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Executive Summary 

This document provides a concluding update of the Open Manufacturing Modelling Suite 

(OMMS) deliverable provided in M6 – namely D23.1. The results summed up in this 

document derive from work performed in the first fifteen project months in T23.1 of MSEE’s 

WP23. This final version comprises the following results: 

 an updated method for virtualizing tangible assets (incl. identification procedure), 

 a top-level taxonomy on the context of tangible assets in Manufacturing 
Ecosystems; used to provide online templates to represent ‘virtual’ tangible assets in 
manufacturing in D23.3, as well as 

 a mechanism to represent rules and constrains in order to manage tangible 
assets on enterprise, Ecosystem, and FI level. 

In contrast to WP22 and SP1, special focus is put on the virtualization of tangible assets (and 

explicitly not on intangible assets or business objects like products and services). Taking on 

the ideas of D23.1, in manufacturing industry the term ‘virtualization’ means to represent 

tangible assets, which are physical objects of economic value, as virtual objects, namely 

Tangible Assets as a Service in order to facilitate management activities on Ecosystem level. 

According to the updated description of task T23.1 in the MSEE DoW, “a method is provided 

for identifying, capturing, and virtualizing tangible assets. The virtualization process provides 

semantically enriched representations of tangible assets, their input-output dependencies as 

well as logical and (formal) physical relations between tangibles in OMSE. It uses the OMSE 

taxonomy for tangibles assets, developed as part of the OMSE Management framework in 

task T23.2. The method supports flexible and IT-driven orchestration and/or self-organization 

of tangible assets as a Service. Special attention is put on the virtualization of interaction 

mechanisms of tangible assets, in different life cycle phases, affiliated management 

functionalities as well as related constraints.” (MSEE DoW)  

In context of MSEE, this will finally lead to an extension of the USDL notation for Tangible 

assets as a Service by means of a dedicated USDL Profile for manufacturing assets. 

Respective results are documented in D23.3/.4 and demonstrated in D23.5/6. 

Accordingly this deliverable contains the following chapters: 

 Chapter 1: Introduction to the topic and objectives 

 Chapter 2: Framework for management of tangible assets 

 Chapter 3: OMSE Virtualization Method 

 Chapter 4: Relationship with intangible assets management 

 Chapter 5: Conclusion 

 

According to the DoW, the idea is to provide an update of D23.1 in order to derive a 

comprehensive and final document. Consequently, D23.2 comprises some further detailed 

results of D23.1 as well as additional contributions: 

The process for virtualization (3.2) in chapter 3 as well as rules & constrains (3.2.3), and 

the top-level taxonomy concepts (3.2.2) described in D23.1 of M6 have been further 

elaborated with respect to the outcomes of other MSEE work packages (e.g. requirements 

analysis & progress in industrial use cases) and thus updated in this document. Furthermore, 

an Identification Procedure (3.3) for key tangible assets reported in has been elaborated in 

strong cooperation with WP22. In addition, explicit links between WP22/23 (4.2) outcomes 

and SP1 modelling objects are outlined in chapter 4. 
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Lessons Learned 

The changes and additional contributions in this deliverable – in comparison to D23.1 – are 

due to some essential lessons learned within the last 6 month: 

 Chapter 3.2: The virtualization method has been adapted after further elaboration 

based on intense discussions with the SP2 project partners Biba, PoLiMi, 

Engineering, Tecnalia and Hardis as well as on end-user feedback from MSEE Use 

Cases. This strong collaboration ensures that presented virtualisation method is 

consistent and coherent with the overall Innovation Ecosystem Framework and its 

components. Feedback from MSEE end users allowed WP23 to stay in line with 

updated Use Case requirements as outlined in D52.2. Same holds for changed use 

case Gantt charts, where dedicated activities related to identification and modelling of 

tangible assets got a prominent position in each use case. 

 Paragraph 3.2.2: The initial WP23 core taxonomy outlined in D23.1 in M6 had to be 

slightly adapted in order to fit the overall MSEE strategy of providing a holistic 

(semantic) framework for SP1 and SP2 in terms of models for product-services as 

well as their components, namely in-/tangible assets. Consequently, the strict 

distinction between products and services (in SP1) and in-/tangible assets (in SP2) 

got materialized by means of two dedicated concepts, BUSINESS OBJECTS and 

(PRODUCTION) FACTORS, but bridged by the cross-SP relation EXPOSES. This 

allows on the one hand to distinguish between VME and MSE objects and on the 

other to relate them case specific, where needed. 

 Paragraph 3.2.3: Discussions with MSEE coordination team as well as scientific 

partners indicated that MSEE could profit a lot of semantic models being able to 

represent different access level to tangible assets on enterprise, Ecosystem, and FI 

level. In order to not having to model each and every real-world tangible assets three 

times (one for each level), a mechanism was defined that allows for providing 

context-sensitive access to a single virtual representation per tangible asset. As the 

tools (OntoStudio and Protégé), that are used up to now in MSEE to handle and 

manipulate semantic models, do not provide front end features to implement a 

respective mechanism, a deep analysis of semantic meta-models (notated in OWL 

and RDF) was performed in order to derive to the concept of Reification. This will be 

used to associate additional, context-depended attributes to attributes (!) in our 

Tangible Asset Ontology. By this, we are able to flag attributes accessible either on 

enterprise, Ecosystem, or FI level per virtualized tangible asset. 

 Chapter 3.3: In strong cooperation with WP22 a holistic and final version of an easy 

applicable Virtualization Method for tangible as well as intangible assets has been 

elaborated. Due to the fact that in the first semester of MSEE, WP22 and WP23 

focused – as intended – on different aspects, namely in- and tangible assets; 

integrative work performed in the last months succeeded in taking advantage of both 

virtualization approaches outlined in D22.3 and D23.1. As a result, only one thus 

comprehensive procedure for both, in- as well as tangible assets in Ecosystem has 

been provided to MSEE end users. Consequently, discussions on how to further 

intense collaboration between these WPs recently drafted the idea of merging M24 

prototype deliverables D23.6 and D22.6. 

 



Project ID 284860 MSEE – Manufacturing SErvices Ecosystem  

 
Date: 31/12/2012 Deliverable D23.2 – Version 1 

 

 

MSEE Consortium Dissemination: Public 6/37 

 

 
 

 Chapter 4.2: Due to the fact that all three assets: the virtualization process, SP1 

reference models, and SAP’s linked-USDL specification evolved during the last 6 

month, details on how to link these three assets have been continuously updated and 

finalized for this deliverable. As an example it can be mentioned that 4 months ago 

the targeted linkedUSDL core ontology has been changed (the concept of 

RESOURCES was removed). As MSEE considers this concept as essential for 

linking top-level concepts like PRODUCTS and SERVICES to supporting concepts 

like (PRODUCTION) FACTORS, which are namely in-/tangible assets; intense 

discussions have been carried out in order to agree on re-inserting a well-founded 

concept RESOURCES in linkedUSDL public core ontology. Even though MSEE could 

have voted for a respective individual extension, having the concept in the standard 

core of linkedUSDL – which is promoted by SAP – ensures interoperability and 

sustainability of MSEE tools and methods that rely on the RESOURCE – covering in-

/tangible assets – concept.  
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1 Introduction and links to other WPs 

According to T23.1 outlined in the MSEE DoW, this deliverable sums up research results of 

WP23 regarding a dedicated method for virtualization of tangible assets in 

Ecosystems – especially in Manufacturing Ecosystems1. As we will show, service-

orientation and thus virtualization are key drivers for successful management of tangible 

assets in Manufacturing Ecosystems. 

