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Summary 

This report is DEMI deliverable D200.2 (‘DEMI Methodology Specification’), describing the 
structure, scope and topics to be further developed in the DEMI Methodology, which will be 
composed by RTD, ICT and Industrial Methodologies. These three methodologies will be devel-
oped and reported in D300.1 (‘DEMI RTD Methodology’) and D400.1 (‘DEMI ICT & Industrial 
Methodology’). 

These methodologies address different target audiences, from RTD community to industrial 
manufacturing companies, and consider different topics related to the DEMI solution such as 
knowledge representation, trade-off problems solving based on TRIZ, AmI implementation in 
manufacturing environments, process design optimisation and energy use simulation, extension 
of existing product/process design tools with DEMI components, organisational issues, setting-
up and managing collaboration in CWE, knowledge repository maintenance or trust and security 
issues. 

All the topics addressed are briefly described in this specification report, which is divided in 
three parts according to the different approach required by the three different target audience 
groups. 
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Abbreviations 
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1 Introduction 

This deliverable D200.2 contains DEMI Methodology Specification based on the related topics 
already identified in “D100.3 DEMI Concept”. As presented in the concept, the methodology 
will be structured according to the main target audiences. 

The RTD Methodology is aimed at the RTD community and will provide a theoretical frame-
work for mapping DEMI approaches to new energy optimisation projects within manufacturing 
systems. On the other hand, the ICT Methodology will provide ICT companies with the ap-
proach for integration of their existing commercial tools for process design with DEMI ICT 
components (i.e. Energy Dependency Selector, Energy Monitoring Set-up, Energy Analyser and 
Energy Simulator) and, finally, Industrial Methodology aims to provide an approach for SME 
practitioners on how to apply DEMI tools to improve energy efficiency in their new or existing 
manufacturing products and processes. 

Each of the methodologies is separated into several sections, which are described in detail in the 
subsequent chapters. Since each of the methodologies is dedicated to a different target audience, 
some of the specification topics will be overlapping. This inconvenience will be solved in the 
methodology development stage, where two documents will be released, one for RTD methodol-
ogy and another one for the ICT & Industrial methodology. 

The document includes the following chapters: 

Chapter 1, Introduction, which describes the purpose of this document, its position within the 
whole project and the approach applied in the methodology specification. 

Chapter 2 describes the RTD Methodology specification, focusing on different aspects like the 
manufacturing process design knowledge representation and use, the use of TRIZ principles to 
solve trade-off problems in manufacturing process design, AmI Implementation in Manufactur-
ing Environments, the DEMI approach for manufacturing process optimisation, manufacturing 
process modelling and energy use simulation, as well as for setting-up a Knowledge Repository. 
These aspects are addressed to the RTD community, so a more academic approach is taken here. 

Chapter 3 describes the ICT Methodology, focusing on aspects like the extension of existing 
product/process design tools with energy optimisation features (i.e., DEMI components), a 
methodology for Setting-up and managing collaboration in CWE, AmI-based Extended Services 
for a Design of Energy Efficient Manufacturing Installations as well as DEMI SW Components 
Architecture. 

Chapter 4 describes the Industrial Methodology, addressing organisational issues, manufacturing 
process design knowledge representation, innovation in product/process design in trade-off prob-
lems, methodology for Setting-up and managing collaboration in CWE, guidelines for AmI Im-
plementation to Support Design of Energy Efficient Manufacturing Installations, manufacturing 
process design modelling for simulation of energy use, DEMI software components customisa-
tion, integration and use, maintenance of the Knowledge repository as well as trust and security 
issues. 

Finally Chapter 5 presents conclusions regarding the Methodology specification and further steps 
for the DEMI methodology under development. 
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2 RTD Methodology 

2.1 Manufacturing process design knowledge representation and use 

Some of the DEMI functionalities support the manufacturing process designer in decision mak-
ing by providing information about historic processes as well as rule based feedback in process 
design. These functionalities require a previous definition of historic processes database as well 
as manufacturing process design rules. These process design rules are defined by experts but also 
by using ‘data mining’ techniques, and will feed the DEMI Knowledge Repository. 

These functionalities are the starting point for the manufacturing process design, providing the 
process engineer with support for the first design of manufacturing processes fulfilling the tech-
nical specifications. They are based on Case Based Reasoning (CBR) / Rule Based Reasoning 
(RBR) technology. The process designer will be able to get a basic process design to be later 
optimised with DEMI Analyser/Simulator tools, this basic design will offer several choices for 
equipments/parameters selections compatible with process design rules. 

This chapter will explain the different technical approaches used in DEMI related to these 
knowledge based functionalities. 

