e-commerce,
and
transportation facilities. Advertisement-based business
model and mass media promote the “buy more” and
“to have more and to show” mentality. “Buy more,
throw away and buy new” are the engines of today
business.
Despite the provided benefits, the innovation is
among contributors to planet disaster, because the
inventors and designers think mostly about
functionality, shape, look, attractiveness, and few about
minimizing the use of raw materials, reducing the
energy consumption, recycling facilities and other
environmental impacts.
The primary eco-innovation movement claims to
generate new businesses and jobs but the use of
technology in the related activities is moderate.
Corporate Social Responsibility aims in balancing
environmental, economic and social impacts. The
standards associated with product lifecycle management
(PLM) software claim to manage environmental impact
of the design [4].
The industrial renewal in Europe called Industry
4.0, initiated by German government to face Asian
competition, focuses on digitalization and optimization
of related processes. Therefore, eco-design is included
into Industry 4.0. Future factories, such as those at
Vaudreuil of Schneider Electric and Safran in France
integrate a lot of AI, preserving principle of
collaboration human-machine, instead of replacing
humans. Cyber physical systems allow simulate and
improve maintenance of existing equipment and design
[5, 6, 7].
Artificial Intelligence plays already a significant
role in decision support systems, optimization,
simulation, but can do better at the condition to
consider the mentioned factors as an ecosystem. It
requires a capacity of different thinking (without the
barriers between fields), complex problem solving, art
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of choosing appropriate techniques and managing
available knowledge and experience that apply.
After describing the concepts of sustainability, and
sustainable development we give a short overview of
AI techniques useful for sustainability management.
Case of Smart City illustrates how AI can help
mastering environmental impact. The paper ends with
some perspective on alternative way of doing and on
the role of intelligent technology in the transformation
of society.

2. Sustainability and Sustainable
Development
For many sustainability means economic health.
Indeed sustainability depends on how human activities
are in balance with natural ecosystems and how they
affect our biosphere [8]. Facing the Planet Crisis
requires different approach that world conferences,
agreements and separate actions. By the way,
participants travel mostly by planes generating CO2
instead of using available teleconferencing technology.
Nobody publish the “return on investment” in terms of
tangible and intangible effects of such actions.
In biological systems, sustainability means long life.
Systems components influence each other and the
balance of the whole system is the condition to survive.
Human activities and especially greedy economic
system have affected the balance of natural ecosystems
[9, 10].
Sustainable development is a principle that many
people claim to have invented. The definition of the
European Union inspired by those of Saint Exupéry is
following:
“Sustainable Development stands for meeting the
needs of present generations without jeopardizing the
ability of futures generations to meet their own needs –
in other words, a better quality of life for everyone, now
and for generations to come. It offers a vision of
progress that integrates immediate and longer-term
objectives, local and global action, and regards social,
economic and environmental issues as inseparable and
interdependent components of human progress.”
“Sustainable development will not be brought about
by policies only: it must be taken up by society at large
as a principle guiding the many choices each citizen
makes every day, as well as the big political and
economic decisions that have to be taken. This requires
profound changes in thinking, in economic and social
structures and in consumption and production patterns”
[11].
Sustainable development can be considered as a
process for meeting human development goals while

maintaining the ability of natural systems to provide the
required natural resources and ecosystem services upon
which the current economy and society depend.
The current greedy economic system is not
compatible with sustainable development. In this
context, sustainable development is an oxymoron – it is
impossible to remain sustainable without deep
understanding
of
our
natural
ecosystems
(multidisciplinary knowledge) and without radical
change of behaviours, objectives, values, political and
economic system. Sustainable development is an
attitude to learn and cultivate.
Various actions aiming in changing the way of
acting and doing things have been engaged since 1960
[10]. Recently the young individuals such as for
example Boyan Slat, Greta Thunberg and some NGOs
are engaged in actions for planet cleaning and
protection. Spreaded through social networks such
actions have potential to influence behaviours. The
initiatives as buy local, sharing knowledge on repairing
via video and numerous applications, such as Uber,
wonolo and some others, connect people offering
services or jobs with those who need them. It is quick
and effective, but out of the current economic practices
(taxes, companies…). Sometimes this way of doing
raise conflicts between “traditional” and “innovative”.
Some platforms connecting offer and demand use AI
techniques such as Case-based reasoning or deep
learning for direct matching of offer and demand [12,
13].
Games and serious games (with AI) have also
potential to encourage people to act [14].
Introducing the environmental principles into a
design of products and services is a step forward.
However, the traditional PLM tools should evolve to
take into consideration a new way of doing [8] by using
alternative thinking, simulators before doing and
optimizers. Future Factories are supposed to evolve in
this direction.
Technology is able to provide a considerable help,
but the way of thinking compatible with such complex
problem solving should evolve to global, holistic and
system [8]. For example, aeronautic and automotive
industries focus on lightening weight and reducing
carbon footprint, while other related aspects such as
route optimization for users are weakly considered.
Current travel search engines works for clients, not for
travellers. Current air transportation system “hub-andspoke” in which local airports offer air transportation to
a central airport where long-distance flights are
available, need innovation to minimize distance and
related CO2 emission.
The International Standard ISO 26000 provides
guidelines on how businesses and organizations can
operate in a socially responsible way [15]. While it
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constraints companies to integrate social and
environmental aspects into their activities, for ex.
design, they should also focus on balancing their
economic performance. These guidelines are complex
and it is very difficult for a small company to check and
respect all these principles without losing business. The
intelligent technology can help checking and optimizing
things; such systems has been prototyped in the
framework on French national funded project
Convergence [4].
To remain sustainable, development requires a
smart use of available AI techniques, not only trendy
ones but also those effective for a given case.
Combined with intensive use of available knowledge –
individual and collective, from related domains, from
the past and currently gained from experience such
systems can really help minimizing impact of human
activity.

3. Artificial Intelligence and sustainability
The third hype of AI focuses mainly on marketing
– gathering more data from various available sources
about customers to push them more products and
services. Collected data is mined using deep learning
software and the results explored commercially.
However, AI is much more than that and can do better.
Since over 60 years, AI researchers and
practitioners invented and have experimented the
various approaches and techniques. The Figure 1
presents an overview of main AI fields and available
techniques.

translation systems, personal assistants, security and
many others.
AI introduced specific way of thinking and problem
solving which is different from those related to
databases. For example, managing sustainability
requires deep understanding of all influencing factors,
relations between them and elements of context, such
as policies and human behaviors. The approach such as
KADS [17] combing Newell knowledge level,
Chandrasekeran interaction hypothesis and Clancey
generalization [18], requires defining a goal and
decomposing it into the tasks; each tasks corresponds
to a specific reasoning model that will use available
knowledge and consider the context to achieve a given
goal.
Deep problem understanding facilitates the choice
of right technique or combination of them in hybrid
systems [16]. For example, we can use constraint
programming for optimizing, planning and scheduling,
artificial neural networks to find similar pattern in
images, text or in audio file, case-based reasoning for
matching local offers of jobs and competency and in
intelligent e-commerce application. Some of
mentioned techniques are integrated in multi-agents
systems.
In the case of sustainability the contextual
knowledge on policies in a given country, base of
available actions and practice/prototyping should be
considered. We can build Sustainability Support
System as a simulator containing various interrelated
components to evaluate the impact of decisions for
policy makers, planners, organizations and companies.
It can be conceived as a toolbox allowing easy
configuration in function of the needs and allowing
verifying various constraints before doing.
Smart city can be a playground for prototyping of
such a system.

4. Contribution of AI - Case of Smart City

Figure 1. Overview of main AI fields and techniques
[16].

All techniques shown in Figure 1 have been
successfully experimented for various applications in
many fields around the globe. Decision support
systems, diagnosis and many others are now embedded
in larger applications such as automated pilot,
autonomous car, intelligent building, in drones,

All concepts - Smart City, Intelligent City, Green
and Wise City - aim in providing services to citizens of
quickly growing cities. The citizens can be individual or
a part of organization or company that is why holistic
approach is appropriate. Actually, the raisons of this
growth are job offer, access to services, to culture or
immigration or search for better social conditions.
Based on linear approximation in 2050 70% of world
population will be living in the Megapolis [19, 20].
Another influencing factor to take into consideration
is the ambition of politicians to grow their territory, to
attract companies and capital in aim increasing their
power and show it up. As consequence, regional
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economy collapses in many cases and should be
reinvented using local talents and resources.
The concept of Smart City was probably born in
early 2000s pushed by technology with Cisco as
network provider, IBM and some others. In 2010, IBM
introduced a new slogan “Smarter Planet” combining
their current offer to various elements related with
water, energy and transportation management.
Intelligent City tries to be different and defines
integrated model of intelligent economy, green
transportation, environment, governance and services
for citizens [20].
The city of Nice (French Riviera) runs annually a
conference on Innovative City [21]. This year AI and its
benefits for the city is on the program. The other topics
discussed are more traditional - mobility, energy,
recycling, urbanism, wellbeing and specificities of
Euro-Mediterranean area to explore. Technology is
behind all items, but it lacks an overall approach for
better optimization of efforts and investment.
Growing cities want to attract people and companies
by offer wellbeing to citizens. Green City combines
architecture, gardening and social cohesion [22, 23].
The topic of societal innovation is timely in the current
changing context [24].
The Wise City of Hong Kong in collaboration with
French Chamber of Commerce brings together large
companies - Schneider Electric, Alstom, Veolia, Thales
and KPMG - no room for small ones. KPMG claims to
be integrator of all offers. They focus on improvement
of living conditions: pollution, access to clean water,
waste treatment, etc. Hong Kong with over 7 million of
habitants produces 15,000 tons of waste daily and uses
60% more water than New York. Buildings are heavy
consumers and air pollution is 53% local [25].
Schneider Electric being a partner of Wise City
proposes an integrated offer, shown in Figure 2.

cities includes the following components: smart energy,
smart mobility, smart water, smart public services,
smart buildings, smart data centers and smart
integration. These components represent also the areas
of Schneider expertise. Several AI techniques, for
optimization, maintenance, decision support and others
facilities are embedded in this offer to provide solutions
tailored for the city. For example, mobility module
provides the real-time monitoring of system
performance and detection of problems that may occur
(predictive maintenance). The collected feedback
allows reducing traffic and improving the network.
The energy module is in charge of providing
continuous service. In the case that apply the energy
offer is composed also with available sources of
renewable energy.
Another module is in charge of water management
and supply. Improving public safety is possible thanks
to real-time analysis of video cameras (using
deeplearning).
We can notice that the offers for energy and water
are a part of smart buildings. Smart buildings, IoT and
home automation systems helps managing machine-tomachine connections, detection of incidents, water and
energy supply and optimized use of resources.
Healthcare management includes, among others
AI-bases planning and scheduling of staff and devices
for better service offered to patients.
Environmental footprint assessment application
collects the environmental data. After validation, they
are explored for improvement of performances. Data
related to “users’ experience” are also collected and
explored for continuous improvement.
Data Center is certainly associated with city
management system and we hope there is only one for
all applications proposed by partners.
This integrated city management platform designed
using Knowledge Management principle connects all
elements and allow information and knowledge sharing,
the observation of world best practices, provides
decision support and incidents management. This
platform communicates with city management and
citizens.
The city is also in charge of the other services that
citizens may need but the above system does not allow
expressing the citizen (consider in holistic perspective)
ideas for new services. Considering holistic approach a
Future factory is a part of the city or of the region.

Figure 2. Integrated services for Smart City (source
https://www.slideshare.net/SchneiderElectric/schneiderelectric-smart-cities-hannover-v3

The presented offer, elaborated as a whole,
improved though deployment in over hundred targeted

AI plays multiple role in Smart city – in the aboveintegrated offer the optimization techniques are used to
manage water and energy distribution and consumption,
other techniques for diagnosis, maintenance, business
intelligence, optimizing transportation, collection of
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garbage, planning works, meetings, events and other
city activities.