The overall objective in WP23 is to develop a framework and to enable a service-driven 

management of tangible assets (e.g. intelligent materials or resources like machinery or 

humans), taking into account intermediate results from SP1 (namely modelling principles for 

resources) and other WPs in SP2 (e.g. WP 21: Definition of MSEE Innovation Framework). 

The following figure sums up essential cross links between MSEE work packages that are 

dealing with tangible assets.  

Exemplary tangible assets are as follows: machinery, tools, materials, intermediate products 

as well as other tangible resources of business value within an Ecosystem. Both functional 

(e.g. drilling, milling, weaving, finishing, ironing) and non-functional aspects (e.g. time, price, 

set-up, quality, and location) need to be virtualised for a later availability in services at the 

marketplace of WP 26. (SP1 provides more details on how these tangible assets can then be 

combined with intangible assets and exposed as products and/or services to a market.) 

 

 

 

 

Figure 1: Cross-links between MSEE WPs regarding “management of tangible assets” 

 
As part of this work, T23.1 focuses on developing a Virtualization method for tangible assets 

in manufacturing. The following table depicts the WP23-context of this deliverable (orange). 

                                            
 
 
 
 
1
 The full term of the title of the related sub project SP2 according to the DoW is "Manufacturing Virtual 

Enterprises Innovation Ecosystem", and also the short versions "Manufacturing Ecosystem" and 
"Innovation Ecosystems" are used there. In this document the term "Manufacturing Ecosystem" is 
used. 
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Figure 2: Virtualization Method in context of all work performed in WP23. 

 

The main outcome of this deliverable at the end of T23.1 is the final specification of a method 

for virtualization of tangible assets in Manufacturing Ecosystems: 

 Adequate means for virtually describing tangible assets in Manufacturing 

Ecosystems are provided (esp. notation, digital objects of models, and exemplarily 

templates) 

 A structured process (including process step description) for the virtualization of 

tangible assets is outlined 

 A mechanism for representing rules and constraints on tangible asset 

specifications in Manufacturing Ecosystems is promoted 

 

As MSEE will have to handle both, tangible assets and intangible assets, there is a strong 

connection between WP23 about tangible assets and WP22, which is dealing with intangible 

assets. Consequently, the respective WP leaders DITF and PoliMi have set up an initiative to 

integrate the results of the respective work packages. The intermediate outcome of this 

initiative is demonstrated in chapter 4 as a drafted roadmap about in-/tangible assets 

management in MSEE. The discussion on this will determine in course of our collaborative 

work within the use cases. Respective industrial pilot cases for integration are outlined in 

D23.6. 
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2 Framework for Tangible Assets Management 

As a starting point for setting up a holistic method for managing tangible assets in MSEE 

(according to the task T2.3.1 description in the updated DoW), a top down perspective on 

Ecosystems (including Manufacturing Ecosystems) has been taken into consideration. The 

following outline has also been input to WP21, where a final MSEE perspective on Innovation 

Framework will be derived. 

2.1 Innovation Framework and Open Manufacturing Principles2 

High value-adding processes for knowledge-intensive products and services are facing 

growing complexity of scientific, technological, environmental, legal as well as business 

requirements and ask therefore for close partnerships between enterprises and various 

institutions. Considering that agility and interoperability are esteemed to outpace traditional 

business characteristics like efficiency and robustness, appropriate concepts, methods and 

tools for immediate pragmatic support of especially Manufacturing Ecosystems are needed. 

One pragmatic approach to support Manufacturing Ecosystems in terms of innovation 

management and collaboration is to apply Open Manufacturing principles (and in case later, 

to provide even Open Manufacturing Services). 

The OM idea is a variant of the Smart Networking concept (Lau et al. 2009), which is based 

on the Smart Organisation idea: In principal virtual enterprises that usually evolve in 

Manufacturing Ecosystems as well as Smart Organizations ‘…are knowledge-driven, 

internetworked, dynamically adaptive to organizational forms and practices, learning as well 

as agile in their ability to create and exploit opportunities’ (Filos 2006) in order to increase the 

competitiveness, the flexibility and the possibilities of the legal entities. Networking in the 

three dimensions ICT networking, Organisational networking and Knowledge networking 

(see Figure 3) and thus the implicit importance of easy manageable representations of e. g. 

tangible assets and collaborations are the core elements of both concepts.  

 

Figure 3: Top down perspective on Ecosystems (adapted, Filos 2006) 

 

                                            
 
 
 
 
2 In general, Ecosystems should integrate approaches that equally focus tangible and intangible assets. This is 

why this paragraph addresses tangible assets in context of their semantic enrichment and potential linkages with 

intangible assets. A dedicated framework for intangible assets management is however subject of WP22.  
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Camarinha-Matos (Camarinha-Matos 2009) identified a large variety of collaborative network 

concepts from the Virtual Enterprise to the Agile Shop Floor. Of particular importance for 

virtual enterprises in Manufacturing Ecosystems are the Extended Enterprise, Virtual 

Organisation, Dynamic Virtual Organisation and Virtual Organisation Breeding Environment. 

All these concepts are capable to support the strategic goals of resource optimisation, 

synergy creation, achievement of a critical mass and to increase benefits of the partners 

(Filos and Banahan 2001). They are mainly focused on ICT or organisational structures.  

Networking in the organisational dimension describes the shift from steep hierarchies to flat 

hierarchies paired with networked cross-functional teams. Bureaucracy, represented by the 

organisational hierarchy, is able to maximise efficiency and provide stability. Networks, 

represented by cross-organisational teams, enable flexibility and effectiveness. Knowledge-

driven organisations and virtual enterprises are combinations of both. The success of teams 

is strongly depending on the information and knowledge exchange, primarily the quality of 

communication not the quantity, which is hooked on the networking in the ICT and 

knowledge dimension. All three aspects have to be aligned in context of service/product 

development and production in Ecosystems. As a consequence, in the context of tangible 

assets management in Ecosystems, an appropriate innovation process for products and 

services (that consists of tangible and intangible parts) has to be applied (Figure 4). 

