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Numerous traditional, agile and hybrid development approaches have been proposed for the development of CPS. As the choice of development process is crucial to the success of development projects, it has become a major challenge to identify the best-suited process. This paper introduces a methodology for identifying the best-suited CPS development process, based on the individual boundary conditions for a certain development project within a company. The authors used a set of eight indicators to assess a CPS-development project. The results of the assessment were matched with CPS-development approaches. Based on the matching results a best-suited development process was selected. The application is shown for a use case in the German manufacturing industry. The developed method aims to reduce the risk of project failure due to the wrong choice of development process.

Introduction

Industry 4.0 and digitalization are transforming our companies. In order to keep pace with this development, companies are forced to transform their products and systems from mecha(tro)nical into Cyber-Physical Systems (CPS) [START_REF] Schuh | Industrie 4.0 Maturity Index. Managing the Digital Transformation of Companies[END_REF]. CPS connect the (real) physical world with the (virtual) cyber world. They are connected and consist of actuators and sensors, as well as a human machine interface to interact between the physical and the cyber world. They are empowered to assist humans in their decision making process and may even act autonomously. Therefore a CPS may span from a single machine to a whole (connected) production site. [START_REF] Jordan | Requirements-Based Matching Approach to Configurate Cyber-Physical Systems for SMEs[END_REF] Different development processes from conventional, hybrid to agile have been proposed in the past. However, there is no best suited process for the development for all types of CPS [START_REF] Eigner | Modellbasierter Entwicklungsprozess cybertronischer Systeme[END_REF][START_REF]Handbuch Industrie 4.0. Geschäftsmodelle, Prozesse[END_REF]. It is more likely that for every development project one individual process will solve the trilemma of providing a solution with the best quality at the lowest cost with the shortest time to market [START_REF]Pahl/Beitz Konstruktionslehre[END_REF].

CPS are the backbone of Collaborative Networks as well as the drivers for Digital Transformation. Thus, the choice of development process is a crucial aspect within the realization of Collaborative Networks and Digital Transformation. As the right choice of development processes is also crucial to the success of a development project, it is very important for a company to select a process that will fit to their individual boundary conditions [START_REF]Handbuch Industrie 4.0. Geschäftsmodelle, Prozesse[END_REF]. Currently there is no methodology to select a development process for CPS based on the boundary conditions of the company. For this reason, the aim of this paper is to present a methodology to select the best-suited development process based on the individual boundary conditions in order to close the identified research gap.

To do so, a short introduction into the different development processes is given and a set of relevant CPS development processes is identified. Afterwards a set of indicators to define the level of agility for a project is selected. The set of indicators is used as a means of assessment for a development project in order to identify the best-suited development process. The application is demonstrated for a CPS-development use-case in the German manufacturing industry.

The overall goal of the paper is reflected in the research question: "How can the bestsuited development process for a CPS development, based on the structured assessment of the individual boundary conditions, be selected".

For the overall research, case-study research by EISENHARDT [START_REF] Eisenhardt | Building Theories from Case Study Research[END_REF] will be applied. The case-studies help selecting the relevant models for the development of CPS as well as determining the indicators for identifying the level of agility for the different models. Furthermore, they will be used to validate the results of the assessments. For this paper the focus was set on building a first prototype of the methodology in order to prove its relevance. Therefore the content of the methodology is based on literature research and own constructs. The methodology is applied to one case-study. Future research will then evaluate and enhance the indicators, the development processes and matching in detail, based on several case studies.

Background

Manufacturing companies generally use development processes in order to support their product development. The development processes describe the processes and activities within the development step by step. There is a variety of development processes, which are suitable for different purposes and boundary conditions. [START_REF]Handbuch Produktentwicklung[END_REF] In general, development processes can be divided into three groups: conventional, agile and hybrid. Fig. 1 shows the direction of progress within the three approaches. 

Hybrid

In conventional development approaches, the product development process is split into different phases that strictly follow each other. Once a previous phase is completed, a subsequent phase begins. Hence, in conventional developments, the progress follows the four phases plan, conceptualize, design and develop sequentially, as shown in Fig. 1. [START_REF] Boehm | Balancing agility and discipline. A guide for the perplexed[END_REF] However, using the strictly sequential approach of conventional development processes in flexible development environments with volatile requirements can be quite challenging. In order to control flexible processes, agile concepts were introduced in the field of software development and have partially been transferred to physical product developments by now [START_REF] Gloger | Scrum in der Hardwareentwicklung[END_REF]. Compared to conventional development processes, agile development processes are less structured and aim to respond flexibly to new requirements, insights and customer feedback that may arise in the course of the development [START_REF]Projektmanagement und Vorgehensmodelle 2014[END_REF]. Thus the development progress in agile projects runs parallel in the four development phases (Fig. 1) [START_REF]Agile methods for design to customer[END_REF].