[5]
Future
Factory
Schneider
Electric
https://www.youtube.com/watch?v=N2nbm5xHCjc

5. Conclusion and Perspective

[6]
Schneider
2018-2019
Sustainability
https://www.schneider-electric.com/en/aboutus/sustainability/

In the context of Planet Emergency, sustainability
and sustainable development is still a big challenge for
humanity. Before applying technology this complex
problem requires awareness about our impact and
evolution of individual and companies behaviors,
radical change of focus from having more to living
better in harmony with nature.
AI way of thinking helps understanding better such
a complex problem, finding alternative solutions, but
the better use of our brain capacity is mandatory.
The presented example demonstrated that AI is
useful in many situations if we apply appropriate
method and techniques.
AI can help managing many aspects when used
appropriately, but we still need to define the right
metrics for correct evaluation of the effects of our
actions – individual and collective. Simulators cans
help evaluating the situation, testing effect of
influencing factors and consequence of decisions to
take before doing. It applies in industry, city and in our
lives.
The balance between the use of technology and
human capacity should be preserved. Technology
producers have tendency to produce software and
devices that think instead of the human and take
decisions for him/her. This kind of applications may
replace human at the long run and reduce his cognitive
capacity. That is why we have to design applications
able to enhance human intelligence without switching it
off.
Technology alone cannot save Planet, but can help
us to be smarter.
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Abstract. The utilization of management control systems in university management
poses a considerable challenge because a university's strategic goals are not identical to those applied in profit-oriented management. A university's management control system should take into account the processing of management information for
management purposes, allowing for the relationships between different groups of
stakeholders. The specificity of the university operation assumes conducting longterm scientific research and educational programmes. Therefore, the controlling approach to university management should considerat long-term performance measurement as well as management in key areas such as research, provision of education to students, and interaction with the tertiary institution’s socio-economic
environment.This paper aims to develop a conceptual framework of the Intelligent
Management Control System for Higher Education (IMCSHE) based on cognitive
agents. The main findings are related to developing the assumption, model, and
technological basis including the artificial intelligence method.
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1. Introduction
The use of management control systems (MCS) in university management is a
significant challenge because the universities' strategic objectives are not the same
as those of profit-oriented businesses. Moreover, unlike enterprises, which mainly
attach importance to increasing value for the owners, the competitive advantage and thus the position - of a university among institutions which focus on scientific
and educational activity stems from other sources and is oriented towards meeting
the needs of a wide range of stakeholders. It is crucial to translate a university's
strategy into its operation, which is intended to serve the purpose of enabling all
members of the academic community to understand the strategy while streamlining
the process of its implementation in the course of the tertiary institution's day-today activity. A university's controlling system structure is closely related to its strategic goals and assumed directions of development. The triple helix concept, promoted by H. Etzkowitz and L. Leydesdorff [1] can be used as a basis for defining
the mission and strategy of a university. According to them, the triple helix is a
model of relations occurring in the process of the creation of knowledge between
three types of entities: scientific centres (academia), the industrial environment (industry), and public administration (state). The knowledge-based economy requires
creative cooperation of modern universities with public administration and the economic environment. The so-called quadruple helix and even quintuple helix concepts are being postulated today [2]. The triple helix model is enriched by the media,
civil society, and the natural environment.
The MCS of a university should allow for the processing of management information for the executive bodies' needs, taking into account the relations between
different stakeholder groups. The specificity of a university's operation assumes
conducting long-term research and offering long-term educational programmes.
Therefore, university management's controlling approach should allow for longterm performance measurement and management in critical areas, such as conducting research, educating students, and cooperating with the socio-economic environment.
The design of MCS to support university management should include internal
and external information. Processing internal information is complicated due to the
multidimensionality of information aggregation objects and the wide range of stakeholders. Access to prospective information allowing to assess the expected changes
in operating conditions and determine future directions of action is limited because
scientific research may produce uncertain results (i.e. there are no such methods).
A useful tool for any university is to create scenarios for future decisions that can
be generated to ensure the adopted development strategy's implementation. Moreover, as far as the decision-making process is concerned, it is necessary to process
external information concerning factors including the following:
- the demographic situation,
- changes in legal regulations,
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- the demand for graduates with new qualifications,
- competitive entities' activity,
- changes in the methods of education.
Managing a university is a process of making decisions whose accuracy determines the effectiveness and efficiency of its educational and research activities.
Therefore, analyses carried out under the MCS should enable the following, among
other things:
- evaluation of the university's ability to meet the requirements of the regulations governing higher education,
- identification of the financial needs sources of research and sources of
its funding,
- symptoms of threat and the risk of a change in the competitive position,
- directions of changes in the side areas of operation.
A carefully developed and detail-oriented internal information system, constituting a response to signals coming from the environment, plays a vital role in supporting university management. It is necessary to apply a detailed assessment of all
aspects of the university's operation. The most common method of managing performance in private and public sectors, including universities, is the Balanced
Scorecard. The first generation of the Balanced Scorecard [3] was treated exclusively as a method of measuring performance, while nowadays, it is a much more
advanced concept, one that is continuously being developed. Today, R.S. Kaplan
and D. P. Norton argue that their proposal can provide a framework for performance
management geared towards implementing a strategy using intelligent control systems.
The functioning of the MCS involves the processing of both structured and unstructured knowledge. The artificial intelligence methods and tools can be used in
this purpose.
This paper aims to develop a conceptual framework of an Intelligent Management Control System for Higher Education (IMCSHE) based on cognitive agents.
The main contribution is related to the following:
- The application of cognitive agents in a Management Control System for
Higher Education,
- A proposal for extending the Learning Intelligent Distribution Agent Architecture with a machine learning module.

2. Related works
During the theoretical foundations' analysis, attention was paid to the issues raised
in studies dedicated to Management Control Systems (MCS) solutions implemented
at universities, emphasizing the applications being within this study's scope. The
overwhelming majority of the studies concernes the characteristics and evaluation
of MSC systems used. Baid [4] researched types of control in schools. Its findings
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show a positive relationship between teacher control, student control and the institution's performance. Al.-Tarawneh [5] conducted a study involving university professors and students in the context of MSC use. In his view, professors who have
less experience in higher education tend to use MSC more than those with many
years of experience [5]. Beuren and Teixeira [6] researched the structure and functions of MSC in assessing performance at private universities. Based on the results
of the questionnaires sent to managers responsible for the strategy of educational
institutions, it was found that the overall evaluation result for MCS reached an average of 3.62 on a 5-degree scale. According to Tanveer and Karim [7], universities
must implement performance management (PM) procedures to improve their performance and align their individual goals with the university's strategy. The evaluation must consider the achievements of the researchers and the administration to
an equal extent.
A much smaller number of articles included information on the IT solutions being
applied. The authors Cantele, Martini, and Campedelli [8] showed in their research
an insignificant relationship between the degree of development of MCS and some
specific features of state-run universities, such as size, complexity, degree of expenditure rigidity, and availability of human resources assigned to administrative
activities. Besides, they found that the planning and control tools used at universities
include modules that enable the following:
- economic and financial simulations, including planning under different
scenarios;
- processing information on the university's strategy, mission, and objectives;
- building long-term business plans that define strategies, goals, programmes, initiatives, and projects, as well as their implementation schedules, project managers, allocated financial and human resources, and objectives to be achieved;
- using management dashboards which provide performance indicators that
can be used for both internal management and external communication;
- cost calculation in sections such as master's studies, research projects, activities and processes, responsibility centres;
- budgeting and operational planning;
- deviation analysis.
Labas and Bacs [9] present an MCS concept that includes a software structure. The
MCS should be at the junction of field-specific systems (e.g. fixed assets management, financial management, financial accounting, or human resources management) and the management information system (MIS). Based on preliminary research carried out, it can be concluded that there is a cognitive gap in IT support for
MCS in organizations involved in academic teaching.
Z Alach [10] proposes a model for assessing the maturity of performance management systems in higher education controlling, which includes seven elements. This
model was built based on normative research conducted by many authors. Z Alach
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integrated these recommendations and empirically verified them, grouping all criteria into three sets. The first group concerns the use of information on performance
in university management and on whether the obtained results stem from the use of
this information. The second group is focused on designing a performance management system and its internal coherence. The last group refers to the elements that
determine the system's usefulness. McCormack et al. [11] propose using 17
measures for the evaluation and design of a university's controlling system. All the
measures are divided into four categories: operational activity, monitoring, targeting of measures, and motivation systems.

3. Research methodology
In our research, we use the Design Science Research Process (DSRP) methodology
[12]. This methodology involves the realization of research works as process-dependent steps responsible for implementing basic tasks and delivering primary work
artefacts. This methodology is based on five necessary steps. The first, "Awareness
of problem", focuses on preparing a preliminary proposal for a new research topic.
It results from the analysis of already available achievements and results in related
scientific disciplines and industry (in our paper this phase is realized in the introduction. The second, development of the proposal ("Suggestion"), follows the initial
proposal and is a creative step to define new models, methods, and functionalities
based on new configurations of existing or new elements. This phase is realized in
the related works section. The third, constituting further development of the proposal ("Development"), is where the initial research is developed and extended. The
development is performed in the Framework of the system section. The fourth,
"Evaluation", is when the prepared artefacts are evaluated according to the adopted
criteria. The fifth, "Conclusion", can be the end of a given research cycle or end the
entire research undertaking. The evaluation and conclusion are related in the Conclusions section. As outlined, each stage ends with a specific result, which then
forms the basis for and enables the next step in the process. Besides, this methodology assumes that it is possible to return to the previous steps under the observed
restrictions. We use the literature of subject analysis, as a research method in the
Awareness of the problem and the Suggestion stages. In the development stage, we
use such research methods, as modelling, design and implementation and observation of phenomena's. The Evaluation we use research experiment method. Conclusion phase we based on synthesis, analysis, induction and deduction research methods.
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4.

The framework of the system

The Intelligent Management Control System for Higher Education (IMCSHE)
aims to provide information for the UEW's Balanced Scorecard (BSC). The scorecard includes four perspectives focusing on the following information:
The financial perspective (F):
-

financial plans including a material and financial plan, the central budget
of the university, partial budgets (budgets of subunits, tasks, or projects);
control aspects in terms of income and expenses (in cross-section of subunits, tasks and projects) and financial and economic indicators.

The client perspective (C):
-

-

student segmentation;
change dynamics in student segments (degrees, types of studies, fields of
study);
quality of education from the perspective of students and graduates (tracking the path of graduates' professional development) broken down into
fields of study, specialities, modules, and subjects;
education quality indicators.

The internal processes perspective (P):
-

-

-

human resources potential, including the structure and dynamics of employment broken down into degrees and academic titles, positions held,
and functions performed;
scientific potential, including the number and quality of publications (IF
and quality of publications), citation indicators, experience in research projects, the number of promoted doctoral students, the level of scientific research commercialization, the impact of scientific activity on the functioning of the society and economy, research infrastructure, as well as the
organization of conferences and scientific seminars;
educational potential, including flexibility in adopting the educational offer to market needs, employee evaluation from the perspective of both, the
student and the graduate, the number of promoted students, supervision of
scientific associations, initiatives in the field of cooperation with students
and their organizations, as well as teaching facilities;
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-

organizational potential, including the ability to develop pro-efficiency
and pro-quality intra-organisational projects, work for the university environment, and the organization of the internal units' operation.

The development perspective (D):
-

acquiring and conducting development projects, fully informed at HR development, as well as management structures and infrastructure;
development level and evolution of IT systems supporting the implementation of all university processes;
level of organizational maturity.

The diversity of perspectives enables the development of multidimensional reports for managerial purposes. It also determines the architecture of the data aspect
of the IMCSHE. The class diagram in Fig. 1. represents the simplified hierarchical
structure of a university. Also, it shows how reports are generated. At this point,
there were four types of reports distinguished concerning the identified perspectives, namely:
-

Financial report,
Customer report,
Internal process report,
Development report.

However, a new type of report could be defined if needed, since the generalization set is not complete.
The composition used between all levels of university management indicates that
reports generated for each level of the university are used to calculate reports for
higher university structures, e.g. in the case of a financial report, the sum of all
expenses for projects in a given division will give the expense value in the financial
report for this division. One of the project approach's main assumptions is that business as usual (BAU) is also treated as a separate project. At first, we distinguished
two types of organization unit: Faculty and Administration. The lower level is a
division, which serves as a universal type of second-level descendant in the structure. The division report is created as a result of the aggregation of projects, i.e. the
lowest level of university structure decomposition. Reports are complex structures
built from various fields, for each of which a separate aggregation function needs
to be defined. At the top of the hierarchy is the university, which has reports derived
from lower structure levels. The aggregation function allows us to derive the final
report based on a chosen organizational structure level due to such a hierarchical
structure. In particular, we do not need to include all levels in defining aggregation,
instead only focusing on the minimum needed set of projects. However, each report
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is based on an arbitrary set of report types, i.e., Financial report, Customer report,
Internal process report, and Development report. All of them inherit from a report,
which means that they share some properties, but at the same time, they focus on
different perspectives.

Fig. 1. The simplified hierarchical structure of a university
The component diagram (Fig. 2) shows the system's concept with a strong emphasis on data sources, i.e., the university's core IT systems. The integrated system
communicates with each source component through a dedicated API and obtains
the data from each of them. At first, the data feeds the data warehouse, where it is
processed, and then the aggregated data is sent via a dedicated interface to the target
iSIC component. Thus, the data warehouse is a crucial part of the system. The quality and structure of data delivered to the warehouse is undoubtedly the key indicator
of system performance. In our concept, we focused on the following data sources:
-

Employee evaluation system – provides data about employee results;
USOS – provides data related to teaching, such as student surveys or data
on financial settlements with students;
Lecture planning system – a system for sharing data on the allocation of
items and teachers to rooms;
Publication repository – provides data on employees' publications;
ERP – a system focusing on data such us: HR and payroll, organizational
structure, and cost centres;
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-

Budget Planning System (SIC) – a system used to define unit budgets
(tasks and project budgets);
Expenses Control – a system focusing on tracking expenses;
Project repository - shares information on scientific, R&D, and organizational projects;
Infrastructure Management – provides information regarding the infrastructure.