 

 

Figure 4: Exemplary Innovation Process for service/product innovations in Ecosystems – 

applicable for both, tangible and intangible product/service components (adapted from IPRM of 

the AVALON project (www.avalon-eu.org)). Anticipated in MSEE’s deliverable D21.1 

 
Networking in the knowledge dimension empowers individuals and teams to dynamically link 

up with each other to share information and knowledge e. g. about tangible assets. Entities in 

Ecosystems require the organizational capability to promote the creation of knowledge, to 

conserve the acquired knowledge and most important to exploit the knowledge, thus 

requiring knowledge management as core competence of the entity. In order to generate 

e. g. competitive Manufacturing Services, (Manufacturing) Ecosystems need to be open 

systems with continuous and dynamic interactions between the network entities themselves 

and also to external partners. To realize this exchange, a certain level of trust and loyalty 

C
o

n
tr

o
l

P
la

n
n

in
g

E
x

e
c

u
ti

o
n

M3 Ideas Monitoring

M2 Invention of Ideas

M6 Concept Evaluation

M5 Concept Validation

M4 Conceptualisation

•Product

M8 Prototyping

•Process

M7 Drafting

M12 Product Test

M11 Sample 
Processing

M10 Product Planning

M15 Product Success 
Control

M14 Market 
Introduction/ NPI

M13 Continuous 
Planning

Innovation 
Cycle:

Type of
Manage-

ment

Activity:

M1 Encouragement/ 
Promotion of Ideas

M9 Prototype 
Evaluation

Innovation 

Module

Innovation
Activity

Creation of 
ideas

Concep-
tualisation

Proto-
typing

Sampling
Production

and 
Marketing

http://www.avalon-eu.org)/


Project ID 284860 MSEE – Manufacturing SErvices Ecosystem  

 
Date: 31/12/2012 Deliverable D23.2 – Version 1 

 

 

MSEE Consortium Dissemination: Public 11/37 

 

 
 

between all participants is required, which is also required for networking in the ICT 

dimension.  

Networking in the ICT dimension enables organizations to enter into virtual collaborations. 

Moving to extended or virtual organizational forms are an essential characteristic of such 

Ecosystems. ICT instruments supply distributed teams with information and knowledge 

required for value creation across geographical and organizational boundaries. This 

openness comprises hazards. Integrity and security is a challenge open communication 

networks and associated information systems have to cope with. Trust in used technology, 

e.g. through security technologies, as well as trust in partners, e.g. through contracts or inter-

organizational teams, has to be established and maintained.  

This networking capability allows for Manufacturing Ecosystems to cope with complexity and 

with rapidly changing economic environments. MSEE draws on this idea and applies parts of 

the smart organization principles in context of collaborative innovation in a Manufacturing 

Ecosystem. 

In general, MSEE aims at providing a holistic framework for different types of services 

(for the MSE: Manufacturing Service Ecosystem). However, this deliverable does not 

focus on Manufacturing Services themselves, but on virtualised manufacturing assets 

that can then be composed in order to provide services or products alike. 

 

2.2 Tangible Assets – Definition and Examples 

Tangible assets should be properly defined and managed to achieve the best results in terms 

of products life cycle management and overall performances of an organization.3 

As described in the DOW, tangible assets are whatever kind of physical objects with 

economic value (Allee 2008). Tangible assets comprise production factors like machines, 

tools, material, work place equipment, material flow components, control systems, storage 

systems, and the manufacturing environment (building, air conditioning, cleaning). However, 

these are tangible assets that have to be complemented by intangible assets in order to 

provide manufacturing products/services. This is why the abovementioned definition has 

been further elaborated in MSEE in context of other well-known scientific resources like 

(Quartel et al. 2007) and (Joshi et al. 2010). As a result, tangible assets (and intangible 

assets) are seen as factors that can be manipulated, combined, and exposed in 

Manufacturing Ecosystems in order to provide certain business assets – especially 

physical4 products and/or manufacturing4 services.5 

                                            
 
 
 
 
3 The following paragraphs will use the term tangible and intangible as adjectives and not as nouns, taking into 

account that in-/tangible assets are often confused with e. g. tangible products and/or intangible services. 

4 For the sake of completeness, it has to be highlighted that in-/tangible assets are also used to provide IT- 

and/or organizational services, which are subject to other MSEE deliverables, e. g. D11.1 or D21.1. 

5
 Allee 2008 destinguishes less generic terms and defines ”product assets” based on ”manufacturing assets”.  
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However, this distinction between tangible assets and intangible assets has no direct 

consequence on the nature of a business asset being a product or a service: 

“The distinction between goods and services has been traditionally interpreted by 

economists as if it were equivalent to a distinction between physical commodities, or 

tangible material products, on the one hand and immaterial, or intangible, products on 

the other. The economics literature is full of statements to the effect that goods are 

material, or tangible, whereas services are immaterial, or intangible. Such statements 

are casual and conventional rather than scientific, as the nature of an immaterial 

product is not explained. In practice, intangible products deserve more serious 

attention because they play a major role in the 'information economy.' They are quite 

different from services. […] The habit of describing services as intangible products is 

an invention of economists “ (Fulcher and Hills 1996) 

 

According to Fulcher and Hill, there is no scientific reason for identifying tangible assets 

as products or services as intangible assets – on the contrary, the authors state that 

there are tangible and intangible goods (called ‘tangibles’ and ‘intangibles’, = nouns) on the 

one hand, and services on the other! In contrast to (intangible) goods, a service is not an 

entity that can persist in time independently of its producer or consumer and therefore should 

not be treated as if it were some special kind of good, namely an 'immaterial' one – even 

though services in general are intangible (= adjective). For MSEE this means that the 

semantics used in the project have to be harmonized and seriously chosen (see Figure 5) to 

be able to classify MSEE outcomes properly: 

 (Production) Factors (are manipulated within the system, namely the Ecosystem) 

o There are tangible and intangible (production) factors 

o Both types can either persist in time (object-like, materialized) and be owned 

by a single system (e.g. producer or customer) OR happen in time (process-

like, serviced) and instantiated as a result of two interacting systems (e.g. 

provider and consumer). 

 Business assets (that are exposed to system-external markets/partners, are 

composed system-internally by tangible – and according to the new D22.1 also 

intangible –  assets) 

o Products are tangible, materialized, physical objects e.g. for manufacturing; 

classical products (e.g. cars, machineries as a product, medical stents, 

motorcycle helmets, …) but also raw materials and intermediate products, 

which can be seen as products of somebody else. Products are outcome of a 

single (production) system. 

o Extended-hybrid Products are tangible, serviced, physical objects with service 

components that support the respective core-product (e.g. drilling machinery 

with maintenance contract) 

o Virtualised-functionalised knowledge assets and competences (& Services), 

which are servitized intangible assets (see D22.1).  

o Knowledge assets and competences, which are owned intangible assets (or 

services) (see D22.1). 

The life cycle of tangible assets comprises all value adding stages from idea generation, 

concept specification, multiple evaluation stages, prototyping and sampling, production/ 

implementation, distribution, usage and maintenance as well as dismantling and recycling 

(Anderson and Zeithaml 1984). These phases are considered to be strongly dependent on 

each other but finally distinct development stages of e.g. products. 
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Figure 5: (Extended) Products definition in Manufacturing Ecosystems 

The aim of this deliverable is to provide top level concepts that will finally lead to domain 

specific templates and categories for tangible assets in Ecosystems in D23.3/4. These 

templates can be adapted and easily be transferred to any collaborative innovation and 

manufacturing initiative in industries. 

 

2.3 Service-Orientation for Management of Tangible Manufacturing Assets 

According to D23.3 and expected D23.4 results, System Theory and cybernetic approaches 

motivate to decompose enterprises as well as respective Ecosystems into sub-systems that 

interact with each other as well as the environment (Beer 1962). This is where the theories of 

control and complexity studies come into play in order to allow systematic management of 

technical and non-technical sub-systems by means of information-related, financial, 

organisational, procedural, and technological parameters (Hirsch 2012). In this deliverable, 

focus is laid on management activities that are directly related to operative manipulation of 

tangible assets in Ecosystems. This is why we have to detail the top-level term 

‘management’ towards more operational activities. The top part of Figure 6 shows how the 

term ‘tangible assets management’ can be considered to be about  
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The aim in D23.1/2. was to support these operative management activities by appropriate 

means with respect to real-world tangible assets. As a result, a virtualization method for 

tangible assets has been developed as outlined in chapter 3.2. The following figure shows 

how this virtualization process is conceptually related to management sub-activities and how 

it is designed to support manipulation activities in context of tangible assets in Ecosystems. 