Besides conventional and agile approaches there is a third category called hybrid, which has evolved from combining these two [START_REF] Kuhrmann | Hybrid Software Development Approaches in Practice: A European Perspective[END_REF]. By combining the concepts, advances from both approaches, such as stability and flexibility, can be used simultaneously, leading to promising development processes especially for highly complex products, e.g. for the development of Cyber-Physical Systems [START_REF]Hybride Softwareentwicklung. Das Beste aus klassischen und agilen Methoden in einem Modell vereint[END_REF]. Combinations to form a hybrid development process are not limited, a wide variety of patterns can be created by combining any conventional with any agile process [START_REF] Kuhrmann | Software and system development in practice: Waterfall, Scrum, and beyond 15[END_REF]. Several procedures can be varied within a project structure according to the situation in order to implement the project-specific requirements in the most suitable way [15]. The direction of progress in hybrid projects is neither strictly sequential as in conventional projects, nor entirely parallel in all four phases as in agile concepts (Fig. 1).

Description of the Methodology

The developed methodology for individually selecting development processes for Cyber-Physical Systems is shown in Fig. 2. It is divided into four phases, which are executed in the displayed order. In phase one the given project is subdivided into several subprojects. The division into subprojects is done in order to reduce the complexity of the overall CPS development. The number of subprojects is not fixed but should be chosen appropriate to the project's size.

Decision on devel. process Matching

Phase two is the assessment of the project which is conducted during a workshop with the participants of the project. In detail, each of the subprojects defined in the first step is assessed by using a profile as means of assessment. The profile consists of different indicators, which indicate agility or conventionality depending on the assessment. The set of indicators is presented in the following chapter (Table 1).

In phase three the developed matching algorithm is applied to the assessed subprojects. The algorithm counts the number of matches of each subproject with each of the development processes in the system.

In phase four, the matching results are presented. The most suited model for the overall project is selected by comparing the matching results of the different subprojects. Besides selecting a single model, it is also possible to combine different development processes into a comprehensive one. Thus, universal hybrid concepts can be designed which are well suited for the given boundary conditions of the project.

Indicators for the Choice of Development Process

There are already several approaches presenting indicators to identify the level of agility for development projects. Some of them offer a quantitative analysis but are derived from experience (e.g. [START_REF] Boehm | Balancing agility and discipline. A guide for the perplexed[END_REF]). Other indicators are of a qualitative form and do not fit the use as an assessment methodology (e.g. [START_REF] Welge | Integration von agilen Methoden in der Systementwicklung[END_REF]). The set of indicators selected for this paper from DIELS were derived from a literature research, follow a quantifiable scale and cover internal and external indicators [START_REF] Schuh | Methodology for Determining Agile Product Scopes in Development Projects[END_REF]. DIELS developed a set of eight indicators for determining agile product scopes. The identified project-relevant indicators stand either for or against the use of agile methods in the product development, depending on their characteristics (see Table 1). The indicators are divided into (five) internal and (three) external ones, depending on whether they can be controlled by the company or not. All of the indicators of DIELS have four different characteristics, graded in three-steps from plan-driven (value 0) to agile development (value 9), which are shown in Table 1. [START_REF] Schuh | Methodology for Determining Agile Product Scopes in Development Projects[END_REF] Table 1. Indicators for determining agile product scopes by Diels [START_REF] Diels | Indikatoren für die Ermittlung agil zu entwickelnder Produktumfänge[END_REF] Indicators / Rating 0 (plan-driven) For the development of the methodology for individually selecting development processes for Cyber-Physical Systems the approach of DIELS was chosen as a basis. DIELS'S indicators were identified during a comprehensive literature research and a following systematic consolidation, thus they fully meet the demand for projectspecific boundary conditions. In addition, this approach distinguishes between plandriven, agile (and hybrid) approaches and allows a quantifiable evaluation. Furthermore, DIELS'S approach presents a set of indicators specifically designed for determining which product scopes can be developed using agile concepts. Transferring the agility indicators to characterize both development processes and subprojects can be accomplished without further modification.

Selected CPS-development Processes

For developing the methodology a total of nine conventional, hybrid and agile development processes were selected, which are listed and categorized in Table 2. The selection was carried out on the basis of statistics on distribution of the models [START_REF] Komus | Status Quo Agile. Studie zu Verbreitung und Nutzen agiler Methoden Eine empirische Untersuchung[END_REF][START_REF] Theocharis | Is Water-Scrum-Fall Reality? On the Use of Agile and Traditional Development Practices[END_REF]. The statistics on hybrid development processes were less clear, since in principle any combination of a conventional and an agile process would be possible. Hence, for the development of the methodology, hybrid models that have been described in literature or applied in practice were selected. Generally, further development processes can be added to the methodology independent of their nature (agile, hybrid, conventional).

For each development process the value of the characteristic, which describes it most accurately, was assigned according to the agility indicators of DIELS in Table 2. Low values represent plan-driven development (value 0), whereas high values represent agile development (value 9). The classification of the models was based on a literature research. As it is a first approach, the classification be detailed and validated in future research. The sources used for classification are mentioned in brackets next to the respective process in Table 2. Table 2. Categorized conventional, hybrid and agile development processes using the agility indicators of DIELS [START_REF] Schuh | Methodology for Determining Agile Product Scopes in Development Projects[END_REF] Dev. Processes / Indicators (a 

) (b) (c) (d) (e) (f) (g) (h) 

Description of the Matching Process

During the matching process, the characteristics of the defined subprojects are matched with the characteristics of all development processes one after the other, as shown in the example in Table 3. The number of matches with each development process is counted and can be used as an indicator for the suitability for the subproject. In the displayed example the given development process would have a total of four out of eight possible matches with the subproject, leading to a suitability value of 50 %. 