Fig. 2. A concept of the Management Control System for Higher Education.
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Such diverse data sources allow generating distinguished types of reports by the
iSIC component. The iSIC component consists of the artificial intelligence module.
We use the Learning Intelligent Distribution Agent Architecture (LIDA), developed
by Cognitive Computing Research Group (CCRG) [13, 14]. CCRG also developed
the software framework of LIDA (in Java and Python). The reason for choosing this
architecture is our many years' scientific experience in applying this architecture in
management information systems [15, 16]. LIDA is a cognitive architecture, performing tasks within a cognitive cycle. The knowledge is represented by a "slipnet"
- a semantic network with nodes' and links' activation level. The learning process is
permanently performed. LIDA consists of the following modules:
- sensory memory,
- perceptual memory,
- episodic memory,
- declarative memory,
- workspace,
- attentional codelets,
- global workspace,
- action selection,
- sensory-motor memory.
The communication between modules is handled by codelets - mobile software
programs processing information. LIDA's functioning was described in detail in
[Franklin et al. 2016, McCall et al. 2020]. LIDA's advantage is related to the ability
to process both symbolic and numerical knowledge (a slipnet allows the representation of such kinds of knowledge). This form of knowledge representation is beneficial in the areas of management and economics [17]. However, the disadvantage
of LIDA is its complexity when processing large amounts of knowledge. Moreover,
it entails high resource consumption. Therefore, we propose extending the LIDA
architecture with a machine learning module, making it possible to process faster
numerical knowledge (which cannot be represented as a slipnet, e.g. knowledge related to the prediction of costs, or the number of students). The extension is presented in Fig 3.
The machine learning module is connected to episodic memory (this memory
stores data related to past events) and workspace memory. Input data for the machine learning module is required from the historical data and workspace memory.
The results are sent to the workspace memory. The results (e.g. predictions) are
taken into consideration in forming a current situational model in the global workspace, which influences action selection and action forming.
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Fig 3. The extended architecture of LIDA.

5. Conclusions
Universities try to develop following the strategies they adopted, which will enable long-term activities plans. The university management must constantly analyze
the information coming from available databases pertaining to many areas and its
surrounding environment. This article presents a concept of an intelligent management control system for higher education. The essence of this solution is a combi-
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nation of an MCS's ideas, the balanced scorecard, and machine learning. The premise of this system is a controlling-oriented approach to supporting university management. The executed operational tasks must serve to implement the adopted strategy. The proposed system is expected to involve long-term measurement and
management in key areas, i.e. to conduct research, providing education to students,
and cooperating with the socio-economic environment.
Furthermore, it should support the university's management staff in carrying out
various types of financial analyses so that the tertiary institution's activity does not
bring financial losses. The university's MCS is based on the Balanced Scorecard,
which comprises four perspectives: The Financial Perspective, the Customer Perspective, the Internal Process Perspective, and Development Perspective. The Balanced Scorecard is one of the methods used to support knowledge management,
which is important because the university's employees' knowledge constitutes its
essential capital. As far as universities are concerned, adaptation to the technological change, effective knowledge sharing and communication, operational efficiency, time saved due to knowledge sharing, and the growth and enhancement in
the collaboration culture are becoming essential elements of knowledge management. Especially knowledge sharing allows generating new ideas, improving organizational performance, and helping employees to stay motivated. The Balanced
Scorecard makes it possible to generate various reports for the university management with a focus on four perspectives.
The proposed concept of an intelligent control system requires an appropriate IT
system architecture. A basis is a typical approach applied in Business Intelligence
class IT systems, i.e. the transformation of data in various heterogeneous databases
into information and knowledge for the management staff. There are many databases within the university (mentioned in the previous section) from which the necessary data will be obtained and loaded into a data warehouse after using ETL tools.
Aggregate data located in a data warehouse is the primary resource for an Intelligent
Management Control System for Higher Education. The use of the Learning Intelligent Distribution Agent Architecture and the machine learning module application
are important elements of the proposed system. The use of these elements makes
our proposal different from a typical Business Intelligence class system,
The proposed Intelligent Management Control System for Higher Education, applying four perspectives following the Balanced Scorecard and machine learning,
allows the development of scenarios for future decisions that can be generated to
ensure the adopted development strategy's execution. Scenarios may concern the
processing of information from databases existing at the university. They may also
include data and information from the university's environment, i.e. the demographic situation, changes in legal regulations, the demand for graduates with new
qualifications, and competitive entities' activity.
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Abstract.
This article presents the key elements of the digitalization of a system, industrial
and non, providing a new holistic formulation for I4.0 and a concept base of a
new API system in the field of Digital Twin for industrial integrated smart solutions. The general approach is also considered for „traditional” industries which
come to be I40 and as a suitable element for virtual training and decision making
system for industrial e non -industrial customers in a vision of future application
in VR environment. In particular, this research defines a formula - CMon - representative of the digitalization of any system and the realization of an API, DTnet,
able to create in real time a DT of a single object or of an element of an existing
plant from a video, realized through any device, using Deep Learning Techniques
and then integrate it in VR environment for a more accurate predictive analysis.
Keywords: Digital Twin, I4.0, Artificial Intelligence.

1

Introduction

The I4.0 [1] [2] panorama introduces new development and service concepts in the
name of a digital transformation fostering the disruption side of the smart technologies.
This disruption is evident not only at technological level. According to [4 ] it represents a potential way to decrease the production costs by 10-30%, logistic costs by 1030% and quality management costs by 10-20% . There are also a number of other advantages and reasons for the adoption of this concept including, just to mention few, a
shorter time-to-market for the new products, improved customer responsiveness [3] and
also optimization of environmental friendly best practices.
Including a technological mix of robotics, sensors, connection and IoT integration,
I4.0 represents a new revolution with respect to the way of traditional manufacturing
products and traditional work organization, which does not exclusively imply a new
process but also allows transformation of traditional industry in smart industry in a
sustainable way, following a circular and non-linear development as in the recent past.
The improvement provided by digitalization, in particular referring to the Smart Factory, proposing three levels [5]: smart production, smart services and smart energy. But,
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considering a wide application panorama, the digitalization thanks to the interconnection with machine learning technique, in particular deep learning, offers the possibility
for advanced forecast and consequently prevention and optimization of the potential
solution and best management also in other sector, as mentioned before, like environment and health.
These innovative renewing processes and systems also brings new managed communication and service rules, firstly by workers/managers with adequate skills. In this process towards the smart factory, cloud computing, which arises from the combination of
information technologies that have developed in recent decades, plays a fundamental
role, covering the application of an end-to-end solution using information and communication technologies which are embedded in a cloud.
In the landscape of smart devices, another important trend for the future is the augmented humanity surrounding the AR, augmented reality.
The AR devices will generate much of the business market value, in the next years, VR
devices will find application in specific activities. In general, AR / VR devices, which
initially attracted mainly private consumers, begin to enter companies to manage internal processes and customer-oriented services [20].
The Augmented Operator paradigm is related to the worker’s technological support that
is required in the manufacturing environment, which represents a challenge, since the
operators will face a large variety of new tasks. Industry 4.0 introduces new types of
interactions between operator and machines, as well as the coexistence between human
and robots, which will completely change the current industrial workforce in order to
answer the changing requirements and the increasing production variability [21-22].
In light of the impact of these disruptive technologies , this article presents a new holistic formulation for the I4.0, considering the key element for the digitalization of any
system, for example for „traditional” industries which come to be smart, and a concept
base of a new API system in the field of Digital Twin - DTNet - for industrial integrated
smart solutions in a VR environment.

2

Research Challenge

The principle behind the integrations between digital twins is the practical application
of their real twins. In operation, each component interacts with others and this entails
additional aggregate data. The Digital Twins of each of these components if linked to
the others and placed in simulation, can provide much more precise data on wear, failures and any other problems, using cloud-connected sensors integrated into the machines to upload operational data in real time, producing updated virtual simulations of
real machines. Producers can then use margin analysis to analyze and evaluate the performance of their products in the field. The main goal is to have a digital context running for every real-world resource in the field, with virtual replication ready to update
its status thanks to data reception and analysis. But, the main challenge is the realization
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of a DT when the technical engineering properties are unknow and it is necessary to
define all aspects to implement smart system.
The aim of this research is to define a “formula” for the digitalization of any system
(industrial and non-industrial) – CMon- and the parameters for an API - “DTnet”,
allowing the possibility to realize in real time a Digital twin for all type of machine
and for a suitable definition of the proposed Digital Twin model in Virtual reality environment. The ultimate goal is also to study the potential benefits of applying
knowledge management powered by adequate techniques of artificial Intelligence proposing the new approach to Smart Factory in the context of I4.0.
The building blocks of the key elements of the digitalization of any system, representing
the fundamental elements of the proposed formula CMon, are identified in the workflow of Figure 1. This work proposes the DG-workflow presenting the fundamentals
steps of the realization of smart system starting from the realization of a DT for an
existing element of an industrial plan or for an existing single industrial element.
In particular, it’s important to highlight that the widespread use of Wi-Fi and the ability
to transmit data from the cloud combine to make the application of digital modelling
accessible on a large scale for a wide range of solutions and devices, included mobilphone, it is one of key elements of the design of a DT in real time.
The workflow has three main part. The first phase is the “Implementation” of a digital
system through:
1. Realization of a Digital Twin through the proposed API, DTnet;
2. Installation of a series of sensors, distributed along the whole chain that process the
signals and allow the digital twin to capture operational and environmental data, and
actuators that instead operate directly on the production process itself in order to
optimize it;
The second phase considers:
3. Data collection which are part of the digital world and are nothing more than aggregations of more information received by sensors from the physical world thanks to
IoT;
The third phase are the :
4. Analytical techniques that are used to analyze data and, through simulations and
daily routine visualizations, produce forecasts aimed at improving the system itself;
This research defines a formula - CMon - representative of the digitalization of any
system considering the fundamentals elements mentioned in the proposed Workflow.
In particular, referring to the first point, the digital representation of an object through
numerical modelling and simulation techniques is certainly not a new concept: in the
past decades more or less sophisticated IT tools have been developed that allow to assist
designers and builders in the phases ranging from conception to production or assembly.
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Fig. 1. Workflow of DTNet

The innovation of this research is also the realization of an API, DTnet, able to create
in real time a DT of a single object or of an element of an existing plant from a video,
realized through any device, using Deep Learning Techniques and then integrate it in
VR environment for a more accurate predictive analysis.
In general, the available tools normally operate in a context of pure simulation (i.e.
without any interaction with the physicality of the systems they represent), and also for
this reason they are gradually less effective as the complexity of the modelled system
increases. Numerical models also have limits in situations in which it is intended to
observe (simulating) behaviours that are articulated over a wide time span, in which
complex phenomena that can have an important impact on performance, such as wear
of mechanical parts, intervene - in the real world or tools.
However, the quality of the simulation of complex phenomena can be significantly improved if for the realization of a DT, we use, as proposed for DTNet , CCNs, to realize
a model from real world and combining, through embedded sensors, the data from
measurements made in the physical world. In Figure 2 we can see, for example how a
ConvNet, is able to identify and recognize a computer by object detection with a high
rate of accuracy from a video [35].

Fig. 2. Deep Learning for DTNet: example of object detection in rela time using a
mobile phone
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The last part of the Workflow proposed is the predictive analysis phase.
Within this phase, the data collected is mainly used for two very distinct reasons:
• for current investigations, to know when a certain anomaly occurs and how to remedy it;
• for future investigations: in this case, the data are not used for a purpose that is
poured into the product immediately but are used to try to anticipate what may happen in the future; anticipating malfunctions, improving over time certain features
that the product offers are an example of what could concern these analyzes.

3

Proposed approach – holistic view of Smart Factory

3.1

New approach to Smart Factory in the context of I4.0: CMon
formula to implement digitalization is any system

This paper wants to define a formula – CMon ( Figure 3) - in an holistic way to identify
the basic parameters for the digitalization of the industrial sector, reflecting its main
characteristics:
H+ 3D +2C+ IoT

Fig. 3.

I4.0

CMon-formula for I40

Where:
H : Human capacity/skills-Human-machine interaction
3D : The 3 key-elements : data, deep learning, devices
2C : Cloud computing and Communication
IoT : Internet of Things
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The elements of the proposed formula are here presented in light of their main characteristics and represents the key elements to be a smart industry in light of the requirements of I4.0, following the building blocks of the workflow presented in the previous
paragraph. The results are focused, in this paper, on the relationship of the 3D and IoT.
In particular how built in a faster way a DT in light to realize an easy way for the
digitalization of traditional industries complying the needs of I4.0.
Further details, including the technological and architectural choices for the information system and for the methods of communication, can only be defined and taylored
by analyzing the specific case of interest. The digitalization puzzle is the communication between the physical object and its digital twin, which must take place in the most
effective way and in line with the requirements: the communication architecture in
terms of protocols must therefore be precisely defined network and HW and SW interfaces.
The latest generation machines have HW and SW components that allow communication with the outside world, while the older generation ones - still widely used in production plants - are not equipped in this sense.
The adaptation to the typical canons of Industry 4.0 can also be obtained for these
equipment by adding sensors and processing modules (embedded systems) capable of
detecting and transmitting the quantities of interest (a technique called refitting, which
must be implemented without interfering with the control electronics possibly already
present).
The structure responsible for data management is joined by one or more SW modules
that make up the intelligence of the digital twin. These can include simulation tools (of
the machine) and sophisticated algorithms which, being able to act on information
measured in the physical world in addition to the estimated one, are able to provide
extremely accurate results and information.
Of course, one of the main component is the human capacity, in particular the humanmachine interaction, to implement the informations obtained by the data elaboration.