Case Based Reasoning 

In order not to start a process design from scratch but from similar process performed in the past, 
the manufacturing process design engineer will be able to input generic requirements and get a 
suitable existing process design from database as preliminary design for the manufacturing proc-
ess to be designed. The user will introduce requirements specifying values for specific parame-
ters through a user interface and DEMI will then, based on CBR techniques, present some ‘simi-
lar’ existing process from the database. Taking the requested values given by the user, EDS will 
search in the database the closest historic processes that meet the requirements, i.e., the historic 
processes in which these parameters values are closest. The ICT approach for this functionality 
development is based on ‘JColibri’ tool (developed by Universidad Politecnica de Madrid), it 
will be a client (local) application, but it can be developed as a web based application via ‘Java 
Web Start’. 

Rule Based Reasoning 

This functionality will allow the user to create a preliminary process design starting from scratch, 
for those cases where no similar historic process is found in database by CBR functionality. The 
user will be able to define a preliminary process making decisions on the use of specific equip-
ment, parameters values (quantitative or qualitative ‘states’), etc., with the support of RBR func-
tionality which will give rules based feedback. In this way the user can analyse the impact of 
process parameters modifications according to the process rules implemented, thus comparing 
different possible designs and checking possible inconsistencies, incompatibilities, rules not ful-
filled by specific parameters, values/states required for some parameters depending on those giv-
en to others, etc. The ICT approach for this functionality development is based on ‘KnowWE’ 
tool (developed by University of Wurzburg). This functionality is web based, and only some 
users (process design engineer) would have access to it. 

Rules will relate process parameters, both quantitative and qualitative in a logical way. Quantita-
tive parameters will be characterised by intervals of possible values, and qualitative parameters 
will be characterised by different possible states. The user will be able to define different kind of 
rules in this way as well as edit/modify them, using this functionality. 
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In addition to these rules manually defined by company experts, DEMI will also provide support 
in inferring rules from the historic processes database by using data mining techniques. The ICT 
approach for this functionality development will be based on ‘WEKA’ tool, which allows both 
inferring rules from historic cases database, and manually introduce rules by experts. 

 

2.2 Innovation aspects based on TRIZ principles to solve trade-off problems in 
manufacturing process design 

TRIZ is a methodology for innovation and developing creative ideas for trade-off problems solv-
ing. The original purpose of TRIZ development was to establish a methodology for creative 
problem solving. This methodology firstly formulates the problem, then analyzes the system, 
carries out failure analysis and finally goes for solution. So it provides a systematic way of solu-
tion finding, instead of hit and trial method, ultimately resulting in the form of more innovative 
product. TRIZ invention was basically to focus on manufacturing related problems, but different 
experts are using it in formulating service related problems, production problems, to carry out 
failure analysis and for finding optimal results.  

DEMI provides guidelines from TRIZ principles, which will guide the user in the search for in-
novative solutions to specific trade-off problems related to the manufacturing process design. 

The manufacturing process design engineer can identify trade-off problems where two criteria 
cannot be fulfilled at the same time. In this case EDS will provide the user with TRIZ based 
guidelines, which can support the user in order to imagine an innovative solution to overcome 
that trade-off problem. 

The user will identify the two contradictory criteria, in this way defining the trade-off problem, 
selecting them among those available in this functionality, which will give back the suitable 
guidelines for that specific problem, from a matrix based in the ’40 principles’ of TRIZ method-
ology. In addition to the guidelines, some specific examples can also be provided to the user, in 
which this guideline was successfully used. 

Regarding ICT approach, this functionality will be an independent application, with no direct 
link to the other ones. It is expected that the user will use these guidelines according to his own 
criterion when designing the process. 

This chapter will also describe how to define specific guidelines from TRIZ principles suitable 
for each type of manufacturing process. 
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2.3 AmI Implementation in Manufacturing Environments 

In the last years, a so called Ambient Intelligence (AmI) technology was promoted as enabler for 
manufacturing process improvement. The idea is to use information that is available in the ambi-
ence of the human actor as well as to realise a support with information and communication 
technology (ICT) that disburdens the human operator and shall reduce the amount of interruption 
of the actor’s value added tasks. The AMI-4-SME project was elaborating an AmI reference 
model that provides a definition of AmI systems relevant for manufacturing industry, which shall 
serve to understand how AmI systems ‘upgrade’ classical intelligent systems. AMI-4-SME de-
fined ambience as the environment in which a Human Operator acts, including both: 

• Physical environment – e.g. room, with its physical features: temperature, humidity, 
lights etc. or manufacturing process with e.g. assembly line and  

• Contextual environment – e.g. purpose of Human Operator actions, business pro-cesses, 
situation dependence etc. 

Beyond an explicit information acquisition, it is considered to use information that is implicitly 
available in the ambience of the human actor in manufacturing. The following Figure 1 presents 
this model of an AmI system in manufacturing industry.  
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Figure 1: AmI System in manufacturing industry1 [AMI-4-SME]. 

The idea in DEMI is to adapt the AmI reference model in a way that the designer of prod-
ucts/tools/processes shall also benefit from the AmI related information that can be acquired in 
the manufacturing environment. The DEMI RTD methodology shall specifically elaborate on 
how to transfer the AmI information that can be acquired in the manufacturing environment to 
knowledge that is relevant for the designer when elaborating a new product, tool or process, es-
pecially focusing on energy efficient design.  

