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Abstract. Production companies are increasingly required to flexibly adapt to
competitive situations and, hence, aim to ensure that their production processes
have optimal outcome. This combines requirements e.g. on product quality, pro-
duction time and costs as well as process variability. The cornerstone for opti-
mizing current processes lies in a thorough understanding of these requirements
in order to derive optimization potential that can efficiently be realized. Busi-
ness process modelling provides such a comprehensive view on the processes and
accurately reflects the existing workflows — given that all necessary information is
considered and acquired accordingly. This includes not only the company’s goals
and the production processes themselves, but also the implicit knowledge on these
processes of the employees. For many companies, a proper systematization and
combined realization of these steps is a challenge. We present a practical method-
ology for acquiring the relevant production process information as basis for a
proper process modelling. We develop a generic procedure which is tailored to the
characteristics of small and medium-sized companies and describe the goal, the
requirements, the methodology as well as a practical application including benefits
and limitations. The methodology provides a structured approach for the system-
atic mapping of heterogeneous production processes and builds the foundation to
detect optimization potential.

Keywords: Process modelling - Optimization of production processes -
Information acquisition

1 Introduction

Meeting the needs of today’s globalized market has become a distinct competitive edge
for production companies. This requires a high transparency on the production process
to react appropriately and flexibly to varying customers’ wishes and to adapt to dif-
ferent batch sizes. In addition to the requirement of achieving the punctual delivery of
high-quality products at a reasonable cost, small and medium-sized enterprises (SME)
in Europe and Asia face typical challenges like the lack of financial, technological and
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networking resources [6, 15]. Consequently, companies are searching for cost-efficient
solutions, specifically addressing their needs and unique situation, to optimize their pro-
duction processes. This ranges from the retrofitting of existing assets (like machines)
over the automated integration of expert knowledge to the implementation of lean
approaches [11].

To identify suitable optimization potential, a thorough process analysis is inevitable.
The appropriate level of detail and the cost-benefit-ratio of this analysis have to be con-
sidered carefully. Depending on the company’s goals (e.g. throughput time reduction,
Al-based quality control), the potential use of the information builds the basis for the
relevant data and knowledge that needs to be acquired. The paper focuses on the formula-
tion of a procedure to efficiently perform this information acquisition and simultaneously
create a profound knowledge gain of the employees on the production process chain and
the interconnections of the sub-processes.

We present an application-oriented method for the acquisition of information regard-
ing the production process which allows a straightforward realization of digital trans-
formation and optimization processes in SME. This information includes machines,
products, relevant data (e.g. order-related) and expert knowledge (e.g. adaptations of the
production plan, specific characteristics regarding machine utilization). The approach is
tailored to production companies of SME-type as it addresses their special requirements
like handling the available process documentation, including the rather high amount of
employees’ expert knowledge and producing as little additional costs for e.g. software
tools as possible. According to the typical steps for process analysis [13], we concen-
trate on the information acquisition and thereby providing transparency on the production
process.

The paper is structured as follows. Section 2 comprises the theoretical background
and the state of the art. In Sect. 3, the methodology for the process analysis is described.
A practical application in a production company is presented in Sect. 4, whereas Sect. 5
addresses further research questions.

2 Theoretical Background and Related Work

Results on the model-based approach as basis for production process analysis and opti-
mization can already be found in the literature. The model of a production process with
respect to realizing a proper quality management is given in [1]. Here, a general process
model is developed that allows a statistical analysis of the process, containing e.g. the
statistical distribution and the method for determining the capability and performance
(in the sense of long-term capability) of the process. However, aspects beyond statistical
process evaluation are not considered here.

A conceptual reference model for identifying and organizing production data is given
in [2], which aims at analysing and finding relations between the five dimensions produc-
tion, plant hierarchy, process, context and resources. The approach however concentrates
on the organization of digital factory data and does not take the connection with human
expert knowledge into account.

In [3], both the product and its production process including their mutual connections
are mapped. This allows the modelling of a configurable product as a directed multigraph,
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a set of (process) model and coupling constraints. Such an instance of the model provides
aconfigured product and the executable process for its production. Similarly, an approach
to design a manufacturing system is presented in [12]. Both do however not aim at
mapping the existing process chain.

Special focus on production control is set in [7], where a Petri net approach is pre-
sented in order to map production process-relevant data, which includes data on the
products and on the production facility. Even though we concentrate on the optimiza-
tion of production processes rather than production control, environmental factors are
a relevant aspect for us as well. A systematic literature overview on data acquisition is
presented in [4], which reveals that this field is highly granular and realizations differ
across machines, processes and on the plant level.

In conclusion, the acquisition of the relevant information for process modelling is
crucial for creating proper and meaningful images of the real processes. While process
modelling itself is a highly investigated topic, the practical realization of the information
acquisition has rarely been addressed in the literature, and to our best knowledge there
exist no standardized procedures or methods.