4

“DTnet®”

4.1

Definiton of the research parameters

The proposed API, DTNet, is the model of an object to which data exchange features
are added with its correspondent in the physical world and which follows its evolution
over time keeping the virtual representation updated .
Starting from this relatively generic definition, it is possible to identify some essential
requirements for the physical objects of which you want to create a digital twin, as well
as some functionalities necessary for the information system in charge of managing
their virtual representations. It is important to note that, although the context referred
to below is that of manufacturing (the one in which the concept of digital twin originated), the considerations made can be applied to any digitization process.
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As presented, in the previous section, the research is focused into realize tool to design
a DT through Deep Learning.
Here are considered the main design parameters of the proposed DTNet model.
The concept of a new product is created according to needs dictated by users and particularities of the current fashion. Even characteristics of traditional products affect the
development of the new.
As a concept, that is, an initial development phase, it represents an initial project of how
the product will be created without taking into account its software or hardware characteristics. More than anything else, we will take into account the functionalities and
how the assigned tasks will have to be carried out: at each creative cycle a design will
be proposed and it will be necessary to verify whether the functionality and the foreseen
tasks respect in an adequate and advantageous way the user needs.
It is therefore useful to be in possession of a virtual element that acts as a support for
these continuous iterations, relating if necessary with the previous versions of the concept itself. It will therefore be necessary, as the product concept develops, that the digital twin grows hand in hand.
Another very important element that affects the design phase is the opportunity for
communication of the digital twin with other digital twins in order to obtain from them
information concerning them. Thanks to this particularity, it is thus possible to obtain
further information concerning, for example, products already on the market in order
to foresee and correct problems connected to them in advance.
However, creating a digital representation of a tool assembly for simulation purposes
is far from simple.
Traditionally, to obtain the most accurate representation of a tool assembly in a CAM
system, the operator must first search for the necessary information in the various supplier catalogues, then download the 3D model files and assemble them in a CAD program. This is today the only way to obtain a tool assembly in the CAM system, including all technical parameters.
It’s possible to distinguish the :
• Digital Twin Prototype (DTP), which describes the prototype physical artifact and
contains the information sets necessary to describe and produce a physical version
that duplicates or twins the virtual version;
• Digital Twin Instance (DTI), which describes a specific physical product corresponding to which a single Digital Twin remains connected for the entire life of the
product itself.
According to a Gartner study, in 2018 48% of the companies interested in the IoT are
planning the use of Digital Twin, which would allow to test the solutions before they
are applied and would agree in economic terms: it would save about 50% of the time
and production would increase by 20%.
The model of this research, instead, consider the realization of a DT in real time and
without to download a 3D model. The model is based on Deep Learning applied to
video recognition and on the Human-Machine collaboration in a Virtual Reality environment, in particular through CCNs (Convolutional Neural networks) [35].
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5

Conclusion and Future work

Up to now, the operating and design phases, for example at industrial level, have always
been conceived as two totally unrelated phases that did not need to communicate with
each other. Thanks to the digital twins, it is possible to combine these phases and keep
an eye – before, during and after the engineering phase – on potential weaker parts/process more carefully in order to understand where and how the problem could actually
occurs through the elaboration of the data collected in real time using artificial intelligence tecniques . This represent a benefit for the future of the product itself and it can
bring benefits to new possible products that will be created instead of recognizing the
problem only once the complete product is on the market.
At the same time this large amount of data, related to the simulation models always
built in the engineering phase, improves all those services that could be requested by
the user, such as maintenance; in this way, intervention times and times to find the
cause and solution to the problem decrease drastically, bringing benefits to the company
both for evident savings in maintenance costs and for customer satisfaction.
In this research, in particular , as reported in the proposed workflow ( Figure 1), it is
the combination in real time through smart technologies of the afore mentioned phases
the basic parameter for the digitilazion of a system, specified in the proposed formula
CMon. In the proposed “smartification” the key element is the realization of a Digital
Twin. In fact, the core and next step of the research will be the API realization – Dtnetfor the design of a Digital Twin of any system from any device in real time through
deep learning techniques and potential integration in the VR environment.
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Abstract:

In French society, many aids are proposed for each kind of population. In the particular case of disable
persons, it is quite difficult to deal with all the different information coming from heterogeneous contexts.
Such different knowledge cannot be directly integrated, so we propose to build ontologies for each aspect.
Then, we manage the cooperation of these distributed ontologies through a relational structure. Finally, to
ensure the representation of the guidance interactive process, we model a workflow to follow through the
successive steps of an individual folder. This folder will go with the disabled person, first with its own
information, then with some administrative information and lastly with service propositions. The process is
recursive allowing a better long-term assistance monitoring.
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1

INTRODUCTION

Distributed ontology is a relevant framework for
the articulation between ontology domain, knowledge
management and activity. We propose first an
application of this principle in the domain of
disability. In this framework, we develop the
foundations of an infrastructure that connects
libraries, processes and services. These document
structures are associated to processes but have an
internal specific logic. Our first objective is the
characterization of each ontology with the objective
of its articulation to the others. In France, disabled
persons can be helped in many different ways, for
example adapting one’s home and a private teacher.
Philosophically, Doat (2013) points out the necessity
for human society to have a good aid for the weak or
different disabled people. Every case is individual
however there can be similar proposals. For the
people and their family concerned, it may be baffling
to know one’s rights. In fact, they have to summon up
a lot of heterogeneous knowledge and build a
personal folder to obtain help and services. At the
end, we hope to propose a tool for managing these
individual folders. In this paper we propose to follow
the construction of the folder through different steps
using dedicated ontologies. After a brief description
of the context and some related works, we present our
generic model, then the relational structure before the
workflow in our system and a conclusion.

2

CONTEXT

How can we associate and use together scientific
resources, individual information and rehabilitation
service documentation in the framework of an
activity? We propose a distributed model that
articulates different types of resources in the
framework of an activity.
This activity is founded on personal files and its
objective is the proposition of services to a person. Of
course, this person can receive one service: in this
case the activity evaluates the relevance of this
service and if it is in keeping with their needs. This
process is then recursive.
Our purpose is anchored on a specific activity:
guidance of persons with a disability to relevant
services. We focus on the conceptual model that
allows the organization of the different information
sources: bibliographic resources, personal files and

service description. These sources are very distinctive
both in their structure, description and organization.
We propose a distributed model that represents
independently each component. Each component is
structured in a way to be used by the activity.
We describe by ontology the three dimensions of
this process: the knowledge organization, the service
and the activity of decision and regulation. These
three dimensions are about persons or individuals.
But each considers the individual distinctively: for the
knowledge organization, this is an instance. For the
activity and the process, the individual is the object of
the activity, but distinctively: for the activity, the
object is the instance and for the process this is the
type.
The individual is the central notion that allows the
distribution of the ontology. The need is the central
concept that organizes the structure of each
distributed conceptual structure. The need is the issue
of the deductions in the disability ontology. The
activity is founded on the expression and evaluation
of the needs. Lastly, the process begins with a need
and is ended with its satisfaction.
The disability domain is distinctive to medical
and health because it is a dynamic construction that
begins with the identification of a disease or disorder
and that ends with the individual rehabilitation. This
process requires a succession of scientific
investigations, comprising sociology, on the
individual.
The organization of the scientific knowledge is
only a part of the model. The process ontology
represents how the individual expresses his need in
the social context of an aid and the attribution of a
rehabilitation service. The last ontology represents
this service in relation to the need and the individual
rehabilitation. It represents schematically an activity.
These three ontologies to manage heterogeneous
types, instances and references are partly inspired by
Smith and al. (Smith 2010) in their methodology for
coordinated evolution of scientific ontologies.
Each module has a distinctive function:
Workflow for document elaboration and
sharing.
Knowledge organization to articulate
libraries to practice, especially for
individual description.
Knowledge organization for service
description in relation to individual needs.
In a more general way and including the
individual, we distinguish three generic objects for
the ontology:
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The characterization of a course of the
action.
An individual character, expressed by its
classification.
An action strategy, manifested by the
actor’s behaviors and actions.

RELATED WORKS

We have chosen not to use an existing model, like
HI-ONTO (El-Diraby, 2005) for example, because
these models are not founded on the association of
heterogeneous entities and they postulate the unity of
the domain. In our case the domain is itself distributed
and oriented to an individual satisfaction of a need.
The disability is described by an international
classification (ICF, 2001). This has been criticized
because logical conceptual construction is not
consistent. The second knowledge organization is the
French thesaurus (2012) These tools organize the
domain following a modular principle. In this way
they are organized by “micro-thesaurus” or subdomains (Ruggieri, 2001). Some efforts are engaged
to build ontology on the basis of the classification
(Cuenot, 2015). We propose the elaboration of a
specific ontology level that maps classes and
thesaurus concepts to ontology. Our ontology
integrates active and dynamic dimensions defined by
a social characterization of disability. In this
framework, a handicap or disability is considered as
phenomena that aggregates different points of views,
from medicine to social. We follow this principle,
considering that these different approaches are
dependent. The ordering of these dependencies
allows the consistency of the ontology and the use of
the BFO vocabulary (Arp, 2015).
As in Basic Formal Ontology (BFO) (Grenon,
2004), the three top-level categories of independent
continuant, dependent continuant and occurrent are
used in our framework.
We do not create an ontology centered on the
notion of service availability (Ferrario, 2009) but a
part of our ontology allows to follow the evolution of
a document through different activities. Therefore,
some attributes characterize specific activities and
agent roles.
Our ontologies do not have an upper level as
DOLCE (Gangemi, 2002), but a lightweight which
focus on the needs of a specific domain: disability
domain.
Disability can be considered in the framework of
non-formal ontology by G. Edwards & al (Edwards,
2014). They propose a social and embodied ontology
that “provides a theoretical framework for situating

disability in the “ground of being,” as an
encapsulation of the limitations that are essential to
the body-environment ensemble. Hence embodied
ontology moves beyond both the medical and social
models of disability _ both these models seek to reject
limitation in different ways. Within the medical
model, physical limitations are considered to be
surmountable, while the social model rejects
environmental limitations. From an embodied
perspective, both physical and environmental
limitations are essential to our humanity”.
IAO-Intel contains ontologies applied to the
explication of data models and other terminology
resources. The terms in these ontologies are linked
together. Each ontology uses terms which are defined
in terms of other ontologies (Smith, 2013). In our
framework, the ontologies are also linked and we
have also different levels as IAO-Intel.
We have chosen to consider the individual as the
foundation of the relations between the different
structures. The unity is first characterized at at the
instance level. At the type level, the concept of the
individual is a guarantee of generality. The second
foundational concept is the need which can be defined
at the two levels too. This realistic foundation for
ontology is articulated to a dynamic representation of
a domain. These positions have been defined by B.
Smith (Smith, 2010) but have never been applied on
complex domains like disability. This domain is
intrinsically built by the articulation between a
scientific knowledge, processes and services. These
considerations are evidence for the actors but they
have not been applied: knowledge organization
always stays static without any connection to the
other dimensions of the domain: the proposition of
services and the process have never been represented.
Especially, the relation between these three
dimensions has never been conceptualized. This fact
can be explained by the distinction between library,
knowledge management and service representation.

4

GENERIC MODEL

We propose a generic model to articulate three
sorts of information sources:
Scientific publications on disability. The
disability ontology is essentially relational.
(Personalized) service. This ontology
characterizes the matching of a
personalized service.
Process of attribution of a service for a
person. This ontology characterizes a
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workflow of documents implying different
actors and a decision.
As opposed to a monolithic domain ontology,
we have proposed a distributed ontology to capture
the different dimensions of a domain. This domain is
built on an activity: the rehabilitation of persons with
disabilities. This activity requires different actors and
firstly the person called individual and one objective:
the rehabilitation of this person.
The academic knowledge organization is
unsatisfying to represent a pluri-disciplinary
knowledge structure that integrates both scientific
knowledge, individual expression and the availability
of rehabilitation services in a specific location and
time.
The distribution is foundational because an
activity associates systematically embedded
situations and abstract framework. The articulation of
these different dimensions is founded on the
individual that is the object of the activity. This
individual has needs and the satisfaction of these
needs is the goal of the activity.
The process is the actors and documents
structure that allows the individual expression of the
need and the representation of its evolution in time.
We have centered this representation on the
workflow: it will be extended to the document level.
The process representation is intrinsically
dynamic and requires for the examination of the
individual situation a similarly logically knowledge
representation. We have postulated that the
construction of the knowledge domain follows the
trajectory from a health perspective to a particular
social, individual or contextual disability. This
trajectory is fundamental for the characterization of a
need and identification of the tools or services that
allow the satisfaction of this need.

work with the PROV-Ontology to manage our dual
issues described above.