 

 

Figure 6: Virtualization process supporting operational management activities (extension of 
D23.3/.4 Decomposition of the term "management") 

 

The above mentioned sub-categories of the term ‘management’ can be addressed by some 

dedicated means in course of the development and production of (extended) product assets 

in Manufacturing Ecosystems: 

• Identification, tracking and tracing: RFID and Barcode (Palmer 2004)  

• Planning and scheduling: ERP systems allow for sophisticated planning of the 

production program and scheduling of the production (assignment of machines, 

sequencing of orders) (Gronau 2003).  

• Monitoring, control and supervision: MES enable the control of the material flows and 

order status, the allocation and consumption of resources, the quality of product and 

processes, i.e. all what is necessary to control and monitor the production and 

manufacturing assets respectively.  

• Compose, maintenance, and repair: based on continuous monitoring and control 

mechanisms, efficient maintenance and repair strategies can be developed in order to 

manage (extended) tangible assets during their use phase. 

• Apply, re-purposing, recycling, or dismantling: Typically, the end-of-life treatment of 

product assets can be managed in the same way as their production, as it can be 

seen as a transformation process that leads to new “products”. 
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As far as production management is concerned, different organizational methods (Adamides 

and Pomonis 2009) for handling tangible assets in production have recently been applied, 

such as lean manufacturing, Kaizen or SixSigma (Schonberger 2008), essentially derived 

from Toyota Production System, thus resulting in a significant improvement of efficiency and 

flexibility in manufacturing. Even though good results have been achieved regarding 

efficiency and flexibility of well-known supply chains, led by a powerful OEM, management of 

tangible assets in context of interdisciplinary innovation, dispersed teams, and MSEE’s 

Servitization approach is still an open issue. MSEE takes into account that planning and 

monitoring features focus mainly on intra-organizational management of tangible assets, 

whereas Supply Chain Management (SCM) enables inter-organizational management, 

basically on a highly aggregated information level of manufacturing assets and on a high 

level of transparency about product assets.  

 

To ensure effective and efficient management of tangible assets in Ecosystems, it is however 

essential to apply appropriate information-technology (Shang and Chen 2010). In order to 

increase interoperability among heterogeneous actors and thus IT-Systems in Ecosystems, 

Service-Orientation (Jarrar and Meersman 2010) as well as semantic enrichment of services 

(Demirkan 2008) are strongly recommended. In MSEE we succeeded in combining both, 

Service-Orientation and semantic principles in order to allow for holistic management of 

tangible assets in Ecosystems. 

 

In order to enable Ecosystems to pro-actively manage a heterogeneous and evolving 

repository of tangible assets, these assets have to be made accessible by means of an 

easily manageable, virtual representation of them – namely Tangible Assets as a 

Service. 

 

2.4 Exemplary state-of-the-art approaches for virtually representing Tangible Assets 

To enable Ecosystem actors to manage tangible assets from a holistic business perspective, 

real-life objects have to be transferred into their virtual representation, e.g. dedicated models, 

structural templates, or simple references. Depending on the use case, each tangible asset 

has to be represented differently. In MSEE we focus on development and manufacturing 

tasks and provide virtualization means for tangible assets with respect to the Open 

Manufacturing idea outlined above. Accordingly, tangible assets are represented as part of 

Open Manufacturing modelling dimensions as well as the business aspects elaborated by 

(Wojda and Barth 2006). The following two paragraphs show two similar but different 

approaches for representing real-world tangible assets virtually, namely business process 

modelling and formal semantics. Based on the latter, very generic approach, a semantic-

driven method for virtualization of tangible assets is provided in chapter 3.2. 

 

2.4.1 Modelling Dimensions 

As mentioned in D11.1 representations for tangible assets can be based on a modelling 

framework that also reflects the business and ecosystem perspective as well as architectural 

concepts. The figure below shows the model types available for describing these 

Ecosystems and their relationships. Following a top-down approach the first model type used 

is the ecosystem model. This model type describes the ecosystem/network and its 

environment including stakeholders as well as the goods and processes. The second model 

type is the process model. It provides more details like sequence of activities or used 

resources about the identified processes in the ecosystem model. The last model type 
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(resource model) describes the infrastructure of the network, the capabilities and 

dependencies of resources – and especially tangible assets (Figure 7). 

 

 

 

 

Figure 7: Service Oriented Modelling schema (source: MSEE Deliverable D11.1) 

 

To further detail the Resource Object in BSM models, the following specification of a 

resource model has been forwarded to SP1 developers. The Resource Models describes 

the organization and their machinery, materials & intermediate products, and other physical 

objects (tangible assets) used for realizing products and services (Figure 8). Two views allow 

a focused image of the networking resources. The organization views concentrates on the 

classical organizational relationships to represent an organizations but also enables 

additional aspects like cultural background or qualifications to be considered in modelling. 

The infrastructure view is concentrating on the tangible assets of an organization like 

production sites, machinery or software systems. These tangible resources are linked with 

the organizational structure to describe the control over the specific resource. 
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Figure 8: Suggested structure of a dedicated resource model (Example: machine) 

 

Even though, (graphical) modelling is a very structured way to describe real-world objects 
like tangible assets, usually those models (e.g. UML) do not satisfy essential formal 
requirements (Staab 2010; Raistrick 2004) to allow for reliable automatic handling of 
contained information. This is why we decided to add so called ontological knowledge 
(Gasevic, Djuric and Devedzic 2009) by means of semantics. 
 

2.4.2 Top-level Semantics 

Semantics are a well-known formal approach to explicitly describe and structure knowledge 

domains (Lamparter, Luckner and Mutschler 2008) like e.g. “tangible assets management in 

manufacturing”. Even though, no details on the already developed semantic model on 

tangible assets (see D23.3/4.) shall be given in this document, it is important to understand 

the top-level idea of the semantics applied in this context. 

 

This is why a short recap of key concepts in MSEE is provided hereafter. There are several 

terms and labels used to refer to in-/tangible assets as well as respective compositions in 

MSEE: Extended and Hybrid Product, Knowledge/Competences and Service (i.e. intangible 

transformation), in contrast to physical products (i.e. tangible assets like machinery, material, 

intermediate products and so on). In course of SP1-SP2 alignment initiative, agreement has 

been achieved on the following concepts as well as their isA-relation (Figure 9). 

Consequently, in-/tangible assets are seen as (production) factors that can be used and 

combined on VME and Ecosystem level in order to provide products and/or services for any 

market. In this context it is important to mention, that we do not use the terms in-/tangibles 

(nouns) to refer to in-/tangible assets, as we want to prevent confusion with business objects 
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like in-/tangible (adjectives) products (or even services), which are – from a semantic point of 

view – very different from in-/tangible assets. 

 

 

Figure 9: Top-Level semantics and context of “tangible asset” in MSEE.  

