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Abstract. The approach of Industrial Product-Service Systems (IPS²) focuses 
on providing added value by integrating products and services. The complexity 
of their multi-disciplinary planning and development calls for methods and 
tools to support this integrated process. Therefore, the authoring tool “IPS² as-
sistance system” has been developed, which represents an extensible framework 
and supports the entire IPS² planning and development process. For the imple-
mentation of this authoring tool, a general data model of IPS² is needed which 
helps with the management and exchange of phase-specific and discipline-
specific data and results. 

For the generation of this model, the phases of the planning and develop-
ment of IPS² are examined based on a generic IPS² development process. The 
results of each phase (discipline-specific data) and their relations to each other 
are then defined and included in the data model. 

Keywords: IPS² development, IPS² data model, IPS² authoring tool, Industrial 
Product-Service Systems, IT support. 

1 Introduction 

Industrial Product-Service Systems (IPS²) consist of integrated, interacting product 
and service elements and create an additional benefit throughout their lifecycle for 
customers and suppliers in the context of industrial applications [1-3]. 

Machine tool manufacturers often sell add-on services with the physical product, 
i.e. the machine tool. The influence of service aspects in the design and the use of the 
product are not considered, however, even though the revenue generated by industrial 
services is increasing. Thus, potentials are created by the integration of products and 
services over the entire lifecycle [4], [5]. 

IPS² represent customized solutions and allow a flexible adaptation to changing re-
quirements of both customers and suppliers by the resulting solution space [6]. The 
extension of the solution space increases the organizational complexity, because the 
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time dimension of the service elements contained in the Industrial Product-Service 
Systems sets special requirements for tools and methods of the IPS² provider [7]. 

IPS² product and service elements depend on and influence each other and, there-
fore, need to be developed together as an integrated system. This puts high demands 
in regard to technical knowledge from different domains (esp. in both fields of  
product design and service engineering) as well as to the process complexity and or-
ganizational complexity. Also, it is necessary to take the interdependencies between 
products and services into account with concurrent and iterative development (sub) 
processes until contradictions are eliminated and the best solution is reached. 

Moreover, a holistic view on the lifecycle of the IPS² should be applied in order to 
obtain the best solution, because the use phase moves into focus of the IPS² provider. 
The responsibility of the provider and the business relation with the customer do not 
end after shipping the product. All of these facts show that IPS² development is more 
demanding in contrast to conventional product design or service engineering [7]. 

While IT support for product design has been available for decades, IT tools for 
service engineering still have a relatively young history, and the integrated develop-
ment is just emerging in the research field. IPS² development requires many different 
partial models resulting from various domains and development phases. However, 
smooth collaboration requires access to the latest development data across the entire 
value chain. Also, homogeneous environments are a success factor for development 
projects. They enable efficient data exchange and synchronization of project members 
and between different disciplines. 

In order to support IPS² developer during the entire planning and development 
process, the authoring tool “IPS² assistance system” has been developed [8]. For the 
implementation of this authoring tool, a general data model of IPS² is needed which 
helps with the management and exchange of phase-specific and discipline-specific 
data and results. 

2 IT Support System for the Integrated IPS² Development as a 
Scope for the General Data Model 

The IT-based authoring tool “IPS² assistance system”, developed at the Institute for 
Machine Tools and Factory Management of TU Berlin, supports the integrated plan-
ning and development processes of Industrial Product-Service Systems. This software 
system guides and supports the developer along the integrated development processes 
of products and pertinent services while constantly considering their mutual interde-
pendencies starting at the earliest development phase. In order to reduce the  
complexity of the development task, the developer is provided with product-service 
module (PSM) libraries and technology databases containing aggregated knowledge 
about products, services, processes and pre-developed module solutions. 

The partial models (specific models used in the respective planning and develop-
ment phases) have to be combined within a consistent user interface. Since IPS² de-
velopment aims at customized solutions, the aspect of customer interaction has to be 
taken into account by providing interfaces to the customer. The software system also 
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has to be designed to permit an iterative development process. Feedback of changed 
or extended requirements needs to be included in the following development cycle in 
order to approach or reach the best solution for the customer. Finally, the architecture 
of the IPS² assistance system needs to be extensible in order to include other partial 
models. 