                                                 
1 The AMI-4-SME project was developing the AmI model for manufacturing. See also Stokic, Dragan; Kirchhoff, 

Uwe; Sundmaeker, Harald; Ambient Intelligence in Manufacturing Industry: Control System Point of View. The 
Eighth IASTED International Conference on Control And Applications; Montreal, Quebec, Canada, 24-26. May 
2006, pp. 63-68. 
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The methodology shall outline the different elements that can or must be used to improve the 
work on the product and process design. Especially the RTD methodology shall detail on how to 
adapt the manufacturing environment as well as on how to adopt the AmI reference model in 
combination with the DEMI ICT components.  

From a research point of view, there is a special interest on how to couple the manufacturing 
processes and the design activities as well as to which extent AmI information from the produc-
tion environment can provide the required knowledge for design questions and problems. On top 
of that an approach shall be elaborated to couple the different processes in a manufacturing en-
terprise when taking into account the different life-cycle phases. This shall specifically address 
the design and the production as well as maintenance phases in relation to facilitate the collabo-
ration of employees as well as the reuse of AmI and general information.  

A special emphasis shall be given to the decoupled nature with respect to a specific proc-
ess/product, as a design question or problem needs to be solved, based on the available AmI in-
formation and knowledge that was acquired with previous products/processes. In general there is 
not a possibility to have an interactive collaboration between design and production with respect 
to one product/process, as the design is always finished before the start of production. This adds 
an additional complexity to the AmI system and requires additional concepts to learn from past 
experience. 

Therefore, the DEMI RTD methodology shall discuss aspects for collaborative working envi-
ronments and shall highlight certain mechanisms that need to be taken into account to facilitate 
an interaction between design and e.g. production, tool shop, maintenance. Moreover, there will 
be certain synergies with the envisaged results with respect to rule and case based reasoning. 

Different relevant categories of AmI related information shall be identified. It shall be discussed 
on how to acquire such knowledge in a manufacturing environment. Recent research already 
identified diverse potentials for acquiring information. However, the DEMI RTD methodology 
shall reflect the experience of the DEMI industry partners and specifically highlight current po-
tentials that are available in industry. This shall be structured based on the AmI reference model 
and could provide the basis for further discussion on the applicability of new information gather-
ing techniques (e.g. video, speech).  

Finally, the RTD methodology shall start a first discussion on the design systems and their com-
bination with potential AmI systems. This shall also consider the organisational integration with 
the DEMI ICT components and assessing their functionality based on the AmI reference model. 

 

2.4 Manufacturing process optimisation 

Optimising a manufacturing process is in itself a complex task. The DEMI system however rais-
es the complexity to an even higher level, aiming at developing a generic method to optimise any 
manufacturing process. To further complicate this, the project is trying to keep loose coupling 
between the different components within the DEMI system. In order to do this many things need 
to be specified.  

First of all, a generic way to describe a manufacturing process is needed: a standardized process 
configuration scheme. It needs to be combined with a standardised way of describing an optimi-
sation problem. These standards also need to fit the manner of passing information between the 
different DEMI components. At this point the information is thought to be passed via a database, 
the Knowledge Repository, therefore it is suitable to express the manufacturing process in a table 



DEMI - FP7-ICT-2009-247831  

DEMI_D200 2_Methodology Specification_v1.0 Page 11 of 23 

format. Also the objectives for optimisation and the constraints and boundaries need to be stored 
in the Knowledge Repository as tables. 

The aim of the optimisation is not just to find the optimal parameter setting to run the process, 
but also to find the equipment best suited for the job. This means that the optimisation process 
should be able to deal both discrete optimisation (combinatorial, integer) and continuous optimi-
sation. Furthermore, the results need to be applicable at industrial sites - hence the optimisation 
will be limited by the conditions at a specific site and by the specifics of the equipment involved 
in the process. The method for solving the manufacturing process in the DEMI system needs to 
be able to deal with these different kinds of problems, and the system also needs to be able to 
adapt to the nature of the problem irrespective if it is a discrete, continuous or mixed optimisa-
tion problem. 

By structuring the problem in the earlier mentioned tables the optimiser should have the possibil-
ity to solve both a discrete optimisation by simply altering the process configuration. The opti-
mizer uses a simulator service to evaluate each process configuration/setting in its iterative 
search for the solution.  The varied process configurations would enable the simulator to build 
and simulate each system automatically. The simulation should also be used to optimise the per-
formance of a process configuration taking into account the limits read from the Knowledge Re-
pository. 

The objectives of the optimisation should be read from the Knowledge Repository and processed 
to form an objective function. It will most probably be a weighted objective function, setting 
weights on each objective, which in reality specifies the importance of that objective compared 
to the others. The results of these objectives should be sent back to the user accompanied by the 
process settings and the suggested optimal configuration(s). A Pareto-plot showing the influence 
of changes in process parameters on certain objectives could perhaps also be accomplished. 