4.2 Foundational model
Our three sorts of information sources are
heterogeneous but they are in solidarity.
At a high level of generality, we clearly
distinguish three sorts of entities:
Individuals
Tools or services
Artifacts.
These structuring entities are always situated in
context. Individual is a singular entity which
participates to the different ontologies, as shown in
Figure 1:
As a categorized entity, an individual is a
person with disability.
As a person with needs, he participates to
the personalized services.
- As a person that produces files and
expresses his needs for the social services,
he participates to the workflow.

Figure 1: Foundational distributed model.

4.1 Methodology
Our aim and challenge is to manage two
different levels of abstraction. On the one hand, we
try to deal with a large amount of knowledge stored
in heterogeneous documents. On the other hand, we
cope with individual information about the person’s
impairments and life. We then propose, to connect
these individual data with documented and referenced
information. The PROV-Ontology is shortly
described by the following: “It provides a set of
classes, properties, and restrictions that can be used to
represent and interchange provenance information
generated in different systems and under different
contexts.” (PROV, 2013). So, we have chosen to

4.3 Process
The committee of the rights and the autonomy of
disabled people called CDAPH in France allocates
services. But, it is in the “regional office of the
disabled people” (MDPH in France) that an
individual can find all the information and the help to
fill in the folder. The impairments and the needs
expressed in the folder are chosen respectively among
these drawn up by the thesaurus handicap (French
Thesaurus, 2012) and SERAFIN-PH nomenclature
(2016). The individual entity contains many attributes
such as the birth date, profession etc. and refers to the
different carers who can help him in the social
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context. It is the role of each of them which is
displayed in Figure 2. The OBO Relations Ontology
(Oborel, 2017) has been used to represent the
relations between the concepts. We have chosen OBO
Relations as they are meant for biological ontologies
and each relation is well defined.

5

RELATIONAL STRUCTURE

The individual is central in the three modules but
is described by categorization in the disability
ontology. Artifacts are about this individual but
represent only some relevant categories for the
decision. Lastly, the process associates a tool
considered as a service devoted to this individual
considering some of its specificities.
These three ontologies are dependent. We do not
have a mapping between different ontologies but a
knowledge distribution in conformity to action
relatively to persons with disability.

Disability is a complex domain that cannot be
reduced to disease aspects or social action. In a way
to represent the consistency of the domain, we
propose phases to characterize the trajectory from a
disease to a social action.
The ontology is a cognitive representation
characterized by a two-level structure:
At the high level, the characterization of the
person with the eventual handicap. This is
the global consistency of the handicap
domain.
At the low level, the context of the person
where the handicap is segmented into a
succession of situations where the internal
disease is evolved into successive frames.
This representation (see Figure 3) is about
individuals (or the level of reality). The publicly
accessible concretizations are recorded in thesaurii
and classifications.

59

Figure 3: Resource Disability Ontology
We now present, in the Figure 4, the ontology of
the rehabilitation process. This process allows the
characterization of the satisfaction of the need. It
integrates some characteristics of the service
ontology such as the distinction between a service
prescription and a service description. This
distinction allows the articulation between the generic
SERAFIN-PH (2016) nomenclature and the local
organizations presentation of services.

We insist on the individual participation by the
concept of “rehabilitation content” that describes the
benefit of the service.

Figure 4: Rehabilitation Process Ontology
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Figure 6: Folder Creation

We describe a need as a relation between an
identified disability, an individual expression and a
rehabilitation process (see Figure 5). Need has a dual
definition: at a type level, it is the relation between a
disability, an expression and a rehabilitation service.
By this information flow, we characterize how the
three ontologies are connected under the question of
the needs. A need is then defined both by the
disability and the individual expression.

Figure 5: Need characterization

6

WORKFLOW

The PROV Ontology (PROV, 2013) has been
used to describe the “individual folder” creation and
evolution. At the end, services are or are not attributed
to the individual who has expressed the needs.

The scenario allows to describe the provenance of
individual folders. The entities are the folder, the
selected impairments, the needs among all the
existing ones and the attributed services. Three agents
take part in the activities: an individual who describes
his needs corresponding to his impairments, a case
worker modifies the folder by adding or deleting
needs relatively to the impairments and the individual
situation. Finally, the concerned CDAPH studies the
folder and decides the services to allocate.
As you can see in Figure 6, an individual creates
his “individual folder” which contains, at the
beginning, a descriptive analysis of his impairments
and a first needs list. The composition activity
(:compose1) uses the selected impairments by the
individual1. The composed data are generated by this
activity. After which, another composition activity
generates the selected needs. Finally, the
:individualFolder1 is produced by individual1. He is
an agent, a person described by attributes: age, name,
profession and the carers that can help him.
In a second step (see Figure 7), a case worker
completes the :IndividualFolder1. :caseWorker1 is an
agent, a person, who works in an organization which
is itself an agent. The selected needs by individual1
are corrected and a new composition is created. A
new individual folder with better expression of needs
is produced; it is a revision of the previous. Note that,
in the figure, grey ellipsis are coming from the
preceding step.
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Figure 7: Folder Revision

Then, an instance of the CDAPH studies the
individualFolder2 with the data set of existing
services (see Figure 8). With all this information, the
allocated services are decided. A new “individual
folder” is created, it is a revision of
“:individualFolder2”, allocated services are added to
it by the “:CDAPH1”. This “:individualFolder3” is
not a final one. The individual can go to appeal and,
then create an “:individualFolder4” to argue for a new
analysis of his case and rights. Furthermore, from
time to time, at least each year, a case worker will
inspect the individual and may revise his individual
folder. This “:individualFolderN” will, then, be
studied again by the CDAPH. The process is gradual
and iterative.

Figure 8: Folder Update

8. CONCLUSION
We have presented a first conceptual structure
that allows the organization of a domain characterized
by a process. The further step of the project will
concern the connection to the thesaurus that indexes
the scientific documents, the characterization of the
information artifacts that compose the process and the
duality composed by the nomenclature and the
available services in time, location and actors.

The heterogeneity of the documents and the
modalities to accede to their content (information
extraction, indexation, metadata) argues to the
strategy of a distributed ontology.
Another perspective is to propose to an agent the
existing cases similar to his research. Indeed, our
framework will propose allocated services to a folder
which has a similar context and need. The
characteristics of the person do not appear, only the
carer roles, the impairments, the needs and the
allocated services. It is a help to better describe an
individual folder.
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DEVELOPING A KNOWLEDGE BASE ON CLIMATE CHANGE FOR METROPOLITAN CITIES
Eric Thivant, Eunika Mercier-Laurent, Guilaine Talens Centre de Recherche Magellan, Université Jean
Moulin Lyon 3

Abstract
Studying climate change requires taking into consideration multiple factors that influence it.
Finding and understanding the degree of importance of these factors as well as their interinfluences could provide indicators on how to apply these principles among others in growing
metropolitan cities. Public, semi-public & private actors (research laboratories, government
agencies, etc.), associations, NGOs, mobilize and participate in new discoveries in related
fields and experiment; some of them involve citizens (Smart Cities, Enoll, Triple Helix, etc.).
French Metropolitan Cities have developed their PCETs program (Territorial Climate and
Energy Plan) to meet the objectives set by the European Union for 2020 and the National
Climate Plan, set out in the Grenelle I and Grenelle II laws in France. In 2007, as part of its
Climate Energy Plan, the Lyon metropolitan area made a commitment to reduce CO2
emissions by 20% by 2020 (75% by 2050), to cut energy consumption by 20% and to consume
20% of renewable energies.
This article propose defining and initiate a knowledge base on climate change starting from
WEEE (waste electrical and electronic equipment) in large Metropolitan cities such as
Metropole of Lyon and Metropole of Montpellier. This Knowledge base will contain best (and
bad) practices, experiences, suited metrics, collaborative measures, projects, etc., using the
Knowledge Management approach exploring artificial intelligence techniques. For our
methodology we work on the state of the art for building such a knowledge base, taking into
account the works of D. Boulanger (2005), E. Mercier-Laurent (2015, 2018) or G. Kayakutlu &
E. Mercier-Laurent (2016) on that particular field, and we begin to list existing materials in order
to implement in a near future a little knowledge base, on the recycling of products, particularly
electronic products for these metropolitan cities.

Keywords
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1. Introduction
Studying climate change requires to take into consideration multiple factors that influence it.
Finding and understanding the degree of importance of these factors as well as their interinfluences could provide indicators on how to apply these principles in growing metropolitan
cities. Public, semi-public & private actors (research laboratories, government agencies,
etc.), associations, NGOs, mobilize and participate in new discoveries in related fields and
experiment; some of them involve citizens (Smart Cities, Enoll, Triple Helix, etc.).
The Metropolis of Lyon case Study:
French Metropolitan Cities have developed their PCETs program (Territorial Climate and
Energy Plan) to meet the objectives set by the European Union for 2020 and the National
Climate Plan, set out in the Grenelle I and Grenelle II laws in France. In 2007, as part of its
Climate Energy Plan, the Metropolis of Lyon made a commitment to reduce CO2 emissions by
20% by 2020 (75% by 2050), to cut energy consumption by 20% and to consume 20% of
renewable energies.
The Metropolis of Lyon has launched a "territorial climate-energy plan" (PCET), i.e. a territorial
sustainable development project, whose primary purpose is to combat climate change in 2007.
The first plan was designed for the period 2010-2020. Then Lyon Metropole has voted a new
plan in December 2019, called “Plan climate air energy territorial” (PCAET) for the period 20202030.
"The metropolis of Lyon is working with its 145 partners to take effective action throughout its
territory: the Climate and Territorial Energy Plan, which brings together local authorities,
industrial and energy producers, companies in the tertiary sector, research laboratories and
associations. »

The Lyon Metropole has 3 objectives to achieve:
- 17% renewable energy in 2030
- 43% CO2 emissions compared to 2000
- 30% &energy consumption compared to 2000

2
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This article propose defining and initiate an knowledge base on climate change and more
specifically on the WEEE (waste electrical and electronic equipment). We focus on large
Metropolitan cities such as Metropole of Lyon or Metropole of Montpellier in order to
develop such a Knowledge base. It will contain best (and bad) practices, experiences, suited
metrics, collaborative measures, projects, etc., using the Knowledge Management approach
based on artificial intelligence techniques.

2. State of Art or related works on KM & Ontology
Concerning our state of art, we first define what is an ontology and then we concentrate on
the SCO (Smart City Ontology).. Since 90s some researchers in “ingénierie des
connaissances” field want to develop new SCB system and propose to use ontology to resolve
SCB problems.
[GRUB 93:199] explains to us that “A body of formally represented knowledge is based on a
conceptualization: the objects, concepts and other entities that are presumed to exist in some
area of interest and the relationships that hold among them (Genesereth & Nilsson, 1987). A
conceptualization is an abstract, simplified view of the world that we wish to represent for some
purpose. Every knowledge base, knowledge-based system or knowledge-level agent is
committed to some conceptualization, explicity or implicitly”.
[GRUB 93:199] continue his thinking and define the concept of ontology : “An ontology is an
explicit specification of a conceptualization. The term is borrowed from philosophy, where an
ontology is a systematic account of Existence. For Knowledge-based systems, what exists is
exactly that which can be represented. When the knowledge of a domain is represented in a
declarative formalism, the set of objects, that can be represented is called the universe of
discourse. This set of objects and the formalized relationships among them, are reflected in
the representational vocabulary with which a knowledge-based program represents
knowledge. Thus we can describe the ontology of a program by defining a set of
representational terms.”
Inside the ontology, “definitions associate the names of entities in the universe of discourse
(e.g. classes, relations, functions, or other objects) with human readable text describing what
the names are meant to denote, and formal axioms that constrain the interpretation and wellformed use of these terms.”
The definition of Studer [13] based on Gruber [14] is:” An ontology is a formal, explicit
specification of a shared conceptualization”. ‘Formal’ refers to the fact that the ontology should
be machine understandable, excludes natural language. ‘Shared’ reflects the notion, an
ontology captures consensual knowledge, that is, it is not private to some individual, but
accepted by a group”.
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3. Methodology
For our methodology we work on the state of the art for building such a knowledge base, taking
into account the works of D. Boulanger (2005), E. Mercier-Laurent (2015, 2018) or DG.
Kayakutlu & E. Mercier-Laurent (2016) on that particular field, and we begin to list existing
materials in order to implement in a near future a little knowledge base, on the recycling of
products, particularly electronic products for these metropolitan cities.
For example, [MER 11] has developed the concept of ontology of innovation… innovation has

Figure 1: Ontology of Innovation [MER 11]

In order to build our ontology, we can use the following set of 5 criteria proposed by Gruber
[15] : Clarity,
Coherence, Extendibility, minimal encoding bias, Minimal ontological
commitment. Clarity means that “. Coherence means “An ontology should effectively
communicate the intended meaning of defined terms. Definitions should be objective.”; For
Coherence: “An ontology should be coherent: that is, it should sanction inferences that are
consistent with the definitions. At the least, the defining axioms should be logically consistent”.;
Extendibility: “An ontology should be designed to anticipate the uses of the shared vocabulary.
It should offer a conceptual foundation for a range of anticipated tasks, and the representation
should be crafted so that one can extend and specialize the ontology monotonically”. Minimal
encoging bias “The conceptualization should be specified at the knowledge level without
depending on a particular symbol-level encoding. An encoding bias results when a
representation choice are made purely for the convenience of notation or implementation.”;
Minimal ontological commitment: “An ontology should require the minimal ontological
commitment sufficient to support the intended knowledge sharing activities. An ontology
should make as few claims as possible about the world being modeled, allowing the parties
committed to the ontology freedom to specialize and instantiate the ontology as needed”.
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4. Presentation of the SCO (smart city Ontology)
Nicos Komninos*, Charalampos Bratsas, Christina Kakderi and Panagiotis Tsarchopoulos
(2015) have developed a Smart City Ontology. This Ontology is specifically built for Smart
Cities, because there are a lot of ontologies existing already and they want to propose a new
on more clear… The authors have reviewed the existing ontologies for cities such as SOFIA,
NOW, SCRIBE, etc. and then they define the buildings blocks of this ontology with respect to
the most cited definitions of smart cities and structuring this ontology with the Protégé 5.0
editor, defining entities, class hierarchy and object properties and data type properties. review
also the building blocks of smart or intelligent cities, which allows to define the class and
properties of the SCO.
According to the authors: “ The first version (v01) contains 10 superclasses, 708 entities, 422
classes, 62 object properties, 190 data properties, and 27 individ-uals from the software
application class. Additionally, widely adopted extra ontologies are used, enriching the SCO,
such as the Simple Knowledge Organization System (SKOS), a W3C recommendation
designed for representation of thesauri, classification schemes, taxonomies, subject-heading
systems, or any other type of structured controlled vocabulary[21].” You can see below in the
graph the structure of the first level of the ontology.

