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rarely documented sufficiently and modification information is often not propagated back into
the original model. As a consequence, further development is prone to error, if it is directly
dependent on this information. investing a high amount of time for troubleshooting and rede-
velopment is the consequence. This paper proposes a novel model-driven approach which
allows for a simple acquisition of all available data concerning mixed production environ-
ments as well as their dependencies and requirements. This is necessary to enable the fu-
ture development of a partially automated modification-impact-analysis. To accomplish this,
we have to take a further look at the current development process. Facility planning is cur-
rently done on two different but closely intertwined levels. One level is comprised of the lay-
out planning, the other contains the planning of the process flow. The process flow is initially
planned by creating an assembly priority graph with a subsequent detailed planning of the
assembly instructions. Whereas part supply, positioning of facility components and therefore
transfer times hinge largely on the layout planning. Both planning levels are mostly done
separately, although an interactive combination of both planning processes right from the
start could be useful. In spite of the fact that the production time and efficiency of the facility
depends on both levels of planning, in most cases they are firstly integrated into an overall
concept at the virtual commissioning or commissioning phase. By creating a common model
for process and layout planning as well as modeling production dependencies and require-
ments a new way of interdisciplinary planning is made possible. Therefore the next section
will explain current elements of assembly planning as well as the potential data models in the
scenario of assembly planning. Afterwards the proposed combined model approach is ex-
plained as well as possible extensions of current assembly planning employing the model. In
conclusion further usage and possible future work using the combined model approach is
presented.

2. Assembly plant life cycle management

A lot of research and development has been done in the area of production planning, ranging
from layout planning to production process and flow planning [5]. The concept presented in
this paper extends current concepts using a model based approach for a combination of lay-
out, process and functional planning. The research project conexing [3] is used as a basis for
this approach. The conexing solution is an instrument for interdisciplinary planning and prod-
uct specific virtual optimization of automated production systems. The ambition of the project
is to connect every expert involved in the overall process interdisciplinary and across com-
panies from the design phase up to the virtual production review in one common working

environment. The common data structure is based on the Automation Markup Language
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specifies an operation or a workflow that a mixed assembly system must perform. in the do-
main of assembly, examples for nonfunctional requirements include performance require-
ments (assembled pieces per hour) or assembly tolerances. Also legal issues or physical
constraints are possible non-functional requirements. it is important to systematically capture
and specify the possible requirement types for mixed assembly system.

To facilitate this, SysML introduces in addition to UML the requirement diagram which allows
for modelling text-based requirements and their relationship to other requirements and to
other model elements [2]. Each requirement in SysML has a name, a unique identifier and a
text property for describing the requirement. Requirements can be decomposed into sub-
requirements (i.e. a containment relationship) or they can be derived from other require-
ments. A derive relationship is always based on an analysis and the rationale should be doc-
umented. Furthermore, requirements can be related to other model elements. The satisfy
relationship is used to assert that a system part satisfies a particular requirement. Using the
verify relationship, a test case can be added that verifies that a particular requirement is sat-
isfied.

However, requirements in SysML are only text-based and must be categorized and extended
with further properties to formally analyze it. For that purpose, SysML allows to derive new
requirement types with their relevant properties. We plan to use this feature to create a
SysML extension that includes all requirement types relevant for mixed assembly facilities.
By additionally creating new relationships between requirements or by extending existing
relationship, it will be possible to formally document the system’s requirements and to con-

nect them o the relevant system paris.

3.4. Dependency modelling

The goal is to create an integrated model which comprises all relevant information and inter-
connects this information. Without such a model! integrating all information during a system's
life cycle, it is likely (and typically the case in practice) that sooner or later the cohesion be-
tween the system and its description is lost. Hence, the system becomes unmaintainable. To
avoid this, it is necessary to support the documentation of an automation syster’s entire life
cycle [10].

The main idea is that the engineer starts with an abstract description of the cell under con-
struction. First, the model captures almost only the abstract requirements of the cell. The
functional requirements can contain brief descriptions of the tasks or processes that need to
be performed. However, also nonfunctional requirements such as performance, legal issues
or failure folerances are included. The information is refined adding more and more details.
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The precise cell infrastructure including its implements is added (cf. Sect. 3.1) and the tasks
that are performed are described (cf. Sect 3.2). Furthermore, requirements will be refined
and linked with model elements satisfying them. Therefore, the mechanisms available in
SysML are used (cf. Sect. 3.3) and extended to match the domain. These links are an essen-
tial part of the model and important for further development of the cell.

Task-requirement dependencies are necessary to validate that all functional requirements
are met. The functional requirements are refined and spilit into sub-requirement documenﬁng
the rationale for it. Depending on the formalism used to model tasks, the resulting functional
requirements match single assembly operations. However, it is important to mention that the
refinement process is essential for systems engineering. By modelling the relationship
among requirements and between requirements and tasks, it is possible to understand de-
sign decisions and rationales. Fig. 4 shows some of the functional and non-functional re-
quirements of the presented assembly cell example. The shown five functional requirements
are described briefly and informal. However, each functional requirement is mapped into a
set of assembly operations as Fig. 3 shows. Some requirements (especially timing con-
straints) span across a group of assembly operations. Hence, hierarchical grouping of as-
sembly operations is necessary for task-requirement dependencies.
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Fig. 4: Examples of dependencies between tasks requirements and implements.

Besides the links between requirements and tasks, single assembly operations must be
linked to implements. These task-implement dependencies are necessary to validate that
every task or assembly operation that is modeled has a counterpart that will perform the task.
Hence, every assembly operation requires a set of implements. Besides modeling the devic-
es, a comprehensive modelling includes the low-level behavior or programming as well as a
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