
Proceedings of the 2012 Winter Simulation Conference 
Laroque, J. Himmelspach, R. Pasupathy, O. Rose, and A.M. Uhrmacher, eds 
 
 

WEB-BASED VALUE STREAM ORIENTED SIMULATION OF PRODUCTION CONTROL 
 
 

Guenther Schuh 
Till Potente 

Christina Thomas 
Annika Hauptvogel 
Christiane Mueller 
Astrid Stollwerk 

 
Technical University of Aachen 

Steinbachstr. 19 
D-52074 Aachen, GERMANY 

 
 
 
ABSTRACT 

Production control faces the challenge to cope with high market dynamics and high complexity in produc-
tion structures. Therefore, simulation is often used to configure production control properly. Today, the 
generation and configuration of these simulation models need expert knowledge and cause high costs. 
The presented approach shows how simulation models can be generated in short times and without expert 
knowledge within simulation. Therefore a web-based platform is configured, which enables the employ-
ees to generate a simulation model of the production. Since the structure of these simulation models is 
modular, the employees can upload input data and chose different strategies of production control by 
themselves in order to optimize their current production control. By integration of employees within the 
simulation generation process, the acceptance in simulation and in simulation results increases. 

1 INTRODUCTION 

Nowadays manufacturing companies are more and more faced with complicated production structures 
and a wide range of products caused by individual and high customer demands. The aim is to combine a 
high level of quality with short and reliable runtimes and as low costs as possible (Steven 2007). 

Dealing with this complexity is a big challenge for production planning and operations management. 
There is a need to compare different scenarios and their impact on relevant key data such as costs, 
runtimes etc. One way to handle this issue is to use simulation. Simulation is applied to ensure the feasi-
bility of planning concepts, to discover rationalization possibilities and to assist in decision making. There 
is a wide range of simulation paradigms in the area of production and logistics. In the planning phase, 
simulation is used to support the planning and dimensioning of production systems and the design of pro-
cess alternatives and control strategies (Lödding 2010). In the operation phase it visualizes and optimizes 
complex processes to assist in management information systems and in decision making. Furthermore, 
virtual commissioning as emulation for the real system has become more important in the recent past 
(Boer 2008).  

Another trend is to incorporate existing web technology. Using web-based simulation tools provides 
close monitoring for the evolution of the simulation project, enhances the coordination and communica-
tion of the simulation participants, identifies and resolves conflicts that may arise in the simulation team 
and creates virtual simulation expert communities (Kehris 2009). Using one platform with the possibility 
of choosing one of various interfaces encourages the collaboration of several participants and different 
aspects as well as point of views can be combined. 
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However, the modeling process of high quality models which are verified and validated is time con-

suming and requires a lot of expertise in different knowledge areas including computer sciences, econom-
ic sciences, mechanical and industrial engineering and statistics. Therefore the usage of simulation is 
linked with high costs. That is an issue, especially for smaller and middle sized companies. 

Consequently the aim of this paper is to introduce a web-based simulation model which supports op-
erators within the configuration of production control. 

2 STATE OF THE ART 

In order to reduce the costs for the generation of simulation models, which are supportive to configure 
and optimize the production control, an automatic generation of simulation models is used. In such ap-
proaches of automatic (or semi-automatic) model generation, a simulation model is not created manually 
but is generated from external data sources (Eckhardt 2002).  

There are different possibilities to classify the approaches for semi-automatic model generation. Eck-
hardt (2002) divides the approaches into three categories:  

1. Parametric approaches: Models are generated from existing simulation building blocks stored  
  in simulation libraries, which are selected and configured based on parameters. 

2. Structural  approaches: Model generation is based on data describing the structure of a system  
  typically in the form of factory layout data from relevant CAD-systems. 

3. Hybrid-knowledge-based approaches: These approaches combine artificial intelligence methods 
with both of the above approaches. Examples of artificial intelligence methods being used are da-
ta mining or neuronal networks. They facilitate e.g. pattern recognition in production data which 
have to be represented within the simulation (Strassburger 2010). 

According to Strassburger (2010) most of today’s approaches are hybrid because of using both, para-
metric and structural data. 

The difficulty in modeling complex manufacturing systems is the mapping of strategies used in the 
production control. Therefore, Rooks (2009) deals with the issue that automatic generated models can 
hardly simulate complex system behavior. His approach is to replace missing specification of the planner, 
by an expert. Selke (2004) gives another approach to deal with the complicacy. He identifies strategies by 
analyzing the status data of the real system. Herby he regards production control strategies and decisions 
taken by humans. An intervention of planners is not needed. Therefore the acceptance is dubious. 

Mutability is a factor of success for manufacturing companies. There is a need to establish reaction 
scenarios on market changes (Wiendahl 2009). Therefore it is crucial to use planning instruments for 
adaptive systems, such as modular simulation models. Wenzel (2011) illustrates how to construct and to 
realize the modular design of simulation models. The standardization of custom designed components and 
the modularization are instruments to improve model-based planning. Flexible factories involve new chal-
lenges for construction and usage of simulation models with re-usable modules for different branches. 
Wenzel (2011) defines a module as a combination of individual components such as workplaces, buffers 
or lists. The modules used are adapted towards the present problem. 