Figure 1 depicts the software architecture of the IPS² assistance system, which has 
a modular structure and serves as a framework for the integration of software modules 
and partial data models that correspond to the respective process steps. So far the 
following software modules have been implemented: identification of customer and 
provider needs and their transformation into requirements, the IPS² configuration 
module together with the product-service module library and compatibility informa-
tion database. A top-down approach has been applied to the task, so that after examin-
ing the creation of IPS² from pre-developed product-service modules, the research is 
now focusing in more detail on the creation of the product-service modules, consist-
ing of product and service elements, and the detailed interdependencies between these 
elements [9]. For this framework, the general data model of IPS² has been developed 
in order to manage and standardize the exchange of phase-specific and discipline-
specific data and results in the established industry standard XML. 

 
 

 

Fig. 1. Modular software architecture of the IPS² assistance system [9] 
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3 Process for the Planning and Development of Industrial 
Product-Service Systems 

For the development of physical products as well as IT systems, a number of metho-
dologies exist which define the development process from abstract to detailed levels. 
Widespread methodologies are the VDI guideline 2221, the methodology of 
Pahl/Beitz and for software the V-Model [10-12]. The development and delivery of 
services are not well specified. In [13] a very rough and abstract phase model for 
service development is introduced. Service classes in the engineering field are defined 
in [14] and service delivery described in [13]. A concept for service design with a 
lifecycle context is outlined in [15]. Detailed process models for service development 
are missing at present. 

In the IPS² domain, many generic development concepts and approaches with dif-
ferent focuses have been proposed. For instance, among others, Sakao and Shimomu-
ra have proposed a generic method which has its focus on service design [16]. In the 
field of Eco-Design, a design process for PSS eco-innovation has been proposed [17]. 

In this paper, the generic IPS² development process proposed by Müller [18] will 
be used as a basis to derive an IPS² development process, which sets the scope for the 
generation of the general data model. 

Although the generic IPS² development process fulfils its purpose as a communica-
tion basis by describing IPS² related issues, it is not suitable to serve as a basis to 
derive a general IPS² data model, because it does not contain any specific results of 
development phases. Therefore, an extended process for the planning and develop-
ment of IPS² has been developed, which contains milestones and results of develop-
ment phases (Figure 2). The process has been divided into four phases (planning, 
concept modeling, specification and modularization, embodiment and detailed design) 
with detailed description and results of its execution. This increases the understanding 
for a flow of this specific development process. Between the phases, milestones have 
been defined. They serve as orientation points, at which results of phases are reviewed 
and decisions are made whether or not to start the next phase. Iterative feedback loops 
are not shown in the figure for simplicity reasons. 

3.1 Planning of Industrial Product-Service Systems 

The planning of IPS² starts with an acquisition of customer needs and values in the 
planning phase. The integration of the customer in the planning and development is a 
key point for providing IPS², which in most cases is a customized solution. Apart 
from customer specific factors (e.g. competences, business strategies, production 
processes) also external factors like legislation, infrastructure, market, competitors, 
etc. have to be considered at this stage. 

As a next step, IPS² requirements are derived from the customer needs. While 
needs, expressed explicitly or implicitly, describe the problem of the customer, re-
quirements are solution-neutral descriptions of the behavior of an IPS² both from a 
customer and provider view [19]. 
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Fig. 2. Simplified IPS² planning and development process derived from [18] 

Simultaneously, a use model is determined that benefits both the customer and the 
IPS² provider. A use model describes the usage of the IPS² and the resulting require-
ments in a specific business case. 

3.2 Concept Modeling of Industrial Product-Service Systems 

From the inputs, the IPS² requirement specification and the IPS² use model, a function 
structure and a concept model are generated in the concept modeling phase. The func-
tion structure is a representation of the intended behavior (the functions) of an IPS² 
and its modules without specifying an IPS² module (product or service), which should 
fulfill the function. For example, a function “temperature monitoring” describes a 
functional behavior of an IPS², which provides the exact temperature of a product 
element that is needed for maintenance. 

A concept model includes a function model and principle solutions of an IPS². It 
describes the structural interaction between them and their logical functionality [20]. 
A principle solution for the function described above could be a temperature sensor 
together with an analysis tool. 