 
From a more theoretical point of view, tangible assets are objects that have to be related to 

business activities and business actors within a certain business environment. Therefore, the 

Collaborative Innovation Ontology (CIO) (Hirsch 2012) captures the top-level 

dependencies between these objects in relation to Ecosystem actors and activities, and 

provides ontological rules to automatically evaluate and manage real-life business cases. As 

in MSEE different levels of IPR (see section 3.1) apply, CIO has been extended towards a 

comprehensive tool for managing business object stadiums, which can be used to represent 

IPR levels, access rights as well as visibility aspects (Figure 10). Details on CIO as well as its 

semantic context regarding other taxonomies on business objects, activities, and actors are 

provided in D23.3 and its future update D23.4. 

 

Figure 10: Extended Collaborative Innovation Ontology (CIO) 
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Based on the findings outlined above, MSEE semantics regarding tangible assets might be 

further detailed in SP1 in context of products and services (especially the transformation from 

one to another later in MSEE) in order to provide a holistic view on all concepts addressed by 

MSEE (e.g. actors, activities, servitization, …). 

 
3 Open Manufacturing Service Ecosystem Virtualization Method 

In order to create high value products and services in the MSEE ecosystem context, all 

actors need to learn how to combine their complementary core competencies across sectors, 

and how to share highly specialized knowledge about new materials, features, and 

processing procedures (Senge, Carstedt and Porter 2001). In this respect, the ideas of 

knowledge and competence [but also products] as a service are currently gaining growing 

attention (Xu and Zhang 2005). Scalability, flexibility and adaptability are essential factors to 

meet the needs of interdisciplinary, dynamic, and dispersed (hence internet-worked) actors in 

Manufacturing Ecosystems. With respect to tangible asset management, this implies the 

need making real-world tangible assets accessible and easily manageable by ICT. In the 

following, a very promising approach on managing Tangible Assets as a Service on 

Ecosystem level is outlined, by taking advantage of a newly developed virtualizing method. 

 

3.1 Requirements and Concept 

Crucial aspects that have to be considered when talking about tangible management in 

Manufacturing Ecosystems are Intellectual Property Rights (IPR) and access restrictions. 

Actors in innovation-related networks are facing a twofold challenge in order to enhance their 

competitiveness and ensure future success. On the one hand they need knowledge input 

and competences from one another in order to derive real product and/or innovations; on the 

other hand they have to avoid the drain of unique knowledge (e. g. about tangible assets). 

MSEE proposes a three level IPR architecture in development and manufacturing networks, 

where knowledge about tangible assets as well as respective knowledge structures are 

treated differently on each layer. There is an internal perspective on knowledge and 

knowledge structures, which is very detailed and represents all aspects that are needed to 

actually produce or deploy a product or service by the respective company. These assets 

have to be kept secret; un-supervised access from any community, network, or third-party 

actor has to be prohibited. To enable efficient and successful collaboration on community or 

network level and to allow for collaborative optimization of knowledge representations as well 

as knowledge assets, parts of the knowledge and knowledge structures that are used 

internally have to be adapted and prepared for sharing with partner institutions. On 

community level, where access restrictions apply, adaptations should extensively be 

discussed, and deletions should be documented. The third security level is dealing with 

knowledge and information about products and services that is available to the public. Here, 

no IPR measures apply. Network actors should focus on publishing only data that is relevant 

for end-users or other companies in order to order and buy respective products. The 

following paragraphs will show how information technology means can be used to manage 

IPRs on internal (individual enterprise), community (Manufacturing Innovation Ecosystem), 

and public (FI Cloud) level (see Figure 11 and chapter 3.2.3). 
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Figure 11: IPR and access right levels (stadiums) in context of MSEE 

 

3.2 Virtualization Method 

In order to facilitate the handling of tangible assets in context of development and 

manufacturing in MSE, an appropriate virtualization method for tangible assets is drafted in 

the following. This method comprises: 

- a dedicated Virtualization Process, 

- a mechanism to represent rules & constraints, as well as 

- offline templates for virtualised tangibles assets, which are typical for MSEE. 

 

3.2.1 Process and Guidelines 

Virtualization is a term known from IT, where e. g. hardware components (like servers) are 

virtualized in order to get rid of their physical aspects and to be able to manage and use only 

virtual representations of respective components (virtual server). Unfortunately, this radical 

perspective on physical components in IT cannot be transferred to manufacturing and the 

management of tangible assets, as manufacturing services strongly depend on the physical 

representation of underlying tangible assets. Accordingly, a new virtualization process is 

needed to represent real-life tangible assets (e. g. as part of manufacturing services). 

 

To define manufacturing services, MSEE fosters a two-step approach: 

1. Virtualization of tangible assets (and intangible assets) in SP2 in order to provide 

Tangible Assets as a Service. 

2. Specification of manufacturing services in SP1 by means of models, comprising 

Tangible Assets (and Intangible Assets) as a Service. 

 

The following virtualization process (see Figure 12) has been agreed on between WP23 and 

WP22 in order to allow for virtualization of both, in- and tangible assets. 
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Figure 12: Virtualization process for tangible assets. 

 
The virtualization process outlined above, answers questions like “What to model when?”, 

“Which parts of the model to communicate when?”, “Which degree of details to realize?”, 

“Where are the system borders?” and so on. 

 

The virtualization steps in detail are as follows: 

 

1. Identify 

In this step the purpose and goal of the virtualization of the respective tangible asset 

is defined and documented in plain text. Depending on the usability context as well as 

available resources, different aspects of the respective tangible asset will be analysed 

and modelled in the following steps. Accordingly, semantic models and knowledge 

types are provided complying with the foreseen application scenarios of the 

virtualized tangible assets. In general, tangible assets are the object of the 

virtualization process, namely the system to be virtualized. The foreseen virtual 

representation of tangible assets comprise a well-defined system border as an 

interface to the environment, descriptions of the expected information, material, and 

financial flows across this border, the identification of sub-systems and elements of 

the system as well as structural details of these elements. 

2. Analyse and Codify 

In the second step of the virtualization process, input-output-relations and more 

details about information, material, and financial flows are identified. Respective 

findings are used to determine interface specifications, semantics, and overall system 

dynamic in context of the to-be virtualized tangible. In this step a comprehensive 

taxonomy about tangible assets (see T23.2) will be utilised to identify the most 

appropriate type to represent the to-be virtualized tangible assets by means of a 
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dedicated set of attributes and I/O-relations. Appropriate methods for text and data 

mining or similar might be applied in this step. 

3. Define Rules 

Depending on the IPR levels defined above, multiple views and perspectives can be 

taken into account: structures and templates used for describing the respective 

tangible asset internally might ask for very detailed information, while documents and 

sheets to specify the respective tangible on community level might be less informative 

or leaflets for marketing and publishing purposes might cover only top level 

information about the respective tangible. This is where border conditions may apply 

and where rules and constraints are defined for each attribute of the virtualized 

tangible.  

4. Populate 

In four, the ramp up procedure for the virtualized tangible assets starts. The attribute 

sets are filled with adequate values, documented, and prepared for distribution. 

Therefore all attributes to specify a real-life tangible are described, units defined, 

constraints and rules outlined. The outcome of this procedure is a ready to be used 

virtual representation of the respective tangible. 