 

2.5 Manufacturing process modelling and energy use simulation 

Energy Simulator (ES) should be constructed as an on-the-fly setup and simulation service able 
to simulate new/innovative manufacturing system or process/product designs and estimate en-
ergy use for them. The modelling and simulation should be based on “block-based modelling” 
rather than on purely “process-based modelling”. It means that whole physical system or physi-
cal process is decomposed into sub-systems or sub-processes represented by independent blocks 
(one block for one sub-systems or sub-process). 

Sub-system is a specific physical equipment (installation) providing process related output, 
which depends on process related boundary conditions and sub-system parameters (block pa-
rameters). Sub-system may be expressed using differential equations with specific parameters. 

Sub-process is process variable (output of block) related to physical behaviour of other variables 
(inputs of block) with their weighting coefficients (block parameters). Sub-process may be ex-
pressed as a process variable or function dependent on other process variables. 

The list and relation of blocks together with blocks’ parameters gives the process configuration, 
which is the basic information for automatic model generation. This includes the following three 
ES functionalities: Get Configuration; Add Blocks and Specify Connections. The last two func-
tionalities may be related to the application of Model Library, which includes predefined models 
of possible blocks, i.e. all models of sub-systems or sub-processes. 
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In accordance to the predefined configuration, initially, whole system or process is modelled 
automatically connecting all blocks. This can be visualized drawing the lines between the related 
blocks. The connected blocks can be mathematically expressed as the system of differential 
equations or single regression function, which relates all process variables. In addition, for the 
simulation there is a need to perform the evaluation of unknown relations and values, e.g. nu-
merically solve differential equations or evaluate weighting coefficients for process variables. 

The output (response variable) of the system may be any process variable and the energy use, 
which is calculated depending on the process variables. This is important in case if Energy Ana-
lyser in the specified timescale seeks to obtain the time series or single estimates (e.g. average) 
of energy use and at certain sub-systems or sub-processes to perform verification of critical val-
ues (e.g. maximum) of process variables, which in turn should confirm that process will be oper-
able and compliant with the pre-defined design constraints. 

Summarising, the process modelling and energy use simulation includes the following phases: 

• Configuration-based model generation. 

• Simulation of process (system). 

• Calculation of energy use. 

The last two phases represent the running of the generated model, i.e. simulating the model and 
performing the calculations, which results is important for Energy Analyser. All three phases 
depends on the mathematical modelling approach used for specific system or process of Business 
Case. For different case the configuration, blocks, modelling, evaluation and simulation is im-
plemented depending on the used mathematical modelling approach, which itself depends on 
considered physical phenomena and available information.  

As it was mentioned previously, the calculation of response variables includes the calculation of 
energy use, which depends on the process variables. The process variables may be the same as 
sub-process variables or may be expressed as variables of functions or variables of equations. 

 

2.6 Setting-up of a Knowledge Repository 

Key objective addressed by the DEMI project is to enable manufacturing organisations to reduce 
the energy consumption by improving the product and process design for AmI supported energy 
efficient manufacturing installations. This requires the acquisition and storage of data/ informa-
tion and further generation of knowledge that will assist the human actors in making the design 
related decisions. DEMI aims at the realisation of a so-called Knowledge Repository that can be 
used for the compilation of such data. 

For enabling a reuse of the project results beyond the three manufacturing business cases, the 
knowledge repository shall be applicable in diverse organisations and in different product and 
process context. The applicability shouldn’t be restricted to a specific manufacturing domain or 
an individual industrial environment. At the same time, the DEMI project was analysing which 
elements of a knowledge repository for acquiring, storing and communicating information/ 
knowledge could be developed in a reusable fashion. A kind of trade-off was carried out that was 
analysing the following aspects before specifying the DEMI knowledge repository: 

• Relevance – the knowledge repository shall contain the main classes of information that 
is required in the manufacturing environment context, classifying major groupings/ clas-
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ses of information that are characterising main objects in relation to manufacturing prod-
ucts and processes. 

• Level of detail – the level of detail shall be limited not imposing specific characteristics 
that are highly specific to a particular industrial environment, a specific design question 
or a particular design/ legacy system. 

• Modularity – the knowledge repository shall be composed on defined classes that are en-
abling a kind of opt in and out. Also enabling the replacement of complete modules with 
adapted and domain specific modules. 

• Adaptability – the developed knowledge repository shall not impose a specific overall ar-
chitecture at the manufacturing site. It is not considered to develop a kind of universal in-
terface as the interfacing in an organisation is generally quite specific.  

• Purpose – the repository shall specifically focus on the compilation of main information 
groups for analysing and designing the energy efficiency dimension. 

