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1. Introduction 
Design models are recommendations for action. They assist the designer during the proceeding and 
help him to recognise the situation and the corresponding steps to go. Design models are influenced by 
different engineering cultures and point of views in research. Blessing [Blessing, 1996] compared 
descriptive and prescriptive models within the mechanical engineering design. In mechatronics the 
situation is still more complex. The design is worked out synergistically by the three domains 
mechanics, electronics and information technology which are characterised by their own ways of 
thinking, nomenclatures and experiences. Therefore a huge variety of design models exists, however 
hardly any mechatronic-specific design model in a cross-domain sense. Existing mechatronic-specific 
design models are often modified design models of one domain, e.g. the popular v-model of software 
engineering [Rothfuß et al., 2002], the design model of mechanical engineering [Kallenbach et al., 
1999] or the proceeding in control engineering [Isermann, 1996]. An established mechatronic-specific 
model integrating the domains in a cross-domain and equal treated way is missing.  

2. Research objectives   
In order to come to an understanding within the different domains and to develop a common design 
proceeding systematically, it is necessary to know the differences and the common points of the 
domain-specific proceedings. Design proceeding can be visualised in different ways, e.g. as phase-
milestone-diagram (VDI 2221), as v-shape (v-model of software engineering) or as y-model 
(electronics). Each visualisation tries to point out special aspects. Facing the number of existing design 
models and their heterogeneous representation it is difficult to identify and to compare the 
particularities.  
It is the objective: 

• to develop a standardising approach to describe and to compare design models  
• to extract and visualise the particularities of the different models clearly 
• to analyse the main differences of design models in the context of mechatronics 
• to suggest a cross-domain proceeding for mechatronics treating equally the involved domains. 

A more detailed description can be found in [Möhringer, 2003]. 
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3. A standardising approach to describe design models 
The specific graphical representation of the design models is transferred to a standardised 
representation. In order to increase the degrees of freedom the two-dimensional design model is 
transferred to a three-dimensional design space, e.g. [Grabowski, 1997]. It consists in a cube 
(imaginary design space) with the following 3 dimensions (fig. 1):  
1) phases (or design steps),  
2) results of these phases (as product states) and  
3) a specific dimension which can be marked differently e.g. product maturity, processes or view 

levels.  
The design process runs as a sequence of activities (represented as balls) within this cube. For each 
activity the designer can be supported by methods and tools. Arrows are connecting the activities and 
show the proceeding direction. The design strategy e.g. cyclical, sequential etc. can be visualised as a 
big arrow. Iterations are represented as dotted lines. Process modules can be created bundling a 
sequence of activities. Such process modules are useful when activities are processed repeatedly.  
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Figure 1. Standardising approach to describe design models 

With the help of these graphical constructs as shown before, the essential properties of different design 
models can be represented in a standardised way. The approach is applied to well-known design 
models. 

4. Verification of the standardising approach by comparing design models 
The design models of mechanics (VDI 2221: represented as a phase-milestone-diagram [VDI 2221, 
1993]) and of electronics (y-model: represented as a circle with an integrated “y” [Rabaey, 1996]) are 
well-known and internationally accepted design models for both domains (the original design of both 
models isn’t shown for lack of space). They look quite different at first site. After being transferred 
into the standardised form there are very little differences.  
The design process in mechanics (fig. 2) is divided into main phases which contain further working 
steps. The working steps lead to results forming the base for the next working steps. This structure 
corresponds to the macro-level of systems engineering [Daenzer and Huber, 1994]. As third dimension 
the proceeding can be characterized by view levels; depending upon phase and working step a change 
takes place between the views. In the early phases of product planning and task clarification all view 
levels – although on an abstract level – are gone through. During conceptual design the proceeding 
concentrates mainly on the function and behavior view, during embodiment and detail design the 
emphasis lies on the structure and the shape view. On the micro level (activities, operational 
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instructions for the designer) the problem solving cycle is referred to. Furthermore methods are 
provided to support the working steps.  
The design process in digital electronics (fig. 3) – although more formal and partly automated – 
resembles very strongly the proceeding in mechanics. This becomes clear when comparing the models 
in standardized representation (fig. 2 and fig. 3). The three views of the y-diagram according to 
Gajski/Kuhn [Rabaey, 1996] form the third dimension. After the specification which includes all three 
views, the system design starts on the behavior level and leads with refinement and synthesis steps to 
the layout/physical design on geometry level. Of course the pure top-down procedure cannot always 
be maintained; as well as in the VDI 2221 returns (abstraction, extraction) and repetitions of design 
steps are possible. The main difference in comparison with mechanics lies in a stronger formalization: 
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Figure 2. Proceeding in mechanics, according to [VDI, 1993] 

