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Abstract.Nowadays, a mechatronic system is regarded as a synergistic 

integration of a wide range of disciplines (electrical/electronic, mechanical, 

software). Therefore, an integration of numerous technical disciplines and 

expertises is often required during the design process of mechatronic systems. 

However, neither academia nor industry has yet provided fully effective 

solutions to help the engineers achieve such multidisciplinary integration. 

Multidisciplinary interface modelling approach is considered as an effective 

way to represent the interaction between the boundaries of components of 

different disciplines. The authors propose a new multidisciplinaryinterface 

modelling approach to address the issue of multidisciplinary integration. A 

three dimensional (3D) measurement system, considered as an opto-

mechatronic system integrating synergistically the electrical/ electronic system, 

mechanical parts and information processing and optical technology is used to 

demonstrate the multidisciplinary interface modelling approach. A 

demonstrator based on the proposed approach has been developed by using 

CATIA System Engineering V6. 
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1   Introduction 

Mechatronic systems are considered as the resulting integration of 

electrical/electronic systems, mechanical parts and information processing [1]. 

Because mechatronic systems encompass a wide range of disciplines, therefore the 

multidisciplinary integration has been proposed and it becomes more and more crucial 

for mechatronic systems [2, 3]. 

To achieve such multidisciplinary integration, one of the problemswhich should be 

overcome is described as “Design data-related problems” [4]. Such “Design data-

related problems” are related to the edition and management of the diversity of 

product data from different disciplines. However, neither academia nor industry has 



 

 

yet provided relevant solutions to solve the problems in design of mechatronic 

systems[5]. 

The concept “interface” in the context of interface modelling of mechatronic 

systems refers to any logical or physical relationship required to integrate the 

boundaries between systems or between systems and their environment [6]. These 

multidisciplinary interfaces can be also used to indicate the collaboration of engineers 

and to provide a high-level guidance for organisation of design process. The authors 

propose a multidisciplinary interface modelling approach to address the issue of 

multidisciplinary integration. The proposed multidisciplinary interface modelling 

approach includes three parts: interface classification, interface data model and 

interface compatibility. 

Section 2 will give a review of related work on current interface modelling 

approaches. Then, an overview on the multidisciplinary interface modelling approach 

will be provided in Section 3. A 3D measurement system will be introduced as the 

case study in Section 4. The design of pattern projection sub-system which is 

considered as one of the most important parts in the measurement systemwill 

beselected and detailed by using the proposed approach. Finally, the authors will draw 

the conclusions and point out the future prospects for the multidisciplinary interface 

modelling approach. 

2   Related work 

From the mid 1980s, the interface between systems and subsystems has been 

widely used in software engineering [7]. During software design process, separated 

modules of a program execute one aspect of the desired functionality. Such modules 

interact with each other through interfaces. As systems became increasingly complex, 

a complex system was always decomposed into subsystems. The topic of interface is 

at the heart of the multidisciplinary nature of Systems Engineering [8]. Interface 

management is considered as one of the most powerful tools of systems management 

[9]. The interfaces in mechatronic systems can be used to describe the interactions of 

subsystems designed by different disciplines. Therefore it is significant to develop a 

proper interface classification in order to represent much more details of an interface 

and help the engineers to avoid the confusion by the misuse of interfaces. 

Stewarddescribes the interactions of subsystem as “information flows”, but such 

information flows are not described in detail [10]. Counsell et al describe the 

connections between different components as material, information and power[11]. 

Sellgrenproposes that interfaces can be classified as attachment, constraint and 

contact, but his proposition mainly focuses on the mechanical interface [12]. Chen et 

al classify the interfaces as the “constraints” between electrical/electronic discipline 

and mechanical discipline, but the interfaces between software discipline and 

electrical/electronic discipline or mechanical discipline are not mentioned [13]. Pahl 

et alpropose a method named Modular Product Development (MPD) for complex 

system. This method starts by decomposing the product into modules. The exchanges 

of energy, materials, and signal between the modules were mentioned in this method 

[14]. Liang et al develop a more detailed classification based on the proposition of 



Pahl et al by refining the energy as electrical, mechanical and hydraulic, etc [6]. 