From a methodological point of view, especially the RTD methodology shall outline and further 
detail the different information classes that are considered as the reusable kernel of the knowl-
edge repository. A basic ontology shall be presented that contains the purpose of the different 
information items, identifies the unique manufacturing product/ process data and explains the 
manufacturing related background for putting specific information classes in relation to each 
other. 

Moreover, those data items shall be outlined that seem to change in correspondence to the spe-
cific manufacturing environment (e.g. injection moulding, casting, compressed air, drilling, mill-
ing, compression moulding) or type of industry (e.g. automotive, aeronautics, plant construction, 
machine tool manufacturing). This shall analyse both the static characteristics of the manufactur-
ing ambience (e.g. basic machines, materials, product characteristics) as well as the dynamic 
characteristics that change in relation to the specific realisation of the product/ process and are 
measured within the ambience itself (e.g. energy consumption, heat, pressure, speed, object 
combinations). 

However, in the manufacturing domain a lot of efforts were already invested in the elaboration 
of enterprise and information models. Initiatives like elaborating the ISO 10303 or ANSI/ ISA 95 
series for industrial automation/control systems integration as well as developing models like 
CIMOSA for realising an open system Architecture for CIM or enterprise reference architectures 
(e.g. GERAM, PERA) realised an enormous amount of resources. The knowledge repository 
shall not reinvent those approaches but specifically focus on information elements that need to 
be considered when aiming at the set-up of a knowledge repository for an energy efficient de-
sign. 
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3 ICT Methodology 

3.1 Extend product/process design tools with energy optimisation features 
(DEMI components) 

The functionalities of the DEMI ICT components were composed to provide complementary sets 
of features that shall enable the consideration of energy use aspects in the overall design process. 
The basic idea is to enhance existing design processes as well as complement existing design 
tools that are currently only allowing an implicit consideration of energy use aspects. The exten-
sion of design processes as well as combining them organisationally and/or technically with 
those DEMI ICT components shall directly support trade-off in design options in order to satisfy 
both process efficiency requirements and energy efficiency. 

The DEMI ICT components are representing so called energy optimisation features. They were 
designed in a way to be reusable (i.e. the DEMI full prototypes) also for business cases beyond 
those three used in the project for test and assessment. Specifically the following reusable func-
tionalities can be identified: 

• Energy Dependency Selector: 

 TRIZ engine, rule-based reasoning module, user interfaces for providing input to en-
ergy analyser, to update data for simulation, modelling of initial (old) systems and of 
alternative system/process designs. 

• Energy Analyser: 

 Objective function minimisation, Life Cycle Cost Analysis, Break-even Point calcu-
lation, Return on Investment calculation, specification of constraints and boundaries, 
decomposition of open configurations for discrete optimisation, generic structure for 
creating objective functions, manufacturing processes simulation and LCC analysis. 

• Energy Simulator: 

 Getting configurations, adding blocks and connections for configuration-based model 
generation and simulation of the process to calculate energy use. 

• Energy Monitoring Set-up: 

 Collaborative monitoring requirements definition, monitoring analysis & planning, 
monitoring control, measurement data compilation & access, measurement data fil-
tering, analysis & export. 

The ICT methodology will further outline on how to integrate the DEMI ICT components with 
existing design processes and tools. This will outline potentials for an organisational as well as a 
technical integration with existing infrastructures and design tools. Moreover, a basic element for 
reuse is also presented by the data model that was elaborated to realise the knowledge repository. 
The DEMI ICT methodology will outline those parts of the data model that are highly reusable 
and those that need to be specifically adapted to a specific manufacturing environment.  

It is very likely to use the examples of Moldware and Sisteplant from business cases one and two 
to provide further practical examples for the organisational and technical integration with exist-
ing design environments. On top of that, business case three will provide further examples on 
how to organisationally integrate the components with the MB Air Systems environment and 
design methodology. 
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3.2 Methodology for Setting-up and managing collaboration in CWE 

DEMI involves not only the manufacturing company but also other actors that take part to some 
extent in the whole manufacturing process definition, in particular the manufacturing installation 
providers. This means that DEMI tools have to allow the collaborative work and therefore the 
ICT approach has to be that of Collaborative Working Environment (CWE). In addition, DEMI 
is also intended to be able to integrate existing ICT tools for product/process design.  

This chapter will address the collaborative aspects of the DEMI methodology and tool in order to 
deal with the integration of these existing design tools and procedures, as well as the active in-
volvement of the installation providers. 

 

3.3 AmI-based Extended Services for a Design of Energy Efficient 
Manufacturing Installations 

The ICT methodology shall support ICT providers to adapt their ICT services/products for an 
operational and possibly a technical integration with the envisaged DEMI ICT components. A 
basic assumption in DEMI is to extend services for an energy efficient design of manufacturing 
processes/products with the usage of AmI technology. This AmI technology would be specifi-
cally installed in the manufacturing ambience in combination with the processes, products, ma-
chines and tools. Main assumption is to enable the acquisition of “AmI” information and knowl-
edge from the overall manufacturing ambience. To realise this, an ICT provider would need to 
support its customer in the realisation of the services for a design of energy efficient manufactur-
ing and AmI installation as well as its integration in the overall ambience.  