Figure 2: An new view of the Smart City Ontology of Professor Nicos Komninos & al. (2020)

In [GYRAR 2018], smart city ontologies are presented and compared in order to be applied to
IoT ontologies. The set of criteria are mainly focused on the reusability of the ontologies. The
goal is to define a methodology to enrich smart city catalogs with the new ontologies found.
It’s implemented within the LOV4IoT ontology catalog. The aim of this catalog is to help
developers in reusing existing smart city and IoT ontologies to build future applications.
ONTOLOGIES FOR CLIMATE CHANGE
[Pilegi and Lamia 2020] build an ontology to describe the climate change story from multiple
perspectives, including scientific, social, political and technological ones.
In this article, several ontologies for climate are cited, ontologies to measure the impact of a
changing climate on food and waterborne diseases, the impacts of agriculture on water
resources, … but there is none ontology to capture the recycling of products.
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5. Proposal of adding recycling in the SCO
5.1. Eco-design a key element for innovation
[Evbuomwan et al., 1996] defined the eco-design like “the process of establishing requirements
based on human needs, transforming them into performance specification and functions, which are
then mapped and converted (subject to constraints) into design solutions (using creativity, scientific
principles and technical knowledge) that can be economically manufactured and produced”.
[Lindhqvist, 1990] proposes the Extended Producer Responsibility (EPR) concept and change the
classical view of PPP (the polluter pay for the pollution, from the consumer to the economic agent
who produce the goods). According to the Organisation for Economic Co-operation and Development
(OECD), EPR is “an environmental policy approach in which a producer’s responsibility for a product is
extended to the post-consumer stage of a product’s life cycle”. (Report of Development of Guidance
on Extended Producer Responsibility (EPR), European Commission –DG Environment, 2014).
“The economic reasoning behind the EPR concept is to have producers internalise treatment and
disposal cost so that they have an incentive to design products that last longer and are more
easily treated after use”.
Definitions of the EPR System (Development of Guidance on Extended Producer Responsibility)
EPR system or EPR scheme: Any system set up by one or several producers to implement the EPR
principle. It can be an individual system (or individual compliance scheme) when a producer
organises its own system, or a collective system (collective compliance scheme) when several
producers decide to collaborate and thus transfer their responsibility to a specific organisation (a PRO).
Producer Responsibility Organisation or PRO: Entity set up in collective EPR schemes to implement
the EPR principle in the name of all the adhering companies.
Fees: Tariff paid by a producer to have its products dealt with through a PRO.
According to the WEEE Directive (2012/19/EU), there are 7 Categories of EEE :
1. Large household appliances
2. Small household appliances
3. IT and telecommunications equipment
4. Consumer equipment and photovoltaic panels
5. Lighting equipment
6. Electrical and electronic tools (with the exception of large-scale stationary industrial tools)
7. Toys, leisure and sports equipment
For each categories of EEE, we should develop our own view on WEEE.
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5.2 Ecosystem of the recycling circuit
Natalia Alonso Movilla presents us the physical and financial flows of the WEEE industry below.

Figure 3: Physical flows of WEEE Industry, from Mérot (2014) and modified by Natalia Alonso Movilla

Figure 4: Financial Flows of WEEE Indutry, from Mérot (2014) modified by Natalia Alonso Movilla’s thesis

Figure 5: process of dismantling from Natalia Alonso Movilla’s thesis

7
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We propose to add the recycling theme to this SCO ontology, with the following classes &
proprieties from the WEEE domain, It takes different types of organizations, of products and
ways of managing Electronics waste.

6. Conclusion
Our proposal for a new ontology of this domain, with different classes and proprieties is not yet finish.
We need to continue our work with a case-based analysis & application in order to explain better our
classes and the relationships between them.

8
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Abstract
Measurement of structure deformation is one of the
two most important elements in assessing the current operating condition of a hydro-technical facility, which is especially important when the object is
under constant expansion. This is the case of
KGHM’s Zelazny Most tailing dam which is the
largest tailings storage facility (TSF) in Europe. The
considerable size of the facility entails a very complex monitoring system consisting of numerous inclinometers, piezometers, seismic stations, geodetic
benchmarks, etc. Interpretation of data from such an
extensive system requires a certain degree of automation. It is not possible to perform a real-time complete data analysis through human resources, despite
several teams responsible for supervision and
maintenance of the TSF. The detection of anomalous events is one of the objective of the monitoring
process. This problem concerns, among others, the
readings of the inclinometers responsible for the
measurement of surface displacements, necessary in
the assessment of tailing dam stability. In the article,
a simple method of inclinometer sample clustering
using machine-learning techniques has been presented, which significantly simplifies the process of
attention requiring areas identification. The algorithm's efficiency was tested on many years of data
samples from various measurement points. The developed method will be used to build supervised
learning-based classifiers in TSF stability decisionmaking.

1

Introduction

Tailings Storage Facility (TSF) is one of the largest geotechnical facilities made up of earth embankments built for the

purposes of storing uneconomical ore and water from the
mining process. An example of a large-scale embankment
dam is the Syncrude Mildred Lake Tailings Dyke in Alberta
(Canada), the length of which is about 18 km and the height
varies from 40 to 88 m. It is the largest earth structure in the
world by volume of fill. Historic structural damage often resulted in serious catastrophes with large financial losses and
a serious threat to the local community and environment.
Therefore, facilities of this type are expected to maintain the
highest possible safety indicators and the lowest possible environmental impact. For this reason, these facilities develop
advanced monitoring systems covering a wide range of sensors in the field of geotechnical network, hydrological network, geodetic survey network, and seismic network. Additionally, weather conditions are monitored on an ongoing basis, visual inspections in the field are performed, and satellite
data are analyzed. Tracking TSF activity parameters is laborious and time-consuming. Existing measurement networks
generate huge amounts of data, which are usually analyzed
by several teams of employees. Unfortunately, a complete
analysis of the collected data is not possible using human resources. To meet the current expectations of the TSF area, an
international consortium was formed and the Illumineation
project was launched [www.illumineation-h2020.eu]. One of
the goals of the Illumineation project is to develop an Internet
of Things platform for monitoring the TSF structures and Big
Data analytics using machine learning (ML) methods to support engineers in data analysis. The project assumed the development of a sensor network with low-cost sensors and advanced algorithms to improve the efficiency of data processing, track TSF stability parameters, detect and diagnose
potential anomalies and identify potential threats, including
estimating the impact of TSF on the environment and the local community. Finally, developed technology will be able to
"self-learn" and anticipate potential threats and their potential
consequences in advance.
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One of the critical tasks is the analysis of displacement data
for estimating the deformation of inclinometer pipe. The inclinometers are used for monitoring horizontal displacements
by means of a probe passing along the pipe. The probe contains gravity sensor that allows to measure inclination with
respect to the vertical. The pipe is usually installed in a borehole or in fill. The typical applications of the inclinometers
include: determining of shear zones in the ground, monitoring the extent and rate of horizontal displacement, monitoring
of deflection of bulkheads, piles, or retaining walls. The Figure 1 shows a typical inclinometer body. After the installation
the probe is lowered to the bottom the readings are made as
the probe is raised incrementally to the top of the pipe,
providing data for determination of initial pipe alignment.
The difference between initial and subsequent readings allows calculation of absolute horizontal deformation at any
point along the inclinometer pipe.

noise separation technique [Ye, 2018] or a feature classification method [Ahrens, et al. 2019].
The article presents a method of detection of anomalies in the
inclinometer readings for the needs of TSF stability monitoring. At the beginning, the characteristics of the investigated
object based on the example of Zelazny Most TSF were presented. Then, the measurement network and the description
of the basic procedures related to the supervision and maintenance of the facility were described. Next, the input data was
presented together with a short statistical description. In the
next step, the authors described the methodology with particular emphasis on the DBScan algorithm used directly for the
anomaly detection task. Finally, the article ended with a summary, which presents the further direction of the algorithm
development assumed in the Illumineation project.

2

Figure 1 Inclinometer body.

The TSF structures causes the large increase of stress in the
ground and it may result in the formation of shear zones. The
shear zones are the areas where the shear strength of the
ground material is lower than usual. It is crucial for stability
analyses to detect them by the inclinometers.
From an analytical point of view, this problem comes down
to the task of anomaly detection. The problem of detecting
anomalies in signals is very well recognized in the literature
in many areas. It is especially popular in the task of tracking
airport security, detecting fraud (e.g. banking) or cyber-attacks, and technical diagnostics of machines and processes.
The greatest challenge is to obtain a very high accuracy of
anomaly detection (the lowest possible level of false alarms).
Depending on the case, the effectiveness of the detection
method may depend on the informativeness of the input signals [Sawicki, et al. 2015], the extraction of the robust and
effective feature [Ye, 2008, Wodecki, et al. 2018], the signal-

Description of the research object and
problem

In the Illumineation project, the main object of research as a
test site for developed technology is the Zelazny Most TSF
(ZM TSF), the largest reservoir of post-flotation tailings in
Europe. Zelazny Most storages waste from mining activities
of all KGHM underground copper ore mines located in SW
Poland. It is a huge hydrotechnical structure, which covers an
area of almost 1,600 ha, and its circumference exceeds 14 km.
The height of the dams above the original ground level ranges
from 35 m in the southern part to 70 m in the eastern part.
The total amount of tailings from the mines in Lubin, Rudna,
and Polkowice stored each year at the disposal reaches approximately 30 million tons. The complex monitoring equipment of the reservoir measures all aspects, from geodetic
monitoring or water level measurements in piezometers to
seismic stations. There are over 40,000 measurement points
in Zelazny Most within the developed monitoring network: a
geotechnical network, a hydrological network, a geodetic
network, and a network of seismic sensors. n total, the network consists of around 2,900 measuring devices and sensors. Field studies, sampling for laboratory tests, and geophysical research are carried out here in cooperation with
many national and global research centers [Stefanek, et al.
2017].

Zelazny Most TSF
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Figure 2 Zelazny Most Tailings Storage Facility located in SW Poland [Stefanek, et al. 2017].

The ZM TSF is located in a complex geological environment.
From the ground surface downwards, the foundation soils
consist of Pleistocene deposits, including silty lake clays and
out-wash sands, rare sandy gravel inclusions and silty sands.
These are underlain by thick layers of freshwater, mediumto high-plasticity Pliocene clays, which incorporate thin,
brown coal and sand strata. The Pliocene deposits overlie Triassic strata, which include beds of halite, below which the
copper ore body is encountered [Jamiolkowski, 2014]. The
Pliocene deposits contain high-plasticity slikensided clay
with very low shear strength. The shear zones occurs mostly
in that layers. Theses shear zones are taken into account in
stability analyses by modelling the weakened zones with
lower shear strength. Hence it is crucial to detect the shear
zone in order to obtain accurate Factor of Safety. Unfortunately the detection of shear zones is not an easy task. The
geotechnical engineer must analyze many factors i.e. inclinometer data, ground conditions, groundwater conditions,
etc. Therefore to analyze the inclinometer data more thoroughly there is a need of an algorithm that can learn from the
engineers their expertise.

3

Analysis of the inclinometer changes

3.1 Data description
The data includes measurement values for the displacement
of the inclinometer from the original state. Measurements
were taken up to twice a year from the beginning of the establishment. For each inclinometer, the displacement is
measured every 0.5 m of the rod. The displacement is measured in millimeters and its position in the ground is given in
meters above sea level. Exemplary data are presented in Figure 3. The problem of shear zones discussed in the article,
visible at 50 m above sea level, is also presented. The problem became visible from the measurement on day
02/10/2010.

Figure 3 Value of displacement on the inclinometer over time.