At the same time a customer specific business model is developed based on the 
IPS² use model. A business model is defined as a business relationship between pro-
vider and customer as well as any third parties over the lifecycle of an IPS². It de-
scribes benefits, yield mechanisms, risk allocation, and an ownership of all parties in 
the IPS² network and the organizational implementation [21]. For example, an availa-
bility oriented business model resulting from an availability oriented use model, de-
termines a maintenance contract in order to ensure the functional availability of a 
machine tool over an agreed period of time [22]. Additionally, responsibilities are 
defined for machine tool failure. 

3.3 Modularization and Specification of Industrial Product-Service Systems 

Based on the concept model, product-service modules can be defined and specified 
for an IPS². The concept of subdividing an IPS² into PSMs is borrowed from systems 
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engineering, which defines a system as a composition of various subsystems for better 
handling. This means IPS² is a system, a PSM is a subsystem. A PSM consists of 
product and service elements in variable proportions and fulfils one or more func-
tions. Thus, a PSM can take three forms: PSM composed of both product and service 
elements; PSM with product elements only, and PSM with service elements [8]. 

In addition to the specification and definition of PSMs, it is necessary to develop 
important aspects of integration of PSMs into IPS² like ICT infrastructure as well as 
synchronization processes. Together, they build an IPS² architecture. 

3.4 Embodiment and Detailed Design of Industrial Product-Service Systems 

In this phase variants and possible solutions are generated and evaluated. Existing 
PSMs from a PSM library are assessed in the IPS² configuration step with respect to 
their suitability for the new IPS². PSMs not yet included in the PSM library, must be 
developed in parallel development processes. The methodology resembles the devel-
opment of the IPS² on a higher level. Each PSM requires planning (derivation of  
requirements for PSM), concept modeling (generation of concepts for PSM), specifi-
cation and modularization (second level). Finally, product and service elements of the 
PSMs are drafted and designed. Typically, the embodiment and detailed design of 
PSMs is discipline-specific, for which the market offers many software tools (e.g. 
CAD for technical systems, IDE for software development, process modeling for 
service descriptions). For integrated development, however, the interdependencies 
between the IPS² elements must be considered.  

4 Requirements to the IPS² Data Model 

The partial models of the planning and development phases, and thus also the soft-
ware modules of the IPS² assistance system that support the respective phases, differ 
substantially. They form a very heterogeneous system with diverse data formats. In 
order to enable efficient data exchange and improve communication between devel-
opment phases, a general data model of IPS² for the authoring tool IPS² assistance 
system is needed. A data model defines the structure and intended meaning of data 
[23]. The general IPS² data model should 

• support the entire planning and development process across all process phases, 
• allow for development of a concrete IPS² instance for a particular customer, 
• allow the management of data for IPS² authoring, 
• represent all the different elements of IPS², 
• allow the modeling of the interdependencies between the IPS² elements (essential 

due to the focus on an integrated development), 
• allow for combining IPS² elements to modules and thus a modularization of IPS², 
• carry along results across phase borders, 
• be generic, not domain specific, 
• allow traceability of results from preceding phases and process steps, 
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• preferably be simple, not too complex, 
• be flexible and extensible, 
• contain different views on the model and 
• allow links between partial models. 

5 General Data Model for Industrial Product-Service Systems 

5.1 Data Structure of the General IPS² Data Model 

Based on the requirements defined in section 4, the general data model is being de-
veloped (Figure 3). The first step is to identify the model elements. Primarily, the 
elements will be intermediate results of the entire planning and development process, 
which are generated during the aforementioned phases. In particular such results are 
of interest which are necessary inputs for subsequent phases, because of the focus on 
supporting the planning and development and allowing the traceability of results 
across all phases. 

The root element is the particular IPS² instance that needs to be developed. It is de-
rived from a specific inquiry or order of a customer. The IPS² model element serves 
as a container for the following elements, which are associated directly or indirectly 
with this IPS² instance. 

The needs and the IPS² requirements specification from the planning phase form 
the direct basis for all development steps. The results of the development phases must 
at any time meet the needs of the customer and provider, which should constantly be 
checked. The IPS² use model is another result of the planning phase. It is included in 
the IPS² business model, which is further developed in the concept modeling phase. 

Business model, contract, IPS² function structure and IPS² concept are essential 
elements from the concept modeling phase. A revenue model is added to the IPS² use 
model. Together with the value configuration they form the IPS² business model [22]. 
The contract creates an institutional framework, which regulates the rights, duties and 
responsibilities and establishes the business relation between the IPS² provider and 
the customer [21]. The contract model element is gradually completed from a basic 
structure to the final contract. The IPS² function structure has a hierarchical composi-
tion with higher-level and lower-level functions. This is modeled by the self-referring 
relationship. 