Therefore, the ICT methodology shall systematically guide the ICT provider to identify the rele-
vant AmI related features that would be required to explicitly or implicitly gather required in-
formation/ knowledge. Moreover, the methodology shall outline basic enabling technologies that 
could be used to realise such features. 

It is expected that the AmI reference model for manufacturing industry from the AMI-4-SME 
project can be used for structuring the AmI usage for supporting the design of energy efficient 
products and processes. Nevertheless, the methodology shall specifically address such informa-
tion that relates to energy efficiency. Moreover, the need to generate context and case related 
information for comparing historical and current designs shall be addressed. 

 

3.4 DEMI SW Components Architecture 

As stated in the description of work the DEMI solution should be structured in a Service Ori-
ented Architecture (SOA). In the DEMI case this means that the different component should pre-
sent themselves to one another as services within the system, which also ensures a loose cou-
pling between the components. The different components will use other services within the sys-
tem to perform their task. This makes most of the DEMI services to be both a service and a ser-
vice consumer.  

In DEMI the architecture is based on data exchange via the Knowledge Repository while the 
services are triggered directly. Using web services based on SOAP or REST could be a possible 
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way to realise this connection, which would also allow the different services to be physically 
hosted in different locations and accessed through the internet. In those cases where this solution 
is not possible due to connections or business rules the same methodology could be used based 
on intranet communication instead. 

This chapter should describe how the DEMI project tackled the challenges associated with SOA. 
Such as in-house installation, internet based solutions, security, licensing, management and sup-
port.  
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4 Industrial Methodology 

4.1 Organisational issues 

The objectives of collaboration within the company will be developed in detail in this Industrial 
methodology. This chapter of the methodology will develop the strategies required for applying 
DEMI within a company. 

In addition, a generic description of the costs/benefits analysis will be provided including for 
example costs related to DEMI tool development/purchase, new components (e.g sensors), in-
stallation, staff training and benefits related to reduced energy consumption and more efficient 
process design.  

DEMI solution allows a multi-user knowledge management that will be accessed by different 
users in the company. Therefore, user roles definition and description of their tasks need to be 
taken properly into account. 

This chapter will also address the preconditions needed for attaining system acceptance, such as 
Motivation, Definition of the structure of the collaboration, Definition of policies or Definition 
of assessment measures. It will also consider possible business model approaches, for example in 
the case that the owner of the tool is the manufacturing company, that is, the user of the manu-
facturing installation, or in the case that the owner is the manufacturing installation provider, 
offering the tool as an additional service. 

 

4.2 Manufacturing process design knowledge representation 

As stated in section 2.1, DEMI supports the manufacturing process designer in decision making 
by providing information about historic processes and rule based feedback in process design, 
these functionalities requiring a previous definition of historic processes database as well as 
manufacturing process design rules. This chapter will address the procedures proposed to indus-
trial manufacturing companies in order to define the relevant knowledge in the company, i.e. the 
manufacturing process design rules and the historic process database, for the knowledge reposi-
tory. 

The process of defining the knowledge present at the company requires the active involvement 
of the experts whose relevant knowledge has to be explicitly formulated in terms of rules for 
manufacturing process design. In addition, DEMI will also allow the company to identify corre-
lations among parameters from historic processed database through data mining techniques, 
which will support in the definition of design rules. These procedures will allow the company 
identify and represent the relevant knowledge for optimal process design. 

These knowledge based functionalities will then provide the manufacturing process designer 
with support for the first design of manufacturing processes fulfilling the technical specifica-
tions, which will be optimised with addition DEMI tools in terms of energy efficiency. 

The manufacturing process designer will in this way be able to get a suitable existing process 
design from database as preliminary design for the manufacturing process to be designed, based 
on main requirements. Otherwise the process designer can also create a preliminary manufactur-
ing process from scratch based on the design rules implemented. 
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These tools are linked to DEMI Knowledge Repository where historic processes and design rules 
are stored. This chapter outlines how to identify and represent this knowledge and, in particular, 
the process design rules. DEMI tools will also allow the user to create manufacturing process 
design rules and to edit/modify those already stored in the Knowledge Repository. 

 

4.3 Innovation in product/process design in trade-off problems 

Manufacturing companies are not used to try to face trade-off situations by using an innovative 
approach to overcome the contradiction, like that of TRIZ, which requires the implementation of 
a new methodology and training. This chapter will focus on the necessary steps to implement 
such a methodology for innovative trade-off problem solving, specially focused on application to 
energy efficient and productivity. 

In order to successfully implement the TRIZ methodology and DEMI related tool in the manu-
facturing company, experts at the company will have to identify the different combinations of 
contradictory parameters in order to define the trade-off situations opposing energy efficiency 
and other process related parameters, where DEMI TRIZ based tool is expected to provide sup-
port. 

