
Production Management and Process Control, Vol. 36, 2022, 56–61

https://doi.org/10.54941/ahfe1001619

Development of a Guideline for the
Sensor Layout Plan
Tanja Steinbach, Benjamin Röhm, and Reiner Anderl

Department of Computer Integrated Design (DiK) Technical University of Darmstadt
Otto-Berndt-Straße 2, 64287 Darmstadt, Germany

ABSTRACT

To collect data on production purposefully, appropriate sensors must be available.
Since the retrofitting of such sensors is complex, expensive, and sometimes not
possible afterwards, the necessary sensors’ type, number, and position should alre-
ady be considered during product and system development. Since there is currently
no standardized procedure regarding efficient sensor planning for the development
department, it is necessary to develop a guideline for this area that supports the emplo-
yees. On the one hand, the result of this development is the guideline, which suggests
and accompanies an efficient procedure for sensor planning. On the other hand, it is
the Sensor Layout Plan (SLP) itself, which as a standardized document, focuses on
the sensor technology in products and plants and maps all relevant information in
a holistic approach. This paper presents an initial approach to the development of
this guideline and the SLP itself. A developed maturity model is a main part of this
presentation.
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INTRODUCTION

With the increasing relevance of Industry 4.0 and the associated data-based
processes, efficient and structured data acquisition is becoming more and
more important. Currently, sensors are used in large industries to enable auto-
mation processes and check product quality. The collected data is evaluated
directly in the plant to control processes. Apart from this, production and
usage data are not collected or not explicitly collected in most cases. This is
because manufacturing companies often focus more on the purely functional
aspects of a plant and attach too little importance to the potential of data.

However, the future industry will no longer be based solely on the sale of
products. New, data-based business models and services will emerge, and pro-
duction will be optimized based on data. Some examples of this are condition
monitoring, predictive maintenance or remote access. These and other appli-
cations can significantly optimize industrial production processes regarding
the three most important factors time, cost and quality.

STATE OF THE ART AND CHALLENGES

The basis for these developments is the digital twin, which is one of the key
technologies of the Industrie 4.0 vision. (Massonet et al., 2020) The goal of
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Industrie 4.0, among other aspects, is to improve value creation processes
along the entire product life cycle. To achieve this goal, the aim is to increase
product and process flexibility as well as quality and efficiency. One of the
foundations of Industrie 4.0 is formed by so-called cyber-physical systems
(CPS). These machines and systems have both a physical and a networked
part, i.e., a digital representation. Under certain conditions, this digital repre-
sentation is also called a digital twin (Kagermann H, Walster W., Helbig J.,
2013; Haag, 2019).

This digital representation of a physical instance contains as a Digital Twin
all historical data, such as all design, production and usage information of the
physical twin over the entire product life cycle (Ohnemus, 2020). According
to Zimmermann et al., the Digital Twin is an instance of the Digital Master
and is thus composed of the Digital Master and the Digital Shadow. The
Digital Shadow archives the state data and represents the data basis for the
simulations. For processing, the state data are referenced to the models of the
Digital Master (Zimmermann et al., 2020).

In literature, there is still no uniform and universally valid definition of the
Digital Twin. However, despite the numerous different definitions, there are
some elements that form an intersection. Glaessgen and Stargel list these as
follows (Glaessgen and Stargel, 2012):

• exact physical image (microscopic and macroscopic) of the physical twin,
• highly accurate physical model (thermal, fluid dynamic, elastostatic, etc.)

of the physical twin,
• bidirectional connection to the physical twin for updates of the current

state via the sensor system and for control of the physical twin via the
digital twin,

• fleet information from other digital twins of related products
• other historical and other available data.

The Digital Twin thus contains on the one hand an accurate representation
of reality, which is used for simulations, optimizations and predictions, and
on the other hand data from earlier life phases and related products. This
data storage and simulation environment combination is available in various
forms in most definitions and applications (Haag, 2019).

In summary, the Digital Twin is the virtual representation of a physical
product. The Digital Twin gains its individuality and accuracy from the spe-
cific data of the respective real product instance, the so-called real twin. The
basis of the Digital Twin and all data-based processes is data that must be
collected, transferred and processed in a targeted manner. The aspect of
targeting is important so that no relevant data is missing for the intended
purposes and sensors have to be retrofitted at great expense. On the other
hand, with a view to sustainability, no unnecessary data should be tran-
smitted and stored so that networks and databases are not unnecessarily
burdened.

So far, there is no uniform, standardized approach to how such data should
be planned and collected in a targetedmanner. The early and holistic planning
of data collection is essential to avoid costly and time-consuming retrofits if
they are still possible at that point. For this reason, data planning must be
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completed as early as the product and system development stage so that, for
example, the type, number and position of sensors can be considered.

CONCEPT

In this paper, an approach of the so-called Sensor Layout Plan is presented,
which supports the employees in the above-mentioned targeted and sustai-
nable data and sensor planning. The result of this development is, on the one
hand, a guideline, that suggests and accompanies an efficient procedure for
sensor planning. On the other hand, it is the Sensor Layout Plan (SLP) itself,
which as a standardized document focuses on sensor technology in products
and plants and maps all relevant information in a holistic and model-based
approach.