5. Update and Quality assurance 

Feedback given by partners and practitioners that gained experiences in applying the 

TaaS will be used in step five of the virtualization process to continuously update and 

re-define the virtual representations of tangible assets. The aim is to provide 

consistent, easy to used, re-usable, transferable, thus modular and extendable sets 

of a Tangible assets as a Service. 

 

The outcome of this virtualization process will lead to virtual artefacts (representing 

tangible assets e. g. in USDL-like notation) that can be combined with intangible 

assets in order to build up service (or products) in manufacturing industries, which – 

themselves – can be modelled and represented virtually by means of e.g. the USDL 

service description language. 

 

3.2.2 Core Taxonomy for Tangible Assets in MSEE 

Based on the feedback provided by MSEE industrial partners, an extendable taxonomy for 

essential tangible assets in MSEE have been deduced that brings together top-level 

concepts and domain-specific classes. Discussions are still on-going in the project. Updates 

are provided in context of dedicated use cases in D23.6. 

 

It has to be mentioned, that the top-level taxonomy provided hereafter is different from 

the tangible assets ontology elaborated in D23.3 and determined in D23.4 – even 

though the following concepts are considered to be starting point for the work on 

attributes per concept in T2.3.2. In D23.3./4. much more details concerning the actual 

attribute sets per concepts are provided in a consistent and domain specific way. 

 



Project ID 284860 MSEE – Manufacturing SErvices Ecosystem  

 
Date: 31/12/2012 Deliverable D23.2 – Version 1 

 

 

MSEE Consortium Dissemination: Public 23/37 

 

 
 

 

Figure 13: Top- down and bottom-up perspective on tangible assets (excerpt) 

 

The figure above (Figure 13) shows, how these bottom-up categories of MSEE tangible 

assets are integrated into a holistic semantic model about assets in Manufacturing 

Ecosystems that has been derived top-down. As outlined in the introductory part of this 

deliverable, MSEE tangible assets are categorized as serviced and materialized. Hence, 

products are distinguished from extended products and hybrid products (as well as services). 

Suggestions for a domain-specific linkage “[…]” between top-level and detailed templates 

has to be further investigated and will be outlined in part b) of this deliverable. Examples for 

templates for tangible assets are provided in chapter 4. 

 

3.2.3 Rules and Constraints 

Rules and constraints are necessary as a support for the decision process on which real-life 

features of objects shall be virtualized – and especially on how this virtualization process can 

be successfully finalized. IPR specific attributes and values are prominent examples for 

context-specific rules to be applied to virtualized tangible assets: Some attributes/values of 

virtualized tangible assets shall only be accessible for community members; others are for 

internal use only or to be shared with the public. Rules help to decide on which 

attributes/values to share with whom. 

However, adequate rules and constraints cannot be developed before a commonly accepted 

vision of virtualized tangible assets in Manufacturing Ecosystem has been derived. In 

addition, there cannot be provided a complete list of each and every possible rule to be 

applied in context of manufacturing ecosystems, as respective rules are subject of individual 

negotiation and assessment. However, in the following, a formal notation on how to assign 

IPR levels to virtualized tangible assets is provided as well as exemplary regulations on 

accessibility for specific virtualized in-/tangible assets. 
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According to formal semantics, a mechanism called reification can be applied to restrict 

links between concepts and/or instances.6 The following depiction shows, how a relation 

between instances/concepts can be limited according to respective context variables (e.g. 

IPR Stadium). For MSEE this means that information on in-/tangibles as a service in WP26’s 

repository can be published on enterprise, ecosystem, or future internet level depending on 

individual IPR Stadiums of IN/TaaS attributes or relations. 

 

 

Figure 14: Reification mechanism applied to denote IPR levels to limited links between 
instances/concepts. 

 

Consequently, MSEE’s semantic convention has to be extended towards the reification 

mechanism: 

 

Thing.”hasAttribute”@IPR-Stadium.”Attribute”.”Value” 

 

According to the three IPR levels defined in MSEE, possible values of IPR-Stadium are as 

follows: 

- EnterpriseLevel 

- EcosystemLevel 

- FILevel 

 

Examples for categorized in-/tangible assets are: 

- Bivolinos configuration script for its configurable configurator is only known on 

enterprise level: 

ConfigurableConfigurator.hasConfiguration@EnterpriseLevel.ConfigurationScript 

 

- Ibarmia’s customer list is available on ecosystem level: 

Ibarmia.hasCustomer@EcosystemLevel.CustomerList 

 

- MSEE’s manufacturing services are avaibale on FI level 

MSEE.providesServices@FILevel.ManufacturingService 

 

- Bivolino’s sewing machine as a service in available on Ecosystem level 

Bivolino.providesService@EcosysemLevel.SewingOfShirts 

                                            
 
 
 
 
6
 http://www.w3.org/2007/OWL/wiki/Reification_Alternatives 

Thing „Attribute“

IPR 

Stadium

isInStadium

„hasAttribute“



Project ID 284860 MSEE – Manufacturing SErvices Ecosystem  

 
Date: 31/12/2012 Deliverable D23.2 – Version 1 

 

 

MSEE Consortium Dissemination: Public 25/37 

 

 
 

The following table provide generic guidance on which type of rules have to be applied on 

which IPR level. Governance processes in WP25 take on this rules and implement 

respective algorithms. 

 

IPR Stadium Requirements for Rules 

Enterprise Level - No information has to be published that is essential for 

the competitiveness of the company 

- For internal use, all levels of details have to be 

documented per in-/tangible asset by means of text, 

pictures, videos, specification sheets, db entries, tables, 

best practices, typical failures, … 

Ecosystem Level - Only information that is valuable for the Ecosystem has to 

be published; information overload has to be prevented 

- Basic information on which IN/TaaS are available has to 

be published: Label, Availability, Input-Output-

Requirements, Price (not costs!) 

- Additional input on partners needed, knowledge 

requirements, non-/functional requirements on combining 

In/TaaS with other services in the Ecosystem have to be 

outlined 

Future Internet Level - Contact details are essential information on FI platforms 

- Basic information on In-/TaaS like label and I/O-

Requirements 

 

3.2.4 Exemplary Templates for Virtualization of Tangible Assets 

This section introduces an example about how the industrial partner Bivolino describes the 

individually electronically configured shirts, and an initial service-oriented model. Due to 

confidentiality company-internal detailed information is available in a separate annex to this 

document. 

The MSEE partner Bivolino is responsible (as so called a Manufacturing Service Provider - 

MSP) for its Ecosystem on producing made-to-measure, individually configured shirts (as a 

service). Besides keeping track of the order progress, the MSP also provides the necessary 

data to the (micro-)factories for the production of the garments, and to providers of 

supporting services. These include generally: 

 Consumer related data: Address, bank account … 

 Bill of labour: Listing of all the tasks to be fulfilled for each order (financial, garment or 

fabric making, transportation, …) 

 Bill of material: List of materials needed to do the order 

 Technical data files: 

o Cut files 

o CAD files 
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o Pattern plot 

o 3D technical sketch 

At the moment the Bivolino business model is across level 3 and 4 of K.D. Thoben approach 

to servitization7, but its expertise could be exploited within a Manufacturing Ecosystem, to 

gain further opportunities on the market. As a starting point for further investigation of the 

product-service relation, exemplary data for describing tangible assets at the Bivolino 

ecosystem has been gathered. Shirts are described as pictures, configuration file incl. user 

data, xml-specification, and cut-file data (see separate Annex 1). 