Discussion of the Results for a Use-Case

The methodology was applied to a medium-sized technology company in Germany. The overall goal of their development was to design and build an IoT factory. In this case, IoT Factory refers to a factory with connected assets, such as machines and transportation systems allowing data based production control and autonomous actions. This is in alignment with the definition of CPS given in chapter 1 of this paper. Thus the "IoT Factory" can be considered a CPS (consisting of several sub-CPSs) in its entirety. The main benefits of this factory are to reduce lead times and realize batch size one. This will be reached by a high level of automation and connectivity for the different steps within the production line. The new factory will be implemented into a supply-chain of conventional "non-IoT" factories. Due to a large number of undefined requirements and the future orientation of the project, the choice of development process was not obvious. At this point, the methodology presented in chapter 3 was applied in order to individually select a development process for the project.

The first step was to divide the project into four subprojects: Production Machine Design, IT Systems, Intralogistics, and Construction. IT Systems refers to the relevant IT-Systems for controlling the production environment (e.g. ERP, MES). Usually the subprojects require competencies from different disciplines, such as IT, mechanical and electrical engineering for the Production Machine Design.

Every subproject was then assessed with the set of indicators presented earlier. Table 4 gives an overview of the assessment results.

Based on the matching results for the individual subprojects a coherent development process for the overall project had to be defined (phase 4). Subproject one to three all showed the highest suitability for the hybrid Scrum-V-Model, combining an agile project phase in the beginning with a conventional project phase for final deployment of the results. The selected processes suit the use case quite well, as the development goal is an IoT Factory, which requires both, a high level of innovation (Scrum), as well as a high level of accuracy and stability in the deployment phase (V-Model).

For subproject four, which refers to the construction of the factory as well as the physical placement of the assets within the factory, a plan-driven process is also very well suited. Especially building projects require a high level of planning and accuracy as most of the steps taken in the processes may be irreversible in the end. Due to its strong focus on planning, a waterfall process can easily be integrated into the V-Model phases of subprojects one to three. The selected development processes were implemented in the project as proposed by the presented methodology.

In summary, a very well-suited development process for the presented use case could be identified with the presented methodology. This shows that the proposed methodology can be used in order to identify the best-suited development processes.

Future research will consider further case studies in order to enhance the proposed methodology. Based on that, the indicators, choice of development processes as well as the matching algorithm, can be further refined. As the selection of the development process currently requires a lot of detailed knowledge, future work will also focus on automatically finding and composing a development process along the different subprojects.

Conclusion

This paper introduces a methodology for selecting the best-suited CPS development process based on the individual boundary conditions at a company. In beginning conventional, hybrid and agile development processes are introduced. Afterwards a set of indicators for the choice of the development process on a scale from conventional over hybrid to agile are selected. A selection of CPS-development processes is then classified within the identified set of indicators. The same set of indicators is then used as a means of assessment for the boundary conditions of CPS development projects. Therefore the development processes, which were typed with the set of indicators, are matched with the results of the assessment of the development project. In order to reduce complexity, the assessed project is divided into subprojects that are assessed on their own. Based on the matching results an individual development process is selected for every subproject. The results are combined to an overall development process for the assessed development project. For this paper, the presented methodology was applied to a case-study from a German manufacturing company.
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On average, subproject 03 had the highest ranking on a scale from conventional to agile development. However, none of the projects were rated strongly towards agile approaches. Most of the ratings were within the range of the hybrid development processes. An interesting result in the assessment was that the subproject IT-Systems was rated less agile than the Production Machine Design. Hence showing that not only the development goal is relevant for the choice of the development process but also other boundary conditions such as corporate culture. As different departments may be involved in the subprojects, indicators may also differ between the different suprojects.

In General, CPS projects require interdisciplinary teams. That is why it is very important to have an assessment of every subproject, as the team composition may differ by discipline (Engineerg, IT, etc.) as well as the department involved (R&D, Prodcution Management, etc.). If the selected model does not support the team composition the project is likely to fail. Fig. 3 shows the matching results for the development processes for the assessed usecase. For all development processes selected in section 3.2, the suitability value was calculated and all development processes were listed in descending order of suitability.

For subproject one to three, the hybrid Scrum-V-Model shows the highest rate of suitability. Generally, the processes leaning towards strong agile or conventional development have a lower number of matches. Based on the average assessment results which were all between 3.75 and 4.88, which is mostly in the hybrid range, the result was expected and plausible.

For subproject four, the Waterfall Model has the highest number of matches. However, this subproject was not grasped by the methodology very well, as there were only three matches, resulting in an overlap of just 38 percent.