The SLP guide is based on a structured approach, as seen in Figure 1. It
starts with a holistic analysis of the data requirements. Step 1A analyzes the
data requirements (TARGET data collection) of the new, further development
or adaptation of a product. Here, the business model and services offered as
well as use cases of the Digital Twin play an essential role. All considerations
are viewed holistically across all aspects of the product development process
and the product life cycle.

Step 1B analyzes the current or currently possible data collection
(ACTUAL data collection). The focus here is on existing or planned sensors
as well as further data collection measures. A distinction is made between
new and further developments.

These two analyses are compared in the second step. The result of this
comparison shows the (additionally) required data collection. The required
data is then assigned to its corresponding data sources, or instruments for
data collection. These sources can be, for example, a real sensor, a virtual
sensor from a simulation, special machine data, and (AI-based) calculations.

If data collection from simulations is planned, these simulations are plan-
ned in the third step. In most cases, data is required for the simulation itself,
which in turn must be considered in the data and sensor planning.

In the subsequent sensor planning step (step 4), the required sensors are
selected and placed in both the physical, real product and the digital master
or Digital Twin. A special focus is set on the connectivity and communication
of the sensors.

Step 5 deals with the extensive topic of data management and processing.
In this step, data transmission and storage as well as data usage and archiving
are planned.

In step 6, the planned data collection is implemented and tested using real
data sets. For this purpose, the planned sensors are connected and the planned
simulations are implemented. Special attention is paid to interfaces and smo-
oth data transmission during testing, and the interoperability of all instances
involved is examinedmore closely. If gaps or errors are found at this point, the
process is repeated at the corresponding steps three, four or five. This creates
an iterative optimization loop until the best possible result is achieved.

In the further course of this paper, the analysis of the current or curren-
tly possible data acquisition is discussed in more detail. This is part of step
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Figure 1: Data planning procedure.

1B in Figure 1. To facilitate and structure this analysis, the Maturity Model
for Data Acquisition was developed as an analysis tool, which can be seen
below in Figure 2. This maturity model was developed in alignment with the
Industrie 4.0 Maturity Model by Schuh et al. (Schuh et al., 2017).

The maturity model is structured chronologically from data planning, col-
lection and transmission to data archiving and usage. Guiding questions
make it easy to understand and categorize the individual topics. From left to
right, the level of capability in relation to Industrie 4.0 and the Digital Twin
increases in the classification. Since these are the main goals to be achieved
with the help of the Sensor Layout Plan, this axis is named accordingly.

The first area of the maturity model for current data acquisition is data
planning. The guiding questions in the area of data planning include fir-
stly the purpose of data collection and secondly the type of data or sensor
planning. For example, the purpose of data collection may include purely
machine functional or safety aspects, condition monitoring, or other indivi-
dual services and business models. The last stage mainly includes use cases of
the Digital Twin. The possibility, that classification is not available, is always
given. The type of sensor planning is classified twice. First, a distinction is
made between document-based, model-based or in an overall SysML stru-
cture integrated sensor planning. Then, the sensor planning methodology is
classified into employee-specific procedures, company-internal specifications
or generally applicable current standards.

In data collection, it is queried how system-related and item-related data
is collected. This distinction is primarily designed for manufacturing com-
panies, for which data about the production process on the one hand and
data about the end product on the other may be relevant. Classified here are
automated sample measurement, continuous measurements and additional
simulations.

The third area “Data Transmission”deals with the type of communication.
This can be via Fieldbus, Industrial Ethernet or the Internet.
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Figure 2: Maturity model for data acquisition.

The area of data archiving classifies the current data acquisition in terms
of the type and location of data storage. The type differs in document sto-
rage, machine-readable data storage and storage in a neutral data format.
The archiving location can be On Edge, for example on the machine or the
article, a network or a network with an additional data management system.

The last area of the maturity model concerns the usage of the collected
data. Also, a distinction is made between system-related and article-related
data in this area. The classification here is possible into pure data storage until
special data is required, real-time monitoring of the machine status or article
quality, or predictive maintenance of the machine or predictive simulations
of article quality.

The Sensor Layout Plan is intended to make it easier for small and
medium-sized manufacturing companies to get started with the applications
of Industrie 4.0 and the Digital Twin. The maturity model for current data
collection offers a good starting point in the first step of the process presen-
ted above for targeted and sustainable data collection. It provides a very good
overview of the current situation in the company and shows further potential.
This maturity model has already been successfully tested as part of a current
research project.
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CONCLUSION

Structured and targeted data collection will be essential for a successful com-
pany in the future. Data is necessary to optimize processes and enable services
and business models. The targeted nature of data collection is of particular
importance to save costs, time and resources. The described concept shows
an approach to be able to plan such a data acquisition in a target-oriented
way. In this paper, the maturity model for data acquisition was developed
and presented. It represents one of the analysis tools in the first step of the
Sensor Layout Plan guide. In subsequent papers, the Sensor Layout Plan will
be further developed and presented on this basis.
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