However, the interface between software and other disciplines are not taken into 

consideration either. Komotoet al believe that some physical implementations have 

nothing to do with transformation of energy, material, and signal (e.g., a function to 

fix connection between two mechanical components or a function that holds a 

position), but they can be used to connect two components as the interfaces. Thus 

geometry plays a crucial role during the design process. They point out that attention 

should be also paid to such geometric information [15]. Sosa et al distinguish the 

interfaces in terms of spatial dependency, structural dependency, energy dependency, 

material dependency and information dependency [16]. Such classification method 

may lead to the misuse of overlapping interfaces. For instance, the material 

dependency is described as “a requirement related to transferring airflow, oil, fuel, or 

water”. However, such process of material transfer often occurs with the energy 

transfer which was defined as “energy dependency”. Bettiget al point out the 

interfaces representation problem and tried to identify an overall representational 

schema. Seven classes of interfaces are firstly suggested: Attachment interface, 

transfer interface, control and communication interface, power (electrical) interface, 

spatial interface, field interface and environmental interface. The seven interface 

classes are reduced to four general classes of interface: attachment interfaces, control 

and power interfaces, transfer interfaces and field interfaces. The reduced 

classification defines the field interface as “an interface that transmits energy, 

material or signal as an unintended side-effect of the intended function of a module”. 

This classification begins to consider the negative effects of interfaces [17]. However, 

the field interface is so generic and need to be detailed. 

As presented before, the interface classification can give much more details about 

an interface. Such details should be included in the interface data model. The interface 

data model has been partially represented by current product models. The product 

model can be used as an effective and efficient technology for the design of 

mechatronic systems because it includes all the information that can be accessed, 

stored, served and reused by the stakeholders. The authors reviewed current product 

models, including STEP, CPM, MOKA and PPO. The interface data model should be 

created as a part of product model of mechatronic systems. It should not only take 

into account the proposed interface classification, but also represent the relationship 

between the interface and other parts of the product model. However, according to the 

evaluation results of the current product models, the interface data model has not been 

fully developed in current product models [5].  

The interface compatibility can help the designers to ensure consistency among 

different design teams and to prevent design errors during collaborative design 

process [18]. However, due to the partially-developed interface data model in current 

product models, how can the interface data model be used to support the interface 

compatibility has not been involved. 

By considering the drawbacks of current interface classifications and interface data 

models, the authors will present the proposed multidisciplinary interface modelling 

approach in next section. 



 

 

3   Multidisciplinary interface modelling approach 

As discussed in previous section, the current interface classifications and interface 

data models show several drawbacks. Three aspects of the multidisciplinary interface 

modelling approach, interface classification, interface data model and interface 

compatibility, will be presented hereafter.   

3.1   Interface classification 

The proposed interface classification for mechatronic systems concerns an interface 

through three features: Type, Configuration and Desired/undesired. 

Type: which types of information are transferred in the interface?Four types of 

information are proposed: geometric interface, energy interface, control interface and 

data interface. 

Configuration: which elements does the interface link?Five configurations of 

interfaces are proposed: interface between components (C-I-C), interface between a 

component and the environment (C-I-E), interface between a component and an 

interface (C-I-I), interface between two interfaces (I-I-I) and interface between an 

interface and the environment (I-I-E). 

Desired/undesired: does the interface create positive effects or negative effects to the 

whole system? 

The interface classification is considered as the foundation of interface modelling, 

because this classification not only gives much more details of an interface, but also 

avoids the confusion by the misuse of interfaces [17]. In next sub-section, a new 

interface data model based on the classification will be presented. 

3.2   Interface data model 

The second aspect of the multidisciplinary interface is the interface data model. The 

interface classification previously presented should be represented by the interface 

data model. Moreover, attention should be paid to the concept of “port”. In the 

context of multidisciplinary interface modelling of mechatronic systems, the port 

refers to the primary location through which two elements interact with each other 

[6]. Two attributes of port will be introduced. The first attribute is called “direction”, 

which represents how the information is transferred through this port. In other words, 

the direction of a port holds a definition on which one is the master and which one is 

the slave of the two elements linked by the interface. A compartment listing the 

attributes (in, out and in/out) is to indicate that the information flows in (out of or in 

& out of) the element through the port. The second attribute of the class port is the 

visibility. This attribute is used to describe how the port can be accessed. The 

authorized values are “public”, “protected” and “private”. The parameter and 

document related with one public port is accessible directly by any engineers from 

any disciplines during the design process. A protected port can only be accessed by 

the creators and the authorised engineers from other disciplines. The port carrying the 

private property is accessible only by those who design it. 