Nevertheless, all presented approaches of proper simulation generation require high expert knowledge 
in order to develop simulation models reflecting the reality exactly. Another challenge is to achieve ac-
ceptance of the simulation model amongst all participating operators.  

3 CHALLENGES OF PRODUCTION CONTROL 

In recent years, delivery times reduced dramatically, in some branches up to 50 %. This has changed the 
order situation and increased the demand for flexible capacities (Wiendahl 2005). In order to achieve the 
necessary decrease in throughput times, an adequate design of production control is required. The optimi-
zation process is based on employee’s knowledge on the one hand and adequate software support on the 
other hand.  
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Within the following paragraphs the paper will take a closer look on some of the challenges the pro-

duction control has to deal with. 

3.1 Internal Influences on Production Control 

The dynamic in the production has internal influencing factors. Following Schuh (2011) several internal 
influencing factors are for example 

- changes of sequences, 
- premature order release and capacity overload, 
- other short-termed control interventions, and  
- nontransparent control strategies in the IT systems.  
Especially in companies aiming at high customer satisfaction through high flexibility and customiza-

bility it can be observed that the production flow is interrupted very often by rush orders as well as many 
changes of production sequences. This behavior leads to increasing throughput times for all other orders. 
Consequently a rising number of rush orders has to be created leading again to more interruptions. Anoth-
er measure is premature order release bringing about capacity overload. An increasing work in process 
enlarges waiting lines and the scattering of throughput times. These kinds of short-term control interven-
tions reinforce the internal dynamic and therefore have a negative impact on the predictability of the pro-
duction output. As a result, the optimizing of single orders leads to a reduction of the overall performance 
of production (Nyhuis 2008). 

Furthermore there is a lack of easy visualization and analysis of these correlations. 

3.2 Process Understanding of Employees 

Another challenge is to increase transparency of the installed control logic and to extend operators’ un-
derstanding why solutions have been installed. Since the options of different configurations of production 
control are immense, a number of predictable, irrational decisions are made (Schuh 2011). These deci-
sions lead to a poor performance in fulfilling the logistic targets in production because they are often 
counterproductive to the tasks already fulfilled by the control logic. For example within multiple-machine 
operation, the workers decide about the short term sequence in the context of disturbances like missing 
parts or other statistical parameters. Since operators do not have the essential process understanding and 
context information, irrational decisions are made. Decisions which require a certain context cannot be 
made by some superior planning division. They have to be made in a decentralized manner, close to the 
process where the context is still available to the decision maker. By reason of missing information and 
transparency as well as a deficient ability to evaluate the scope of decisions, a systematic support of de-
centralized decision making process does not take place sufficiently today (Schuh 2009). 

3.3 Wrong Configuration of Production Control 

Today there is a wide range of production control concepts. The experiences in the industry show that dif-
ferent strategies are applied, without knowing their characteristics and their interaction (Schuh 2010a). 
Therefore it is very difficult to find the right configuration of the optimal production control.  

The constant development of new methods of production control like Manufacturing Resource Plan-
ning (MRP), Kanban or CONWIP offered new possibilities on the one hand but led to a selection problem 
on the other (Gaury 2000). With an increasing number of alternatives of different methods, the ad-
vantages of a high availability of alternatives turns into a burden (Lödding 2003). The high complexity of 
the decision process makes it very often ineffective (Schwartz 2005). 

In addition to the problem mentioned above, wrong configuration of production control can also oc-
cur due to the so called polylemma of production planning (Muenzberg 2009). The polylemma of the 
production planning describes a conflict between four competing goals. These competing goals are the 
following: 

- Minimization of the throughput times, 
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means that there are no rules for specific companies included. Those internal rules (e.g. automatic 
transport systems between machines) can be implemented if demanded by a certain customer. 

5 CONCLUSION AND OUTLOOK 

The presented approach describes simulation model generation by using operating data of real production 
systems. By using this model, no simulation expert knowledge is required. The advantage of this web-
based value stream oriented simulation model is it’s modular structure and it’s simple adaptability. Fur-
thermore, the user is supported within his decision making process by easy to understandable web-
surface. By integration of employees within the simulation generation process, the acceptance in simula-
tion and in simulation results increases.  
The next step is to validate the generated model automatically. Therefore, results of simulation are com-
pared with real production data. In case of bigger deviation, the simulation model will be adapted. After 
validation of the simulation model, optimizations of the production control can be made by exchanging 
the described control modules for job creation, job release, sequencing and operational capacity control. 
The user will be able to automatically receive the optimized controlling and sequencing parameters as 
well as their optimization potential. This will be done with the help of genetic algorithms. Therefore, the 
user has to describe its optimization goal like e.g. delivery accuracy or throughput time. 
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