During logical design for example, mainly existing components (transistors, capacities, resistors) are 
used while the embodiment design in mechanics comprises many variables (dimensions, material, 
manufacturing methods etc.) and is characterized by numerous iterations. Therefore the micro-level 
(situation-specific action guidance of the designer) is less important in electronics.  
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Figure 3. Proceeding in digital electronics, according to [Rabaey, 1996] 
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In software engineering different procedure models are used. The comparison is exemplified by the 
well-known v-model and the proceeding in object-based software engineering. The standardising 
approach shows the differences. The v-model has an integrated strategy to follow, i.e. a hierarchical 
proceeding via levels (fig. 4): top-down from system to module level during analysis and design, 
bottom-up to system level during realization and integration. Two strategy options are offered:  
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Figure 4. Proceeding in software engineering, according to v-model [v-model, 1997] 

“Grand design” means a single phase procedure to the finished system, “ incremental design” a 
stepwise design based on refined user requirements. 
The model of object-oriented software engineering (fig. 5) has as well a particularity: The design 
process runs with several iterations which are implemented as processes (third dimension – the 
processes analysis, design, realisation, test).  
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Figure 5. Proceeding in object-oriented software design, according to [Jacobson et al., 1996] 
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Every iteration ends with a verification (review) which initiates the next process. The model has an 
inherent strategy “from the rough to the more detailed design”: with every process the system becomes 
larger and more concrete. The object-oriented procedure model includes a macro-logic (phases and 
results) and a  micro-logic (iterative processes).  
The transformation of the exemplified four design models into the standardising form shows: 

• Phases and results are dimensions which occur in every design model. Transferred into a 
standardised graphical representation the design proceeding can be visualised more vivid. 

• The third dimension can be chosen to represent a specific focal point of the proceeding. If two 
design models allow to chose the same dimension e.g. views the similarity becomes obvious 
(see proceeding for mechanics and electronics). If the comparison is made based on the 
original model representations (phase-milestone-diagram and y-model) the similarity is not at 
all obvious. 

• If the representation of a design model visualises the common proceeding in a  more vivid 
way the cross-domain acceptance of a model can be improved. This is especially important for 
mechatronics. 

• Therefore the standardising approach seems to be an appropriate method to analyse and to 
visualise design models in the context of mechatronics.  

5. Results and Suggestions 
The comparison of the procedure models used by the domains mechanics, electronics and software 
engineering leads to two main observations:  

1. The exemplified models support mainly the macro-level by structuring the design process into 
phases/activities and by assigning results. The micro-level is only marginally taken into 
account, strongest within the object-oriented software design. However especially on the 
micro-level there is a need in mechatronics. E.g. the partitioning is a very demanding task: 
principle solutions and components from different domains need to be selected and their 
interactions need to be checked. Concrete action support would be very useful for the 
individual designer and the multi-disciplinary team.  

2. The proceeding within the involved domains differs – from the macro point of view – only 
slightly: The design in mechanics and electronics runs very similarly. As third dimension the 
views function, behavior, structure and shape are chosen for the model of mechanics, the 
views behavior, structure and geometry are chosen for the model of electronics. The 
proceeding in electronics is more formal but the principal macro-logic of proceeding is similar 
to mechanics. The v-model differs because of the given hierarchy levels. The strategy 
(hierarchical proceeding via levels; chosen as third dimension) is implemented while in the 
models of mechanics and electronics it is up to the designer to chose the appropriate strategy. 
The object-oriented proceeding provides integrated process iterations and includes therefore 
the micro-level as well.  

On the macro level it appears therefore feasible to conceive a cross-domain procedural model for 
mechatronics. The common two dimensions of all domains are phases/activities and results (the 
character of the models is result-oriented). The third dimension has been formed by views/levels (in 
mechanics, electronics and the v-model). Only the object-oriented model uses additionally processes. 
In order to support the micro-level in a stronger way a cross-domain model for mechatronics should 
give up the dominant result-orientation and integrate micro-processes as one dimension. The object-
oriented model seems to be a good example to do similarly.  

6. Conclusion 
A variety of design models, coming from the involved domains, influence the proceeding in 
mechatronics. The proceeding can be visualised in different ways. Each visualisation tries to point out 
special aspects. Facing the number of existing design models and their heterogeneous representation it 
is difficult to identify and to compare the particularities. This contribution introduces a standardising 
approach to describe and to compare design models. Thanks to the graphical representation in a cube, 
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three instead of normally two dimensions can be visualised. The points in common and the differences 
become obvious much faster. The comparison shows very little differences on the macro-level of 
design models. They structure the design process in phases/activities and related results. The 
differences, mainly implemented design strategies, can be visualised as third dimension. Therefore a 
cross-domain design model for mechatronics integrating the specific strategies as third dimension 
seems to be a promising representation to be accepted by all the involved domains. The models 
provide hardy any support on the micro-level. There is a special need for mechatronics (e.g. concrete 
action support for partitioning) which is not yet fulfilled sufficiently. A cross-domain design model for 
mechatronics should provide supporting elements on the micro-level, e.g. iterative processes, 
verification procedures etc.  
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