Inclinometers differ in length, location level, and place of implementation as can be seen in Figure 4. The influence of the
substrate on which the inclinometer is located, not considered
in this paper. Currently, the surface in which the inclinometer
is located is treated as a homogeneous body. It may have a
significant impact on the size of the occurred shearing. The
factor may be a great addition in the later development of the
algorithm.
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Figure 5 Histograms of the values of the last measurement for the 3
selected inclinometers.

3.2 Shear zones detection
The shear zones are characterized by a quick shift in relation
to the previous placement, which deepens over time. The remaining segments of the inclinometer change only slightly.

Figure 4 Elevation's boxplots for each inclinometer.

Shear zones are characterized by a sudden jump to the next
level of the inclinometer value. This relationship is clearly
visible in the histogram. Figure 5 shows the histograms for
the values from the last measurement for 3 inclinometers. It
can be seen that they are multi-modal. Local maximums can
correspond to the value levels between the shear zones. This
shows that it is possible to group values according to the
adopted level. Additionally, it indicates that density clustering should be a good choice.

To find the elevations on which shear zones occurred, tools
that emphasize rapid changes in the data were used. For all
samples of each inclinometer owned, the values of the sliding
standard deviation, the difference between successive values,
and the value of the derivative were calculated.
As can be seen in Figure 6, the shear areas are visible in all
statics. They show jumps at the time of the shear. It is easiest
to detect on the last measurement. Statistics behave similarly
and show the same trend, so you only need to use one. In the
next step, only the one that gave the best results was used.
Besides the usual statistical methods, clustering and classification algorithms are commonly used for these problems.
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the previously proposed methods. Moreover, DBSCAN
meets all the assumptions set in this paper.
The DBScan method allows to divide the samples into groups
without prior declaration of the number of clusters. The number of groups is selected by the algorithm. The algorithm
groups together points that are close to each other based on a
distance measurement (usually Euclidean distance) and have
a specified minimum number of points. At the same time, the
method indicates points that could not be classified into any
of the groups, such values can be understood as outliers - an
anomaly occurring in the data, which is exactly what is
needed to be highlighted to solve the problem.

Figure 6 Statistics values for inclinometer displacement at different
elevation levels.

4

Methodology and DBScan algorithm

The shear zones can be treated as anomalies in the data, an
unexpected pattern that does not match the general behavior
of the data. The simplest solution would be to use a threshold
or ranges beyond which the data is treated as shear zone.
However, with the current assumptions, the differences between the sizes of shear zone are so different that it is difficult
to determine such ranges. Besides the usual statistical methods, clustering and classification algorithms are commonly
used for these problems. The main idea behind using these
methods to detect anomalies is to teach an algorithm to detect
normally behaving data and then use that information to pinpoint points that do not meet these assumptions. The advantages of the algorithm over statistical methods are that in
addition to detecting points outside certain thresholds (extreme values), it also detects those that do not occur frequently [Çelik et al., 2011]. In this case, due to the lack of
training sets and the final number of clusters, some of the
methods like the k-means algorithm cannot be used.
In [Eskin et al., 2002] clustering algorithms such as fixedwidth clustering algorithm, optimized k-nearest neighbor algorithm or one-class support vector machine algorithm has
been proposed to the problem of anomaly detection. However
in [Thang et al., 2011] is shown the application of the
DBScan algorithm, which gives better results in relation to

The DBScan algorithm takes two initial parameters:
 ε - if the considered point is at ε distance from another point, the algorithm will distinguish these two
points as neighbors. Otherwise, the point is considered an outlier.
 minPoints - the minimum number of points in the
vicinity of the particular point that allows the area
to be considered as dense.
The DBScan checks the surrounding of each point in the sample, and labels them as a:
a) Core point if it meets the condition of the minimal
number of points in its vicinity. These points form
separate clusters.
b) Border Point - this is a point that does not meet the
density condition, however, there is a core point in
its vicinity. It is part of the cluster and constitutes
its border.
c) Outlier - it is not in the position of the principal
point and also does not satisfy the density condition
itself.
Points parameterized by DBScan can create three different
links between each other. Points are directly density-reachable when at least one of them is a core point and these two
are within ε distance from each other. Points are density
reachable when there is a core point that both points are directly density-reachable with. Density-connected points can
be located on the opposite sides of the cluster, as long as there
is a point density reachable with them.
Given the above definitions, the DBScan algorithm can be
described in the following steps:
1. select a random point P from the sample.
2. find all directly density reachable points from P.
3.
a. if P is a core point, then form a cluster and
then find all the density-connected and
density-reachable points;
b. if P is a border point and there are no density-reachable points, or P is an outlier:
look for a new, unvisited point, otherwise
end the algorithm.
4. Repeat steps 1-3 until all the points are visited.
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5

Application to industrial data

In this paper, it was important to find such anomalous values
that will indicate a sudden jump in the signal – a shear zone.
The algorithm should divide into groups the places where the
distortion levels are within the norm and indicate between
them moments of shear, which are anomalies not classified
into any of the groups.
The following 3 feature vectors were used for clustering:
 elevation values,
 distortion values for the last (newest) sample,
 vector of distortion derivatives at each point (gradient) - it
will mainly point to an anomaly (sudden jumps occur then).
It was applied to those inclinometers for which occurrence of
shear zones was certain. The results of clustering for 3 inclinometers are presented in Figure 7Błąd! Nie można odnaleźć źródła odwołania..

languages and statistical software. It uses only inclinometers
data which once again significantly extends a potential area
of application much beyond only the biggest facilities with
an extensive monitoring system.
The main purpose of the algorithm is to support the geoengineer responsible for the assessment of the tailing dam stability in the area of anomaly readings detection. In the next step,
the algorithm will be used to build the training sample under
the supervision of a domain expert. This, in turn, will be used
to build tools to support decision making and forecasting
based on the fusion of data from various sources and Big Data
analytics.
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Abstract
Currently, advanced data analytics in large multi-site industrial enterprises is a strategic element in making management decisions. Integrated supply chain management
(SCM), machinery park management or data analysis
from industrial devices (including using Industrial Internet of Things - IIoT) requires the organization of an appropriate analytical platform architecture, the selection
of the analytical tools for Big Data, the implementation
of advanced algorithms based on machine learning and
the development of management dashboards for ongoing
tracking the KPI’s of assets. This article presents the issues related to the acquisition, analysis and management
of large amounts of data from different departments of
the enterprise. These data come from various systems
and they are in different data recording standards. They
are important because they form the basis of advanced
data analysis in supply chain management in multi-site
enterprises. This article discusses the proposal of an analytical platform for SCM and the development of analytical processing for SCM in the multi-site industrial enterprise.

1 Introduction
In the case of a multi-site industrial enterprise, the development of analytical systems to support decision-making
should be oriented to the specific needs, limitations and possibilities of individual business areas. The development of analytics is very often not a question of technology, but the correct use of large data sets to improve the safety and efficiency
of technological processes. Data and analyzes not referring to
factors influencing these aspects do not bring added value.
The first decade of the 21st century saw the emergence of
software for intelligent data analysis and predictive analysis
[Frazzon et al., 2019; Waller and Fawcett, 2013b], which
contributed to a better under-standing and use of data, thus
improving decision-making and decision optimization by
businesses [Trkman et al., 2015]. In the era of global challenges, enterprises, especially large, multi-site, and production companies, have to take up the challenges they face in

connection with the need for advanced data analysis. Therefore, the definition of strong hypotheses of the potential impact of advanced data analysis analytics on the technological
process is crucial, so that already in the early stage of development, it is clearly focused on the increased process context
awareness, support for managers in decision making and
business benefits. Hence, it is essential, first of all, to identify
and select key data sources, to reject irrelevant data, and to
plan data analysis process to acquisition important information.
One of the key business areas is logistics responsible for
managing the supply chain in all production plants of the
company. Supply Chain Management (SCM) is the integration of key business processes from end user through original
suppliers that provides products, services, and information
that add value for customers and other stakeholders [Lambert
and Cooper, 2000]. The primary purpose of supply chain
analysis is to facilitate the understanding of all data produced
by different elements of the supply chain [Wong et al., 2011].
These analyses result from the management's needs for making the right decisions [Lai et al., 2018], and make it possible
to extract certain hidden patterns from the data as well as acquire valuable insights. The subject of supply chain analysis
is constantly developing, with new technologies and methods
coming into being to increase the effectiveness of forecasts,
help detect inefficient areas, better respond to customer
needs, and simulate and implement innovative solutions
[Chen et al., 2015; Shafiq and Savino, 2019]. Having complete product information (ready capital-intensive goods,
spare parts, consumables, etc.) is a key issue of advanced data
analysis within an integrated supply chain [Vilminko-Heikkinen and Pekkola, 2017]. The use of advanced data analysis
in SCM is a very current issue. Research in this area in 2010
(this issue is discussed in more detail in: [Maheshwari et al.,
2020; Tiwari et al., 2018]). In the literature, the problem of
analytics development for SCM is cited marginalized. Much
information is provided in a perfunctory form, largely due to
a data sensitivity problem.
Logistics is closely related to most other business areas,
especially manufacturing, finance and purchasing. What is
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Fig.1. Processes, People, IT Tools. Source: Own work.
really important here is to ensure the flow of valuable information between all areas. This requires designing an appropriate IT infrastructure in the enterprise, including both Big
Data tools and the use of analytical systems containing advanced methods and machine learning algorithms. In the papers [Dudycz et al., 2019; Pyda et al., 2019; Pyda et al.,
2020], the authors presented the challenges related to the development of IT infrastructure for a multi-site industrial enterprise. A special issue is the limitations related to the variety of systems, the diversity of standards for data acquisition
and storage, and the quality and availability of them for the
appropriate kind of end users.
The article presents the main issues related to advanced
data analysis as a key element in supply chain management
in a multi-site industrial enterprise. This article is structured
as follows. Firstly, the basic problems and challenges of Supply Chain Management 4.0 is presented. Next, the proposal
of analytical platform and data model for SCM is described.
Then, the analytics development model for SCM in a multisite industrial enterprise is presented. The paper ends with
a summary.

2

Supply Chain Management 4.0 - basic
problems and challenges

In [Schoenherr and Speier‐Pero, 2015] a results of an online
survey regarding the barriers to the SCM predictive analytics
have been presented an supported by an statistical analysis.

Results shows, that most important barriers in the implementation of SCM tools are:
 Employees are inexperienced (need to train);
 Time constraints;
 Lack of integration with current systems;
 Cost of currently available solutions;
 Change management issues (resistance to
 change);
 Lack of appropriate solutions for SCM;
 Overwhelming, difficult to manage.
Lambert and Cooper [2000] pointed out that the key role
in the context of a successful SCM implementation is played
by key people in the organization (with the division of responsibility for basic processes and auxiliary processes), the
network of related processes and the degree of their integration. According to the authors, the ineffectiveness of the supply chain is largely influenced by the lack of coherence of
activities between individual departments of the organization.
Thompson and Drucker argue that one of the most important issues is seeking or anticipating company changes,
accepting them and responding to them in order to explore
the possibilities of mitigating the effects of uncertainty
[Thompson 1967, Drucker 1968].
According to [Azvine et al. 2007], the prosperity and further activities of an organization depend on how well it understands and interacts with the changing environment. The
agile activity of the enterprise allows to predict and estimate
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the nature and size of the change and to react to it accordingly.
Researchers and practitioners indicate that performance in
conjunction with global goals throughout the supply chain
depends to a large extent on close cooperation and coordination between actors in the supply chain, which in turn facilitates important decisions and formulating effective supply
chain strategies [Dong et al., 2009; Cheng et al., 2010; Power,
2005; Van and Vander, 2005; Stevenson, 2009] concludes
that SCM is a strategic coordination between members of the
supply chain in order to integrate supply and demand management which translates into the essence of integrating internal and external systems.
Determining business requirements and customer expectations in the context of obtaining, integrating and analyzing
data, and making joint and coherent decisions within the supply chain are the main challenges in the context of applying
analytics for the supply chain [Sahay and Ranjan, 2008].
Successful implementation of an analytical platform for processing large amounts of data for supply chain management
largely depends on the support of the management board as
part of the company's strategic tasks and appropriate management competences [Dong et al., 2009].
The implementation of individual business processes as
part of an integrated supply chain 4.0 depends on three key
elements that an enterprise must have (Fig. 1):
 Identified and well-described processes taking place
inside the enterprise along with the identification of
the needs for the implementation of new processes;



Qualified employees who have knowledge of the
ongoing business processes and have the skills to
use dedicated software. Management staff with the
skills to identify gaps in business processes and design new ones, responding to new business needs
(ideas);
 IT tools for managing the entire supply chain, appropriately selected at the stage of analysis and feasibility study of given business processes.
A very common mistake made by organizations is trying
to solve a given business problem by purchasing IT systems
first and then trying to adapt them to the existing and future
business processes. Such an approach very often ends with
the failure of the entire project - lack of experience in handling a given software, high costs of external companies adjusting the system to support existing and new processes, or
even poorly selected software that does not meet expectations.
Fulfilling the requirements in each of these three areas
seems quite trivial, but in practice it is difficult to implement.
The area of processes very often requires the introduction of
appropriate organizational changes and changes in the handling of business processes. The area related to employees
requires an appropriate selection of staff to carry out specific
tasks, introduce dedicated training or start the process of retraining employees. The area of selecting the appropriate IT
tools in large multi-plant industrial enterprises may turn out
to be the most difficult. Identification of systems and data
needed to support a given business process, building data
flow and their integration, or building dedicated data models

Fig.2. An example of analytical platform. Source: [Pyda et al., 2020]
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without experienced employees may turn out to be very difficult to implement. The success of this task may largely depend on the maturity of a given enterprise and on whether and
to what extent it uses methodologies such as TOGAF in the
field of managing IT architecture of the enterprise or DAMADMBOK Guide [Dama International, https://dama.org /] –
a guide containing a collection of processes in individual thematic areas (specializations) related to data management in
the form of good practices.