During the modularization and specification phase at system level, an IPS² archi-
tecture is derived from the concept, and principle solutions are merged into product-
service modules. The IPS² architecture describes how the PSMs integrate with each 
other and form the IPS² as a whole. 

The PSMs are subsequently designed and detailed in the drafting and design phase 
and consist of product and service elements. Components of product elements can 
have a mechanic, electric/electronic or a software based nature. The discipline-
specific development results like 3D-CAD models, EDA (Electronic Design Automa-
tion) models, simulation models and source code as well as platform-specific  
executable programs are stored here as product elements. The service elements  
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consist of processes (which include process steps and their sequence) and resources 
(which can be personnel, tools, consumables or auxiliary equipment). 

The model elements are connected by relationships, which add semantics to the 
UML model. The following types of relationships have been used in the general IPS² 
data model: association, composition and generalization. 

An association relationship is a structural relationship between two model ele-
ments, which shows that objects of one element connect objects and can navigate to 
objects of another element. A composition relationship is a type of aggregation and 
represents a relationship between an element that is a part of or subordinate to another 
element. A generalization relationship indicates that a specialized child element is 
based on a general parent element [24]. 

 

 
Fig. 3. The general IPS² data model 
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Fig. 4. Interdependencies in the general IPS² data model 

In general the associations used in the model result directly from the order of the 
planning and development steps. Additionally, crosslinks have been inserted to incor-
porate multiple partial models or results from one phase and from parallel process 
steps. 

The composition at the IPS² model element denotes the modularization concept of 
IPS². IPS² consist of one or more product-service modules, which in turn are com-
posed of product and service elements. The latter are formed by the set of process and 
resource. The composition relationship has been used in this case because the devel-
opment of a particular IPS² instance is concerned. Therefore, the model elements 
represent concrete instances of results of each phase and are valid only for this partic-
ular IPS² instance. 

The product element is the generalization of the disciplines mechanics, elec-
trics/electronics and software. Thus, a PSM can consist of and fulfill its function by 
components from the three disciplines and/or processes that are executed by or with 
the help of resources. This reflects the substitutability between solution variants for 
one function, which can be product-centric or service-centric or even consist of only 
one element type. 

5.2 Interdependencies between IPS² Elements 

The integrated development of IPS² makes it necessary to describe the interdependen-
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line-specific components as well as the processes and resources. The attributes of 

*

** ** * *

* **
*

**

***

**

*

* *



530 H. Bochnig et al. 

 

these components, processes and resources are on the last and most detailed level. In 
this context attributes are characteristics or properties of the components, processes 
and resources like object mass, duration of a process step and qualification of a  
technician. 

 

Fig. 5. Simplified model of interdependencies in general IPS² data model 
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be removed. The lifting of a heavy object during the manual execution of a process is 
another example. The maximum permitted weight of the product varies and depends 
on the use of a lifting device. Finally, the minimum qualification of service technician 
depends on the specific type of a product. 

The interdependency relationships in figure 4 have been modeled extensively. In 
order to reduce the complexity of the model, a simplified model has been derived. In 
figure 5 the generalization relationship has been used to save the detailed relation-
ships between process and resource on one side and the discipline-specific compo-
nents on the other side as well as their self-references. Due to the generalization  
concept, one relationship each from the process and resource elements, and one self-
reference at the product element, suffice to describe the same relationships. 

6 Conclusion and Outlook 

For the integrated development of complex systems, such as IPS², new methods and 
tools are needed. However, IT support for the integrated development of IPS² is hard 
to find and no standards exist for the exchange of IPS² data within an IPS² authoring 
tool during the entire planning and development phases. 

To overcome these difficulties, a general data model has been developed and im-
plemented in the authoring tool “IPS² assistance system”, which supports the entire 
IPS² planning and development. The data model includes partial models from all the 
phases of IPS² planning and development. Furthermore, it describes possible interde-
pendencies between product and service elements in detailed as well as in simplified 
form. 

As a next step the general IPS² data model shall be customized and detailed for 
specific industry cases and tested with various information standards, documents and 
models in the respective industry sector. It can be extended to integrate existing IT 
systems into the IPS² assistance system. For this purpose interfaces for data exchange 
need to be implemented. 
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