In addition, the definition of different guidelines that the tool would provide suitable for that 
specific company and manufacturing process, as well as the identification of successful solutions 
to similar situations in the past, will have to be addressed in order to implement and use this 
methodology and tool for an optimal process design in terms of energy efficiency and other re-
quired specifications such as productivity. 

 

4.4 Methodology for Setting-up and managing collaboration in CWE 

As the manufacturing industry is a sector with a strong potential for knowledge sharing across 
the extended enterprise, the collection and structuring of knowledge is a topic that has to be care-
fully addressed for achieving an efficient collaboration between all the relevant actors 

This chapter of the industrial methodology will describe how the collaboration among different 
industrial actors, including manufacturing company and manufacturing installation providers, is 
addressed in DEMI. This collaboration would provide manufacturing process designers with 
useful information for process optimal design, and on the other hand it would provide installation 
providers with recommendation for manufacturing equipment future designs. 

For the set-up of communication means for collaboration the methodology should comprise def-
inition of communication needs, collaboration pattern and available means. 

Collecting and structuring knowledge in the manufacturing company and installation providers. 

After description of the procedure for identification of the information/knowledge important for 
EE optimisation, knowledge collecting ways to be elaborated in the methodology are to be de-
scribed, including: 

• Historic manufacturing processes description for database 

• Knowledge related to manufacturing process design rules from experts at manufacturing 
company 
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• Knowledge from experts at manufacturing installation providers related to installation 
characteristics for process design rules simulation purposes 

The knowledge structuring approaches to be elaborated in the methodology include knowledge 
structuring according to the change/update frequency and knowledge structuring according to the 
application. 

Finally, in order to establish a favourable environment for knowledge sharing, DEMI actors 
should comprehend and approve sharing objectives, i.e., the energy efficiency optimisation. Or-
ganisational issues, such as motivation and IPR management, required for facilitating knowledge 
sharing will also be addressed in this chapter. 

 

4.5 Guidelines for AmI Implementation to Support Design of Energy Efficient 
Manufacturing Installations 

The realisation of an AmI implementation can be generally structured like other type of ICT pro-
curement projects. Therefore, the guidelines for AmI implementation shall be structured accord-
ingly in the following phases: 

• Analysis and conception – preparing a rough specification and an initial implementation 
plan. 

• Specification and selection – detailed specification of the required AmI features and se-
lection of the ICT provider. 

• Implementation – realising the AmI solution and integration with the existing architec-
ture. 

The guidelines shall be targeted at an industrial audience. They shall explain the different phases 
from a practical point of view like a kind of checklist, enabling the responsible actors in a manu-
facturing organisation to learn what steps to realise and how to accomplish them in detail. The 
guidelines shall contain clear procedure and sequence of activities. To facilitate an understanding 
of the quite scientific definition of the AmI reference model, the guidelines shall be enhanced by 
practical examples, highlighting potential technologies and functionalities also putting them in 
relation to their applicability for supporting the design of energy efficient manufacturing prod-
ucts and processes. 

 

4.6 Manufacturing process design modelling for simulation of energy use 

Energy Simulator (ES) represents the DEMI component, which provides the simulation service 
able to simulate new/innovative manufacturing system or process/product designs and estimate 
energy use for them. Having this service and related results the industry can apply the new de-
signing approach. For this there is important to follow ES data requirements and know that kind 
of results can be received. Actually, ES may be used separately or applying other functionalities 
of other DEMI components. 

Taking in to account two options of ES application, this section will include the description of 
data/results from all phases of ES activities: 

• Configuration-based model generation. 
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• Simulation of process (variables). 

• Calculation of energy use. 

The description of data and results will be related to the general specifications for Knowledge 
Repository and Business Cases. The purpose and results of ES will be presented introducing the 
new approach of designing, which includes: 

• Modelling of initial (old) system. 

• Modelling of alternative designs. 

The modelling for simulation of energy use in the designing process will be also related to the 
process efficiency requirements, which can be estimated taking in to account Energy Consump-
tion Monitoring and Key Performance Indicators. 

 

4.7 Software components customisation, integration and use (workflow)  

In this chapter the method of customisation to in-house IT-architecture will be described. It will 
be necessary to have a clear view of what systems the DEMI components are meant to commu-
nicate with and what purpose of use of the component has. The methodology will be tested with 
the work of adapting the DEMI system to the business cases, which will be on-going throughout 
the entire project, starting with the test and integration phase in the second project year. 

The results and experiences from the business cases of the project will be gathered and presented 
in this chapter to formulate a method or instruction for integrating the tools at industrial sites. 