3 The proposal of Analytical Platform for SCM
Effective supply chain management without a dedicated
analytical platform is impossible in current times. To make it
possible, mangers should have quick access to basic data of
the company's processes as well as tools and analyzes that
will allow them to predict future events.
With the increase in the number of business processes inside and outside the organization that must be subjected to,
the employee has the amount and size of data. Data must be
obtained, cleaned and integrated. Finding a single source for

Literature studies show that many industrial enterprises
have problems with adapting their IT infrastructure and implementing appropriate tools for advanced data analysis
[Dudycz et al., 2019].
The target architecture of the analytical platform may take
various forms depending on the given enterprise. It depends
on the existing IT solutions, purchased cloud services and target expectations. There are many commercial cloud solutions
on the market, such as Microsoft Azure, IBM Cloud, Amazon
Web Services (AWS) - Cloud Computing Services, Oracle
Cloud, Google Cloud Platform or Open Source solutions. The
target platform may be entirely based on on-premises solutions or to some extent be a hybrid in combination with cloud
solutions from one or more vendors. As mentioned in the previous point, first of all, it is important to identify business
needs along with the described processes of their implementation and mapping these needs to specific IT tools. In this
point we will discuss the general architecture of the analytical
platform presented in Fig. 2. This model has many advantages, such as the possibility of using open-source software, which may prove very important in the case of small

Fig.3. Three main groups of analytical platform tools. Source: own work.
the production of analytical and predictive models, reports
and KPIs [Govindan et al., 2018]. The implementation of the
above-mentioned tasks is introduced with the design of the
infrastructure, the implementation of IT infrastructure, as
well as the introduction of organizational changes.

companies developing their activities or larger ones who
want to see the rightness of implementation of a specific solution. It also has no barriers to scalability and further expansion using tools from different vendors. Its heart is a data
warehouse, which can also be open-source software.
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The analytical platform is a combination of ICT infrastructure with a set of IT systems and tools that enable the acquisition, storage, processing, management, presentation and
sharing of data. The platform should be designed in such
a way that it is scalable, easy to expand, maintain and configure. It should provide the possibility of modular construction
from components that will not lead to dependence on a single
supplier (so-called Vendor lock-in). This issue was widely
described in [Woo et al., 2018].
An analytical platform is a set of interconnected IT systems and tools between which data is transferred. We can distinguish three groups of tools that can create a platform
(Fig. 3).
The first includes basic software for storing, processing
and acquiring data:
 Data warehouse - a key element of the platform,
where temporary data obtained from sources,
business data and thematic warehouses (Data
marts) are stored;
 Databases - used for auxiliary purposes;
 Big Data platform for storing and processing nonstandardized data based on computer clusters
(e.g. Apache Hadoop);
 ETL (Extract Transform Load) tools for creating
data acquisition, transformation and loading processes.
The second group includes supporting tools:
 Data management tools;
 Data quality and consistency tools;



Tools for data model development, documentation, and data dictionary development, often referred to as metadata management tools;
 Tools ensuring data security (authorization systems, logging and auditing);
 Tools for the operational management of master
data as the only source of master data concerning,
inter alia, consolidation of customer and product
data using multiple domain systems;
 Tools supporting the use of algorithms and methods of machine learning and artificial intelligence.
The third group includes tools supporting business processes:
• Tools for creating logical data models by users,
the so-called Self-service BI;
• Data reporting and presentation tools;
• Statistical tools, development of analytical or predictive models;
• Planning, budgeting and controlling tools;
• Other dedicated tools tailored to the specific
needs of the company.
Depending on the specific business requirements, the platform may consist of any combination of the above-mentioned
components. In the development phase, it usually includes
tools belonging to the first group. With the growth and complexity of data processing, tools from the second group can be
incorporated. Additional applications from the third group
can be added to meet new business needs.

Fig.4. An example of data model. Source: own work.
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As already mentioned in chapter two, when creating an analytical platform supporting decision-making in an enterprise, access to qualified employees fulfilling appropriate
business roles and using particular tools should be provided.
Getting started with the analytical platform begins with
identifying the source data that must go through a long process including the stage of acquisition, cleaning, transformation, integration and finally data storage in the data warehouse. Fig. 2 shows a model of data integration from different
source systems. In many cases, the main source of data are
ERP systems and domain systems, e.g. contract management
system, project management system, etc. In the case of obtaining data from industrial devices and systems, we deal
with various types of files (CSV, XML, TXT), especially in
the case of old systems as the only way to export data. The
new ones provide a dedicated API (Application Programming Interface) through which, for example, we can obtain
data via a data bus.
The analytical platform can also be powered by a corporate
service bus that gets data from both the company's internal
systems and third-party systems (websites and cloud services). When dealing with very large volumes of data, especially unstructured data, the data source is often a Big Data
system. Data stored in business data models, the so-called
Data marts, aggregated data or calculated key performance
indicators can be used by external applications dedicated to
handling specific business processes (statistical tools, tools
for building analytical models, planning and budgeting tools,
machine learning, artificial intelligence, etc.). The results of
work with these applications can be a source of data for the
platform, adding value as an enrichment of the data business
model. Details on the data model are presented in next chapter.

4

Data model for SCM

The data model is the basis of the analytical platform. It is
created by analysts and programmers using the tools from the
first group mentioned in the previous chapter. The life of the
data model begins with the implementation of the first business process on the platform. It begins by creating physical
data structures in the warehouse in the form of tables linked
by relationships. Relationships usually reflect the realities of
a given business area. In addition to tables with data from
domain systems, dictionary tables, auxiliary tables for data
processing or tables storing aggregated data are also created.
The logical data set is classified under a thematic data warehouse. When handling another business process, we save the
corresponding data in the existing thematic warehouse or create a new one if the given process fits in a different thematic
area. And so, for example, data related to the service of business processes in the area of project management will be
saved in the thematic data warehouse under the name "Project
Management", and data from the area of purchases in the thematic data warehouse under the name "Purchasing Proceedings". An exemplary data model is presented in Fig. 4. As the
supported business processes increase, our data model is extended with new thematic warehouses or the existing ones.
Additionally, thematic data warehouses may contain tables

with economic and financial indicators, calculated on the basis of implemented algorithms. They can also be fed with the
results of calculations made with external tools. Depending
on the needs, the data model can be extended with data from
another business area or connected by a relationship with another business model. Ultimately, enterprises strive to build
such a model to cover the entire supply chain and its subprocesses.
With a wide set of consistent data located in one place, an
integrated supply chain analyst can create any combination
of relationships and data processing (the so-called logical
data model) providing information for a specific business
area.
The main expectation of the platform is to ensure quick and
easy access to up-to-date, consistent, standardized and reliable data for re-processing or presentation using reports or
dashboards.
The next chapter presents the use cases of various tools
based on specific data models.

5

Analytics development model for SCM in
a multi-site industrial enterprise

The development of analytics to support the management of
the supply chain requires clarifying the current needs of potential users. From the point of view of large multi-site industrial enterprise, we can distinguish:
 development of a tool for planning material needs
and services (application, control tools),
 development of tools to support the planning of selected materials based on automatic procedures
based on production indicators and usage standards,
 development of the SCM platform in the field of aggregate management of orders, their implementation
and rationalization of warehouse management,
 creation of a platform for the exchange of information on material inventories (their age, determination of the degree of usefulness, possibility of further distribution),
 development of controlling tools for managing costs
by type in real time (budget of the company, departments, cost execution, trend research),
 others.
The following sections present the basic issues related to the
development of analytics for SCM on the example of multisite industrial enterprise.

5.1 Development of data pre-processing tools
As presented earlier, the main problem of the development of
analytics in a multi-site industrial enterprise is the issue of
various standards in the field of data acquisition and storage.
There are inconsistent names of materials between plants, especially in the field of consumables. Records of repairs, replacement of sub-assemblies or wear of consumable parts are
very often kept in flat files or systems in the form of unstructured data. Jargon, mental shortcuts, and spelling mistakes are
common. One entry may refer to several components, which
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significantly complicates the problem of cost settlement, including the calculation of the unit cost of manufacturing
a unit of the output product. The total cost for all activities in
the entry is given, including materials, own labor and the cost
of service companies. All this limits the development of analytics, teaching analytical models and automation of calculations. First of all, the material indexes should be unified so as
to create a one nomenclature standard applicable in all plants.
In the next step, it is necessary to provide tools that ensure
access to key information on the current and historical usage
of materials and refer this information with asset and infrastructure monitoring systems. The key challenge is the development of validation tools for the correct synchronization of
various data sources. One of them is development and adjusting Text Mining tools to the enterprise ecosystem in order to
standardize the forms of entries, distinguish them on individual entries according to the categorization of maintenance
and repair activities and the estimation of the cost of materials.

5.2 Development of data mining tools
At this stage, it is possible to conduct an exploratory analysis
on historical data. In this regard, tools for long-term data
analysis should be provided in order to recognize how the usage of materials and stocks have changed between plants over
time. Successful tracking of the variability of usage, wear and
distribution of material costs in individual plants requires the
development of statistical analysis methods and machine
learning for pattern recognition. It is particularly important
that the tool identifies seasonality and trends in data as well
as unique regularities occurring in individual departments/plants with the possibility of flexibly setting contexts
and conditions. The development of anomalous behavior detection procedures is also crucial. Thanks to this, it will be
possible to answer the basic questions from the point of view
of decision making and planning:
 what components and materials and on what scale
are used in individual plants?
 how much did individual plants pay for the same
part and from what supplier?
 where are the individual materials consumed most
often and what are the contexts?
 which warehouses/material stocks are properly
managed?

5.3 Application of a predictive maintenance policy
in the enterprise
Another important aspect is the access to information and the
current technical condition of the machine park with the estimation of residual life time for individual machines and their
critical components. Currently, there is a global tendency to
develop dedicated Industrial Internet of Things (IIoT) platforms with the use of low-cost sensors for monitoring the operational parameters of assets. In most cases, calculations are
performed in real time in the computing cloud. In terms of
analytics, it is necessary to develop methods of fault detection
in the early stages of development and KPIs. In the literature,

the topic of predictive maintenance, especially technical diagnostics, is very well developed. The effectiveness of damage detection and prediction is an individual matter and depends on the type of machine component and its symptoms
of incorrect operation. Therefore, it is also important to develop reliability models, what is possible in the case of a wellprepared database of machine failures and repairs. In this respect, the multidimensional failure rate analysis and the identification of association rules are also very important. It is
very important to follow the history of repairs against the
background of the measured diagnostic symptoms in order to
assess the effectiveness of the performed repair work carried
out by the service staff. The above tools are necessary to estimate the future demand for individual material indexes in
individual plants.

5.4 Benchmarking and simulation tools
Another area of analytics development are tools supporting
managers in making decisions in various fields of activity. An
example of a useful functionality is the comparison engine in
terms of reliability and costs of original parts and replacements or their respective suppliers. It is essential to have access to the current and historical market prices and materials
offered in one place. It is important that the analytical system
is capable of multi-criteria evaluation of material suppliers,
so that the manager has access to supplier ranking tools when
planning purchases. In addition, the key direction is simulation tools for analyzing future orders in relation to the state
of demand and stock levels under various scenarios.

6

Summary

The article discusses the importance of advanced data analysis in SCM. The analytical platform proposal for SCM in
a large enterprise was described. It consists of three groups.
The first includes basic software for storing, processing and
acquiring data. The second group includes supporting tools.
Whereas the third group includes tools supporting business
processes. The proposed enterprise analytical platform model
for SCM is characterized by flexibility, which means that it
allows to connect to compatible commercial and open source
systems. The data model for SCM has also been proposed.
This data model is the basis of the analytical platform. The
areas important for the development of advanced data analysis for SCM in a multi-branch industrial enterprise were also
discussed. They are: development of data pre-processing
tools, development of data mining tools, application of predictions to diagnostics of device maintenance, benchmarking
and simulation tools.
Further works will concern the construction of a model of
production data to be ultimately associated with the integrated supply chain model. It is assumed that this will allow
the identification and analysis of the correlation between production plans and orders for materials and services. Research
into advanced data analysis in multi-site industrial enterprises
will be also continued. This research will also include the development of assumptions for the construction of a data and
service management center, including trends resulting from
the concept of Industry 4.0 and Reference Architecture
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(RAMI). This should include not only a look from the IT angle but - first and foremost - from the perspective of business
processes. Each analytical solution must be primarily focused
on business benefits, based on hypotheses with respect to the
potential impact on the processes and business areas.
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