Fig. 1 shows interface data model represented as a UML class diagram1. On the one 

hand, the interface classification and the port with its related attributes are represented 

by the Interface and the Port class. On the other hand, it represents the relationship 

between the interface and other elements. However, main entities of current product 

models can be found in the proposed interface data model so that mapping can be 

constructed between current product models and the interface data model. Therefore 

the interface data model can be used as an extension of current product models. 

 

 

Fig. 1. UML class diagram of interface 

3.3   Interface compatibility 

The last aspect of the interface modelling approach is the interface compatibility. The 

authors propose two rules to test the interface compatibility. Once the data model of 

an interface is instantiated, the interface compatibility should be checked by the rules. 

One example is cited here to illustrate the compatibility test method. Two components 

(Component 1 and Component 2) are connected by an interface (Interface) through 

the ports (CP1 and CP2). Once the data model of the interface has been instantiated, 

the interface compatibility should be checked. Two compatibility rules are presented 

as follows: 

                                                           
1http://www.uml.org/ 
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In the compatibility Rule (1), CP1.Parameter1 presents the parameter stored in the 

class Parameter of the port CP1, and CP2.Parameter2 is the parameter of port CP2. In 

order to ensure the two components integrate with each other correctly, both the value 

and the unit of the parameters of CP1 and CP2 should be equal. The Rule (2) is 

applied to two cases. The first case is that sometimes the design parameter of one port 

is not expressed by an exact value accurately but described as a constraint, such as the 

minimum input current, maximum diameter of the hole and etc. The second case 

concerns the component tolerance. Component can hardly hold dimensions precisely 

to the nominal value, so there must be an acceptable degree of variation.  

Once an interface has been established, the compatibility should be checked by the 

compatibility rules presented above. If one interface proves to be incompatible, two 

incompatibility solutions can be adopted to deal with this incompatible interface. 

These solutions will be presented as follows:   

Fig. 2 shows an example of the two incompatibility solutions. A simple mechatronic 

system (System) can be decomposed into 2 components (Component 1 and 

Component 2) and an interface (Interface 1). However, when the designs of the two 

components have been finished by the designers, the interface (Interface1) may prove 

to be incompatible. Fig. 2(a) shows the first solution. The Component 2 can be 

redesigned and replaced by the Component 3. The compatibility of the interface 

(Interface 1) should be then re-checked. Fig. 2(b) shows the second solution. A new 

component (Component 3) can be added between the two components and two new 

interfaces (Interface 1.1 and Interface 1.2) will be created accordingly. The 

compatibilities of the two new interfaces should be checked.  

 

 
(a) Solution 1 

 

 
(b) Solution 2 



Fig. 2. Example of incompatibility solutions 

 

Solution 1 is simple to operate by the designers because this solution demands the 

designers to change one of the two component linked by the incompatible interface. 

However, in a complex mechatronic system, one component may link to others 

through several interfaces. After the change of such component to solve the 

incompatibility problems of one interface, nevertheless, other interfaces linked to this 

component which proved to be compatible before may become incompatible. Such 

conflict may always exist during the design process. Solution 2 demands the designers 

to further decompose the incompatible interface, which is much more complex than 

Solution 1. However, Solution 2 does not create design conflicts because the new 

component does not affect other elements of the system. Therefore, the designers 

should carefully select the solutions to solve the incompatibility problems during the 

design process. 

The three aspects of the multidisciplinary interface modelling approach, have been 

presented previously in order to help the engineers achieve the multidisciplinary 

integration during the design process of mechatronic systems. The authors also 

provide a case study by means of a three dimensional (3D) measurement system to 

demonstrate the propositions more clearly in next section. 

4   Case study 

The case study is chosen to demonstrate the proposed interface modelling approach 

based on a three dimensional (3D) measurement system [19]. This measurement 

system is designed for reconstruction of object surface based on optical measurement. 

It is considered as a mechatronic system integrating synergistically the electrical/ 

electronic system, mechanical parts and information processing and optical 

technology. Fig.3 shows the principle of the measurement modes. 

 

 
Fig. 3. Principle of the measurement modes: (a) Active mode 1 (b) Active mode 2 

 

This 3D measurement system can be generally decomposed into six sub-systems. 

Pattern projection sub-system (C1.1) projects the fringe patterns onto the measured 

object, and the deformed image reflected by the measured object is received by the 

Deformed image reception sub-system (C1.2). The original fringe patterns and the 

deformed image will be compared and analysed by the 3D image reconstruction sub-



 

 

system (C1.3).  The measurement modes (Fig.3) can be switched by the Mode 

switch sub-system (C1.4). The whole system is supported by the Mechanical support 

sub-system (C1.5) while the power is supplied by the Power supply sub-system 

(C1.6). In order to demonstrate the proposed data modelling approach more clearly, 

the Pattern projection subsystem (C1.1) has been selected in this paper. 

