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Abstract. A new approach for the realization of self-adaptive and highly avail-
able production systems based on a context aware approach, allowing  
self-adaptation of flexible manufacturing processes in production systems and 
effective knowledge sharing to support maintenance, is presented. The usage of 
dynamically changing context as basis for adaptation of flexible manufacturing 
lines/processes and effective knowledge sharing is proposed. The presented so-
lution includes services for context extraction, adaptation and self-learning  
allowing high adaptation of production systems depending on the identified 
context. A generic architecture following Service Oriented Principles is pre-
sented allowing for integration of the proposed solution into various production 
systems. A successful initial application of the developed solution in real world 
manufacturing environment is presented. 
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1 Introduction 

The need for highly flexible manufacturing processes is nowadays indispensable. In 
order to enhance the availability and at the same time the efficiency of modern pro-
duction systems, two key requirements arise a) self-adaptation to support change of 
process parameters aiming at increasing flexibility and efficiency and b) effective 
knowledge acquisition / sharing to support maintenance increasing availability of 
production systems, as indicated in [1]. 

In order to realize such production systems, which are able to solve both above men-
tioned requirements, there is a clear need for powerful ICT infrastructures/solutions able 
to handle high amount of data, complex models and algorithms. Key challenge is to find 
a common approach for addressing these two problems: 

• To allow for a self-adaptation, production systems need advanced monitoring and 
control. Thereby changes (e.g. changing process parameters) need to be identified 
and used to (self) adapt control processes. 
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• To allow for knowledge sharing, production systems need advanced monitoring to 
allow enhancement of monitored knowledge in order to facilitate knowledge shar-
ing needed for effective maintenance. 

A service oriented approach promises new perspectives for realizing such self-
adaptive production systems. It is likely that approaches based on Service Oriented 
Architecture (SOA) principles, using distributed networked embedded services in 
device space (sensors, controllers etc.), are the most appropriate for implementation 
of such production systems in general. 

While successful application of SOA based principles in manufacturing lines is 
emerging, there is still a major challenge: 

How to realize reliable, production systems for complex manufacturing processes, 
which support both, self-adaption of process parameters and knowledge sharing to 
support improved maintenance of such production systems, while using a common 
approach. 

1.1 Research Question 

Taking the above mentioned major challenge and the related sub-challenges into ac-
count, a new innovative approach for future production systems is required, which 
raises the following research question: 

Which methods and tools are required, to allow for the realization of reliable 
production systems that are able to support both, self-adaption of production 
processes without the need to reprogram or reconfigure such manufacturing 
processes and knowledge sharing to support effective maintenance, increasing 
thereby availability and efficiency of complex manufacturing processes? 

The research question elaborated above can be addressed by the following two hy-
potheses: 

• Self-adaptive production systems can be achieved if a context aware approach is 
used to identify the current context of (complex) manufacturing processes and use 
this extracted context as a basis for self-adaptation of process parameters. 

• Effective sharing of knowledge in production systems can be achieved, if a context 
aware approach is used to identify the current context under which the knowledge 
is monitored and use this extracted context as foundation to support knowledge 
sharing, improving effective maintenance. 

2 Relationship to Internet of Things 

The application of context awareness within production systems to allow the realiza-
tion of self-adaptive and highly available systems may on one side lead to enormous 
benefits regarding availability and efficiency of production systems and, on the other 
side increase the implementation of such possibilities by using a generic solution 
which can be used in several scenarios (i.e. Control, Maintenance). 
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To allow for the realization of such solutions, the presented work describes a new 
approach for such self-adaptive production systems based on a context aware ap-
proach, allowing self-adaptation of flexible manufacturing processes in production 
systems. The usage of dynamically changing context of production lines, as well as 
changing ambient conditions, for adaptation of flexible manufacturing lines/processes 
based on the usage of connected sensors and machines, as well as scalable architec-
tures is proposed. 