 

The following table and figure shows the initial top-level service-oriented model of the 

Bivolino pilot case.  

 
Service modelling 
element  

BIVOLINO Case 

Service Automatic shirt configuration service 

Product Shirt (sold by Bivolino) 

Functionality 
(1) propose shirt model (color, style, tissue), (2) help to determine size, (3) 
propose personalized shirt 

Resource  
Mobile development and delivery platform, 3D configurator, e-shop tools, 
Bivolino website, CAD-CAM-M”M-Link 

Partners 
Shirt manufacturer, carriers, Provision of textile QR-code infrastructure, e-
retailer 

Supplier/providers: 
(service providers) 

Laundry providers, Social Media, Mobile providers 

Other stakeholders Bivolino designers 

Customer Shirt buyers 

KPIs 
Increase of shirt sale, number of new customer, number of customer who 
come back for second and third times, 

Value 
Improve the image of Bivolino, fidelisation of Bivolino customer, reduced 
waste using digital model 

Organization Collaborative decentralized and networked organization  

Decisions Supply decision, Delivery decisions, marketing and sale policy decision 

Process 
Customer registration and subscription process, Shirt customization 
process, online payment process, shipping process 

Table 1: Bivolino service description on community level 

 

                                            
 
 
 
 
7
 “Servitization” is the process of looking at customers needs as a whole. It is moving from the old and 

outdated focus on product OR service to integrated “bundles” or systems, as they are referred to, with 
services in the lead role. (Vandermerwe and Rada 1988) 



Project ID 284860 MSEE – Manufacturing SErvices Ecosystem  

 
Date: 31/12/2012 Deliverable D23.2 – Version 1 

 

 

MSEE Consortium Dissemination: Public 27/37 

 

 
 

 
 

Figure 15: Bivolino Service Oriented Model 

Based on the findings in D23.3 and D23.5, representative offline templates for capturing 
exemplary tangible assets as a service in MSE are outlined in the following tables 2-5. 
Dynamically generated and thus more sophisticated templates for many more manufacturing 
use cases are available through the ontology prototype provided in D23.5 and updated in 
D23.6. 

 

Table 2: Sewing Machine offline template to gather more details on attributes 

Textile Sewing Machine 

ID  

Label  

Nr. of Needles  

Nr. of Spools  

Features  

Transport Mechanism  

Stiches per Minute  

Provider  

Cost per hour  

Availability  
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Table 3: Printer offline template to gather more details on attributes 

Textile Printing Machine 

ID  

Label  

Printing Principle  

Input files  

Features  

Transport Mechanism  

cm^2 per minute  

Provider  

Cost per hour  

Availability  

  

 

Table 4: Cutting Machine offline template to gather more details on attributes 

Textile Cutting Machine 

ID  

Label  

Width  

Lengt  

Features  

Transport Mechanism  

Cuts per Minute  

Provider  

Cost per hour  

Availability  

  

 

 Table 5: Shirt offline template to gather more details on attributes 

Shirt 

ID  

Label  

Fabric  

Targeted Sex  

Features (Collar, …)  

Configuration file (Cut, CAD, )  

Shipping time and cost  

Provider  

Production Cost  

Availability  
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3.3 Identification Procedure for Key Tangible Asset  

A first feedback from our MSEE end-users indicated that explicit support for Step 
1”Identification” of the virtualization method outlined in chapter 3.2 is crucial for the 
anticipation of the method. Consequently, a dedicated Identification Procedure has been 
elaborated in strong cooperation with WP22. 
 
The Identification Procedure takes advantage of already existing data and facts about real-
world tangible assets in Ecosystems that can be found in existing business models (WP5) 
and Ecosystem models (WP11). Both sources are taken into account, when asking key 
tangible assets from Ecosystem members. 
 
To guide the process of gathering detailed information on key tangible assets, a pre-
configured and thus individual questionnaire is provided based on feedback collected by 
means of the business model in course of WP5 activities. As the Identification Procedure can 
be considered to be a straight forward extension of the business canvas principle that were 
applied in the first year of the project, it can be expected to be an easy to apply mechanism 
in context of MSEE and future MSEs. 
 
The Identification Procedure consists of two major steps: 

1. Identify and gather key tangible assets & 
2. Detail attributes per identified asset 

 
In the following, WP22/23’s Identification Procedure is outlined as detailed as possible in 
order to allow for easy IT-based implementation in the near future. As a top level perspective 
on the procedure, the following figure depicts its main conceptual elements, namely the focus 
on resources and processes, as well as three levels of concretization from tangible assets 
that can be exposed to the Ecosystem, over other modular categories to specific 

performance indicators per tangible asset. 
 

 

Figure 16: Conceptual structure of WP22/23’s Identification Procedure for key tangible assets  

Based on already existing data per use-case, an individual questionnaire is provided that 
takes on the idea and structure of the business canvas model but provides further detailed 
questions explicitly on key tangible assets. 
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… 

Figure 17: More detailed structure of the Identification Procedure questionnaire 

 
All four MSEE use cases were provided with an individual Identification Procedure 

questionnaire. In order to reduce redundant queries, a comprehensive questionnaire on in- 

and tangible assets has been sent out from WP22/23 representatives. 

 
As an example, the questionnaire sent to Indesit Ecosystem is depicted hereafter – the 

complete questionnaire can be found in the separate (due to confidentiality) Annex 2. 

 

 

Figure 18: Individualized Identification Procedure questionnaire sent to Indesit Ecosystem in 
order to gather key in-/tangible assets. 

Discussions on how to implement the questionnaire by means of e.g. the SLMToolbox in 

SP1 are ongoing. Specifications are provided and continuously detailed. An initial approach 
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might be to provide an additional view within SLMToolbox on already existing business 

models and MDSEA models, and ask end-users for completion according to remaining open 

questions. 

 

The questionnaire - detailed in the separate annex 2 - has been 

1. Individualized for Indesit (and all the other MSEE Use Cases) in order to gather key 

in-/tangible assets within their Ecosystem 

2. Filled in by Indesit (and the others) on behalf of all respective Ecosystem members 

 

The tangible assets of the Indesit Ecosystem identified by means of this questionnaire are 

listed hereafter representative for all four MSEE Use Cases. All key tangible assets collected 

will however be provided as Tangible as a Service in linkedUSDL notation in the prototype 

deliverable D23.6 (M24) 

 

The key tangible assets identified and further detailed by this questionnaire within the 

Indesit Ecosystem are as follows (in brackets, reference to our Tangible Asset Ontology in 

D23.3/.4 is provided): 

- ‘Tangible’ contact persons at suppliers: electrics, mechanical, bio-chemical, pre-

assembly suppliers (concept in Tangible Asset ontology of D23.3/.4: 

Transformation/Human)  

- Indesit and Hotpoint washing machines (TAO: object/machinery/household/washing 

machine) 

- Data Storage in Machine (TAO: object/IT/storage) 

- Communication unit for mobile devices (TAO: object/IT/Sender) 

- Measuring units for washing performance, water consumption, energy consumption 

(TAO: object/IT/measuring{water/energy/pollution)} 

- assembly line (TAO: transformation/machine/ assembly line) 

- welding line (TAO: transformation/machine/ welding line) 

- presses (TAO: transformation/machine/ presses ) 

- machine for plastic molding (TAO: transformation/machine/ plastic molding ) 

-  

- Plastic (TAO: object/substrate/Plastic ) 

- metal sheets (TAO: object/material/ metal sheets ) 

- steel (TAO: object/substrate/ steel ) 

- electrical equipment (TAO: tool / electrical equipment/ * ) 

- hardware and software support for diagnostics (TAO: tool/hardware/ * ) 

 
 
4 Relationship with Intangible Assets Management (WP22) and Sp1 modelling 

4.1 WP22/23 relation 

This chapter outlines the relationship with T22.1 Intangible Assets Management, and the first 

steps towards a common interface to access tangible assets as well as intangibles assets as 

a service. Both tangible and intangible asset management are herewith discussed, with 

reference to their mutual interaction within MSEE. 