The Pattern projection sub-system is one of the most important parts in the 3D 

measurement system. A white light source (C1.11) illuminates the DMD (Digital 

Micro-mirror Device) (C1.12) generating the fringe patterns. The fringe patterns are 

then injected into the image guide (C1.13) and projected on the measured object 

through the compact probe (C1.14). 

This image guide (C1.13) has to be taken into consideration very carefully. On the 

one hand, an image guide with a high resolution is needed to meet the requirement of 

the inspection for the industrial equipments. On the other hand, the image guide has to 

be flexible enough to accommodate the industrial environment (E1). Therefore an 

interface (I1.1) can be constructed between the industrial environment (E1) and the 

image guide (C1.13). In order to realise a better reconstruction result, the designers of 

the optical team choose the image guide with the highest resolution (FIGH-100-

1500N), whose minimum bending radius is 200mm.By analysing the scale of the 

whole measurement system and the industrial environment, the designers of the 

mechanical team propose the maximum scale of system. The value of the maximum 

scale (350mm) is represented as maxValue in the instance Industrial scale. 

The data model of the interface I1.1 with the ports EP1 and CP2 can be created 

according to the above analysis. The UML object diagram in Fig.4 shows the instance 

of the interface I1.1 and the two ports EP1 and CP2 linked by I1.1. Demonstrator 

based on the data model has been developed by making use of CATIA V6. The 

interface compatibility rules proposed in Section 3.3 is realised by the 

Knowledgeware of CATIA V6. The check result of interface compatibility shows that 

the interface between the industrial environment and the image guide is incompatible, 

because the minimum bending diameter of the image guide is beyond the size limit 

proposed by the industrial environment.  

 

 
 

Fig.4. Instance of the incompatible interface I1.1 

The incompatibility of the interface between the industrial environment and the 

image guide has been detected. The incompatibility solutions proposed in Section 3.3 

can help the designers to solve this problem. As described in the Solution 1, one 



element linked by the incompatible interface can be changed to solve this 

incompatibility problem. Thus, by referring the data sheet of the image guide, the 

designers of the optical team replace the image guide with FIGH-70-1300N whose 

minimum bending radius is 150mm, and the interface compatibility can then be 

validated. This compatible interface between the industrial environment and the 

image guide means that the size of the image guide accommodates the industrial 

environment. 

Once the design of the image guide has been finished (FIGH-70-1300N), the 

attention should be paid to the interface (I1.12) between the DMD (C1.12) and the 

image guide (C1.13).By referring the data sheet of the image guide, the designers of 

the optical team can find that the image circle diameter of the FIGH-70-1300N is 

1.2mm. However, the maximum diameter of the image circle projected by the DMD 

should be the width of the DMD (8.3mm), which can be obtained by calculating from 

the data sheet of the DMD. By applying the interface compatibility test method, the 

designers will find that the interface between the DMD and the image guide is 

incompatible because the image circle diameter of the DMD is different from that of 

the image guide. This incompatible interface between the DMD and the image guide 

indicates that these two components do not integrate correctly and cannot be 

connected with each other directly. Solution 2 requires the incompatible interface to 

be decomposed into an Interface-Component-Interface structure. A lenses system 

which can change the image circle diameter will be designed by the designers of the 

optical team. The compatibility of the new interface will be then checked. 

The sub-system called Pattern projection sub-system of the 3D measurement 

system has been selected to demonstrate the proposed multidisciplinary interface 

modelling approach. Once the data model of an interface has been initiated, the 

interface compatibility should be checked in order to guarantee the different elements 

integrate correctly. 

5   Conclusion 

The paper focuses on the multidisciplinary interface modelling approach which can be 

used during the collaborative design process of mechatronic systems to help the 

designers achieve the multidisciplinary integration. This approach incorporates the 

interface classification, the interfaces data model and the interface compatibility. The 

interface classification provides much more details of an interface to the designers 

and helps them to avoid the confusion by the misuse of interfaces. The interface data 

model will be created as a part of product model of mechatronic systems. It not only 

takes into account the information proposed by the interface classification, but also 

represents the relationship between the interface and other parts of the product model. 

In order to guarantee the different elements integrate correctly and eventually ensure 

the multidisciplinary integration among design teams, interface compatibility should 

be checked with the support of interface data model.  
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