 

4.8 Maintenance of the Knowledge repository 

As soon as the knowledge repository will be instantiated in a specific implementation at a manu-
facturing site it will be highly specific with respect to the organisation’s architecture, interfaces 
and individual data models. As already elaborated before, the objective is to realise a basic on-
tology as implementation reference. This shall also serve to systematically structure the knowl-
edge repository. Therefore, the industrial methodology shall explain the basic idea of separating 
the different information classes as well as their interrelation. To enable the industrial users to 
work on the data model and to adapt the DEMI reference model the methodology shall provide 
practical explanations of the semantics and the taxonomy applied.  

The different classes and their relationships will be outlined, and it will be highlighted which 
elements are required for which DEMI ICT component. It shall be further elaborated on how to 
collect and provide different classes for acquiring energy efficiency related information and 
modelling specific products/processes that are specific to a manufacturing domain. A kind of 
collection could be elaborated that will compile such classes during as well as after the end of the 
project. Moreover, from a usage point of view, a DB schema shall be elaborated that can be eas-
ily installed with a current relational DB.  
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4.9 Trust and security issues 

This section of the methodology will contain methods and recommendations to take care of In-
tellectual Property Rights for collaboration between companies. The protection provisions will 
be structured according to the main roles involved in collaboration. 

Trust and security issues in DEMI are particularly important in all related to information ex-
changed with other companies, in particular the network could include the manufacturing com-
pany as well as the manufacturing installation provider. Information related to the manufacturing 
process and other related aspects at the company are important, so Ambient Intelligent (AmI) 
technology could be at the same time a benefit and a threat to security. 

In general, AmI is expected to significantly increase the role of information and our reliance on 
the storage, processing and transmission of information. This brings with it great opportunities to 
enhance our quality of life, but at the same time, presents major challenges in terms of the pri-
vacy and integrity of personal or corporate information. 

It is now widely agreed that lack of trust in systems will prevent their widespread adoption. As a 
consequence, the development and deployment of systems with strong effective security is vital, 
what is particularly important for AmI systems, which may consist of several computation and 
communication resources whose number dynamically changes and thus are getting closer to so-
called virtual communities. In this new framework, the capability to represent, create, negotiate, 
monitor and evolve trust relationships in a secure way becomes mandatory. The aspects which 
are increasingly investigated are e.g. wireless network security in ubiquitous systems, trust and 
reputation management in virtual coalitions/organizations, the area of document security, and the 
problem of security mechanisms for documents that are platform and server independent. 

The trust building blocks, elements of security, are the security services and the security mecha-
nisms. The security services comprise: 

• Access control: Protects against unauthorised use. Most part of AmI services defines re-
strictions on which devices can access to them. The access control property applied to the 
AmI service will handle which actions can be done and which information will be avail-
able by defining a control access list for hardware or software components. This is a typi-
cal property that should be modelled as an aspect to allow the replacement of the access 
control mechanism without affecting the application code 

• Authentication: Provides assurance of someone's identity. All devices and users in the 
environment must have a unique identifier. The authentication service is provided by 
most part of non-trivial applications in AmI environments. The device or user authentica-
tion can be performed using a username and a password, a digital signature, a user voice 
recognition mechanism, a digital certificate or any other identification method 

• Confidentiality: Protects against disclosure to unauthorised identities 

• Integrity: Protects from unauthorised data alteration 

• Non-repudiation: Protects against originator of communications later denying it 

The means for achieving these properties depends on the collection of security mechanisms that 
supply security services, the correct implementation of these mechanisms, and how these mech-
anisms are used. In addition, security mechanisms with crypto functions can be used. 
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This chapter will also address the risks related to the usage of AmI technology and communica-
tions via intranets or Internet which impose a new dimension of risks related to trust and security 
aspects. 
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5 Conclusion 

This report summarizes the proposed methodology structure and topics for the RTD, ICT and 
Industrial DEMI Methodologies, to be further developed later on in the project and reported in 
D300.1 ‘DEMI RTD Methodology’ and D400.1 ‘DEMI ICT & Industrial Methodology’. 

The RTD methodology (D300.1) will further develop these topics providing deeper theoretical 
background to Research and Technology Development practitioners who would like to apply 
DEMI approaches in future energy efficiency optimisation in manufacturing process, mainly 
covering Ambient Intelligence (AmI) monitoring, Rules based process design and process design 
Optimisation and Simulation. 

On the other hand, the ICT&Industrial methodology (D400.1) will provide deeper practical 
background to manufacturing companies applying DEMI solution in their current or new manu-
facturing facilities, specifically focusing on the extension of existing ICT tools for process de-
sign, efficient manufacturing process design based on knowledge, methods to set-up and main-
tain a collaborative working environment, methods to support collaboration with the manufactur-
ing installation providers, practical guidelines on how to use AmI information to support energy 
use optimisation and guidelines for DEMI ICT system. 

The methodologies development, in particular the ICT&Industrial methodology, will be done in 
parallel to the DEMI Prototype testing which will provide valuable inputs from the industrial 
partners for the industrial methodology development. This will allow a better understanding of 
how DEMI tools actually fit the real manufacturing environments as well as the industrial needs 
for an effective DEMI solution implementation. 
 