3 Survey of the State of the Art 

This section gives a brief overview of the state-of-the-art for RTD topics which are 
relevant for the presented approach. 

In the area of self-learning production systems, the research has demonstrated that 
the application of machine learning techniques, dynamic self-adaptation and opera-
tor’s feedback in the loop promises to increase the intelligence of the overall system. 
In this approach, machine learns whenever it changes its structure, program, or data 
based on inputs or in response to external information in such a manner that its overall 
performance is expected to improve [2], [3], [4]. In production systems in particular, 
these methods have been proven to be especially useful for monitoring/diagnosis [5], 
[6], [7] and control [8]. However, the applications of self-adaptation of production 
systems and learning in industrial practice are still in initial phase. In this paper a 
novel approach in production systems is presented, which is context aware, adaptive 
to contextual changes at run time and learns from adaptation and operator’s action. 

Of high interest for the work presented in this paper is Service Oriented Architecture 
(SOA) in manufacturing i.e. the relation between self-learning production systems and 
SOA. SOA gained popularity with the advancement of web service technologies in 
industrial networks. For example, Devices Profile for Web Services (DPWS) allows 
devices with embedding computing capabilities, sensors, actuators etc. to interact within 
the industrial network and enabling SOA integration to higher levels [9]. OPC Unified 
Architecture is the recent OLE (Object Linking and Embedding) for process control 
(OPC) specification from the OPC Foundation and differs significantly from its prede-
cessors. The Foundation's goal was to provide a path forward from the original OPC 
communications model (namely COM/DCOM) to a cross-platform SOA for process 
control, while enhancing security and providing an information model [10]. Scalable 
SOA holds promise for seamless integration, interoperation and flexibility in manufac-
turing environment. But, there is a lack of adoption of overall SOA based self-adaptive 
production systems in discrete manufacturing environment. 

Context awareness is widely applied in modern ICT solutions. Different approach-
es to context modeling are developed, where ontology based context modeling is 
mostly investigated. Based on the formal description of context information, context 
can be processed with contextual reasoning mechanisms. Since contextual informa-
tion has some inherent features (it can be considered incomplete, temporal, and inter-
related) context reasoning can exploit reasoning mechanisms to deduce high level, 
inferred context from low-level raw contextual information. Furthermore, contextual 
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reasoning can be used to verify and possibly solve inconsistent context knowledge 
due to imperfect input. For example, Luther et al. [11] show the needs for ontology 
support and reasoning in mobile applications; their case study is conducted with the 
Protégé knowledge workbench [12] for ontology modeling and OWL editing, and the 
RACER inference engine [13] for proof checking, ontology validation and classifica-
tion. A more flexible use of ontological reasoning is presented in [26]. Their frame-
work utilizes context-awareness for service classification. 

Application of context awareness for SOA based self-learning production systems 
has not yet been sufficiently investigated. The approach proposed in this paper applies 
the ontology based context modeling, and re-use of experience of other projects [14], 
for context extraction in highly flexible and dynamic self-learning production systems 
[15]. 

4 Proposed Approach to Identify Context 

The key assumption is that the extraction of current context is the foundation for self-
adaptation / self-configuration of service-oriented production systems on one side, as 
well as for knowledge sharing to support effective maintenance. The application of 
such a context aware approach based on extraction of dynamically changing current 
context seems to be an effective way to assure availability and efficiency of modern, 
flexible production systems.  

In a more detail, the assumption is that it is possible to gain more efficient embed-
ded services by using context awareness than by using classical embedded services. 
The foundation of such context aware services is data, which will be gathered from 
various sources (e.g. sensors, inputs of the human operator, etc.). This information 
will be used to identify the current context of the services, which is realized via moni-
toring services, which are, for example, services for monitoring of sensors or of a user 
interacting with a system. These Monitoring services will transform all monitored 
information into a "standardized" matrix/action which is used to extract the current 
context. The extraction uses the Monitoring/Action Matrix together with context rea-
soning methods to identify the context. Basis of the context identification is a context 
model for device spaces. The context model consists of a generic model, to allow for 
effective use of different application domains, and a specific model which instantiates 
generic concepts to allow for optimal adjustment to the domain. In order to allow 
context extraction to produce tangible results, a well-defined context model is crucial. 