As mentioned above, tangible assets are whatever kind of physical objects with economic 

value (Allee 2008). Taking into account MSEE’s Ecosystem perspectives, they are no longer 

distinguished into manufacturing assets and product assets, because manufacturing assets, 

which are used in processes that an organization performs in order to create product assets, 
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can be seen as products of others. Tangible assets include machines, tools, material, work 

place equipment, material flow components, control systems, storage systems, and the 

manufacturing environment (building, air conditioning, cleaning).  

On the other hand, intangible assets are defined as those key drivers whose essence is an 

idea or knowledge, and whose nature can be defined and recorded in some way (Hall 1992). 

The author has split them into intellectual property (those assets for which the organization 

has property rights) and knowledge assets (those assets for which the organization does not 

have property rights). As such, accounting, strategy, human resource management, 

information systems, knowledge management, among others should be considered 

intangible assets (Marr and Adams 2004). 

In order to create high value products and services in this ecosystem context, all actors need 

to learn how to combine their complementary core competencies across sectors, and how to 

share highly specialized knowledge about new materials, features, and processing 

procedures (Senge, Carstedt and Porter 2001). In this respect, the ideas of knowledge and 

competence as services are currently gaining growing attendance (Xu and Zhang 2005). 

Scalability, flexibility and adaptivity are essential factors to meet the needs of 

interdisciplinary, dynamic, and dispersed actors in Manufacturing Ecosystems. 

 

 

Figure 19: In-/tangible vs. services and products 

MSEE distinguishes different portions of in- and tangible assets per product/extended 

product/hybrid product/service (see Figure 19). While products are very much tangible, 

service are intangible. Intermediate states of business goods – as described by Thoben 

(Product&Service, Product2Service) – combine both in- and tangible features. 

With reference to MSEE, both tangible and intangible assets will be involved on the different 

levels of the architecture, i.e. individual enterprises, manufacturing ecosystem and FI cloud (Figure 11: IPR and  

access right levels (stadiums) in context of MSEE). As far as WP23 is concerned, product/machines are physically present at the single enterprise 

level. Further utilization, in terms of innovation within a Manufacturing Ecosystem, is 

analysed at the second stage, while the third stage is represented by a wider use of 

machines and products by the internet of service (FI clouds).  

A similar approach may be adopted by WP22, i.e. intangible asset management, where the 

three stages are applied to a different and innovative use of knowledge and human 

Product Service
Product2
Service

Product&

Service
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resources at the enterprise level, within the Manufacturing (Innovation) Ecosystem or within 

FI cloud. In fact, the same considerations expressed above on generic tangible assets could 

be applied to human competencies projects and knowledge assets collections, including 

virtualization, functional, and non-functional properties – which are all intangible. 

While bearing in mind that all three levels must be properly aligned and that they all interact 

with each other, appropriate management models and tools should be defined. 

4.2 SP1 cross-links 

As mentioned above, this deliverable focuses on providing a holistic approach for virtualizing 

real-world tangible assets as tangible assets as a service, which are to be combined with 

intangible assets as a service on Ecosystem level in order to provide dedicated 

manufacturing services to the market. As the development and delivery of manufacturing 

services is managed by means of SP1 models and tools, SP2 semantic models (and tools) 

have to be aligned accordingly. The following figures show, how SP2 results of virtualized 

tangible assets are operationally linked to SP1 reference models on BSM as well as TIM 

level.8  

 

The figures show, that the BSM/TIM level concept of RESOURCE shall directly be linked to 

the output of our Virtualization Process (outlined in chapter 3.2), which is stored in the 

semantic concept of (PRODUCTION) FACTOR, representing virtualized real-world tangible 

as well as intangible assets. By introducing this link within linkedUSDL, additional well-

structured and consistent attributes per in-/tangible asset are introduced to the modelling 

environment provided in SP1 in order to ease the process of modelling and composing 

products and services on Ecosystem level that are consisting of In-/Tangible asset as a 

Service. 

 

This conceptual link ensures that MSEE use cases are able to further detail service models 

according to in- and tangible specifications derived from already performed virtualization 

activities. Future discussions will show how respective references between SP2 and SP1 

models are implemented by means of the SLMToolbox. 

 

                                            
 
 
 
 
8
 According to D11.1 there are several levels of detail within Service Models in MSEE: BSM (Business 

System Model) refers to the top-level of business related activities, roles, and assets (Extended 
Actigram and GRAI notation); TIM (Technology Independent Model) refers to the second level of 
abstraction, dealing with Resources, TSM (Technology Specific Model) IT means (BPNM notation) 
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Figure 20: Tangible Assets link to SP1 models in BSM level 

 

 

Figure 21: Tangible Assets link to SP1 models in TIM level 
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5 Conclusion 

To sum up the results of T23.1 documented in this deliverable one can conclude that tangible 

assets in manufacturing industries can be virtualized by applying the herein presented 

dedicated virtualization method, designed for domain-specific modelling and context-

sensitive capturing of real-life manufacturing assets. In particular the procedure for identifying 

tangible assets to be virtualised, and the mechanism for rules and constraints are important 

parts of the method. 

The outcomes of this virtualization method can be combined with virtualized intangible assets 

in order to build up innovative services (or products), which – themselves – will then be 

described by means of e.g. USDL service description language. 

The top-level semantics provided in this deliverable (which are further main results) are 

focusing on tangible assets. However, they can easily be extended towards intangible assets 

as well as organizational, procedural, and even abstract business assets in manufacturing 

industries. A holistic semantic model – developed in D23.3/.4 and implemented (in the next 

period) prototypically in D23.5/.6 – draws on the abovementioned findings and how merge 

them with D22.1.  

By introducing a dedicated link between the virtualized tangible assets (SP2 result) to linked 

USDL (SP1 necessity), additional well-structured and consistent attributes per in-/tangible 

asset are introduced to the modelling environment provided in SP1 in order to ease the 

process of modelling and composing products and services on Ecosystem level that are 

consisting of In-/Tangible asset as a Service. This can be considered the major contribution 

of the work performed in T23.1. 

The method for virtualization as well as templates and the taxonomy will be further tested 

and evaluated with respect to the requirements and outcomes of other MSEE work packages 

(e.g. requirements analysis & progress in industrial use cases) in SP6. 

 
… 
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