The identified context will be used to a) allow embedded services to adopt their 
behavior according to the identified context (e.g. change of process parameters) 
and/or b) support sharing of knowledge of production processes according to the iden-
tified context (e.g. identify necessary maintenance tasks). 

The objective of the presented work is to realize a context aware approach which 
can be used as a common solution for the realization of self-adaptive production  
systems and effective knowledge sharing to support effective maintenance in such 
production systems. The aim is to develop a generic solution, which can be used in 
several scenarios (i.e. Control, Maintenance) and various domains [16], [17], [18]. 
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• Data Processing: This module is responsible for the pre-processing of monitored 
raw data acquired via the data access layer, before the context will be identified. 
Main functionality will be the normalization of monitored data to transform the 
raw data in a format which serves as basis for context identification 

 

 

Fig. 2. Context Extractor Architecture 

• Context Identifier: Main component of the Context Extractor. It is responsible for 
the identification of the current context, based on monitored raw data, the ontology 
and historic context information stored in the context repository. 

• Rule Engine: Responsible for providing rules for the identification of context. 
• User Interfaces: User interfaces for maintaining and administering the rules and 

the context repository. 
• Model Repositories: Inside the Context Repository the identified context will be 

stored for further processing and reuse. Model Repository is used for the ontology.  
• Business Case Specific Modules: This module is a placeholder and represents all 

components and user interfaces which needs to be developed for each business 
case individually. 

5 Application 

The presented concept has been developed following SOA principles and initially 
applied in different application scenarios. These application scenarios belong to dif-
ferent industrial sectors. 

One of these application scenarios addresses control systems/machines and automa-
tion systems for shoe industry. The overall objective is to enhance machines with self-
adaptive functionalities by allowing machines to inspect statistically the condition of 
products and equipment, report and analyze proactively the gathered statistic values, 
enabling the machines to decide and adapt the parameters and keep them always inside 
the “optimized” working range. The objective is to achieve high adaptation of the ma-
chines to the changing conditions. The parameter variations are in terms of pressure and 
temperature, speed frequencies of drives and pumps, proper material mix ratio and  
filling of materials into shoe forms. For example, one of the scenarios addresses synchro-
nicity of the different valve circuits when dosing of several components, caused by e.g. 



216 S. Scholze, J. Barata, and O. Kotte 

different force requirements or different air supply. As the valve synchronization is de-
signed by an electronic system with different valve opening times, and/or due to valve 
abrasion, it may come to flaws in the product. Currently the synchronization can only be 
adjusted by a technician during downtime of the machines. By implementation of the 
proposed self-adaptive solution an automatic adjustment of the valve switching to differ-
ent conditions is achieved. The advantage of having such an intelligent solution for the 
valve synchronizations is that it provides a basis for preventive maintenance.  

The implementation of the proposed self-adaptive solution for the automatic ad-
justment of machine parameters based on changing context, for example changing 
ambient conditions, leads to minimization of errors and keeps the machine utilization 
high, as well as the overall product quality. The context extraction serves as a basis 
for identifying machine adjustment parameters. 

6 Conclusions and Further Work 

A novel approach for the realization of self-adaptive and highly available production 
systems is presented. The proposed solution addresses the adaptation of process pa-
rameters based on a context aware approach. 

Further research will focus on advanced algorithms for self-learning based on ex-
tracted context to (semi-)automatically update the context model. In addition the con-
text model itself will be addressed by further research to allow better utilization of the 
presented model for other companies as well as for other application domains. High 
complexity of data acquisition and real-time data analysis algorithms will be ad-
dressed in further research to “fully” utilize the opportunities offered by service-based 
self-learning systems. 
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