3 Methodology

The methodology presented below aims at acquiring information on production pro-
cess chains. It was developed by applying action design research [14], combining the
scientific study of a problem with the application in a real-life situation. Its goal is to
generate prescriptive design knowledge by learning from the realization and evaluation
in an organizational setting [10]. This was achieved by developing the methodology
together with a production company of SME-type which has the typical characteristics
we want to address: the motivation to improve the production process, a partly digitized
production process with both high-technological machinery and machinery in need of
retrofit, a significant amount of implicit knowledge of the employees. One advantage
of the methodology is its generalizability since the company-specific requirements (e.g.
level of digitalization) and the varying goals (ranging from simple retrofit to complex
real-rime data analysis) are considered in the process. Additionally, as it is described in
the upcoming paragraph, it is the goal to take into account and acquire all relevant infor-
mation and knowledge of the company’s employees. Therefore, the respective employees
are assigned various roles. The methodology can be applied to SMEs of different size
and complexity as it is process- instead of enterprise-oriented. Depending on the avail-
ability of different participants, certain roles can be condensed. As company-internals,
at least a decision-maker and an implementer must be involved.

We start by defining the relevant roles and designate the respective participants.
First, a process analyst (who can be internal, but usually is external) being familiar
with the methodology has to be included for implementation as well as guidance of
the company’s participants. On the company’s part, a decision-maker (e.g. CEO or
manager) is needed for formulating the target of the production process optimization.
Furthermore, a superordinate technology employee (the implementer) has to be involved,
who functions as knowledge carrier and interface between the process analyst and the
company’s employees. Regarding every production sub-process that is considered, both
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a worker performing this process and having profound knowledge on it (mainly for the
information acquisition; especially in small enterprises, this might be the technology
employee) as well as the respective team leader (for further inquiries and the final
release; this role can be taken by the decision-maker) are included. With the inclusion of
the different participants, a holistic view on the processes, the acquisition of all available
knowledge as well as a proper release process is guaranteed.

The procedure is illustrated in Fig. 1. After laying the foundations by defining the
target and choosing the respective relevant process chain, the acquisition of every sub-
process information is iteratively achieved by the conducting three steps visualized in the
middle part. These three steps have to be performed for each sub-process individually
(and chronologically according to their appearance within the process chain) such that
in the end, the outcome builds the basis for process optimization.
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Fig. 1. Visualization of the proposed methodology.

General Prerequisites and Target Setting: Using the top-down-principle, a product
family as reference object for the process optimization is defined. Therefore, first an
overview over the available product families is created. A prioritized choice is found
by evaluating certain criteria, which are split into primary (core) and secondary (sup-
porting) ones: Primary criteria, representing economic and technological factors, depict
the strategic view of the management (by key performance indicators, business environ-
ment, orientation and competitive differentiation of the company) and the operational
view w.r.t. the manufacturing process (by production quantities, importance and impact
of production know-how). The availability of relevant product/process information (e.g.
test plans, work instructions) is included as secondary criterion since it facilitates the suc-
cessful implementation of the procedure and, hence, influences the quality of the subse-
quent process optimization. To gather the relevant information to evaluate these criteria,
the process analyst interviews a decision-maker of the company to get an overview of the
company’s typology (e.g. size, vertical integration). Then, the shop floor is visited to get
a deeper understanding of the workflow. Expert interviews with a technology employee
who has profound knowledge on the production process complete the first insight. Now
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the reference product is chosen, and a flow chart of the relevant sub-process of the prod-
uct family as well as first rough drafts of event-driven process chains (EPC) are created
by the process analyst and the technology employee. EPCs were chosen because of their
easy understanding for the company and their expedient use ([9]; for a further discussion,
see Sect. 5).

Preparatory Work: The next three steps regard the acquisition of detailed information
on the relevant sub-processes. First, the planned procedure is announced to the worker
who is responsible for the execution of the considered sub-process, with focus on their
respective involvement. Furthermore, a preliminary short briefing between the process
analyst and the technology employee in which the rough draft of the respective EPC is
discussed helps to establish a uniform level of knowledge. New information gathered
from this discussion is included in the EPC.

Gathering Data and Expert Knowledge: The worker responsible for the execution of
the sub-process is consulted. He or she gives a detailed description of his or her tasks and
simultaneously executes them on the respective machine/workstation etc., while the pro-
cess analyst documents this knowledge. Note that this does not only include the typical
work steps, used machines or software but might also address implicit knowledge like
machine parametrization or typically arising problems. The focus is explicitly set on the
standard procedure and not on rarely occurring exceptions. The technology employee,
combining knowledge both on the acquisition procedure and on the company’s practical
processes, connects the internal staff and external analysts. To raise the worker’s moti-
vation to participate and to include a maximum amount of (implicit) knowledge (e.g.
regarding information flow, parametrization tasks, interaction with other work steps),
he or she is asked about his or her view on necessary or possible need for optimiza-
tion. Finally, the process analyst describes the further procedure to make the upcoming
involvement of the worker transparent.

Consolidation and Evaluation of the Results: The process analyst adds the new
information to the roughly designed EPC and transforms it into a detailed one, which
is then reviewed and improved by both the technology employee and, afterwards, the
worker responsible for executing the sub-process. The final release of the EPC is done
by the team leader. If he or she does not approve of the latest version, corrections are per-
formed by the team leader and the technology employee, which corresponds to the arrow
in Fig. 1 leading back to the gathering of expert knowledge. The worker responsible for
the sub-process is informed about the changes (as a benefit, internal differences in the
understanding of the processes are clarified). A subsequent check regarding semantic
accuracy and comprehensibility is made by the process analyst.

These three steps are repeated iteratively until every sub-process has been considered
and the respective information is acquired.

Outcome: As a result of the methodology, every sub-process of the process chain is
mapped as a process model, e.g. EPC (as in our case), Business Process Model and Nota-
tion (BPMN), Unified Modelling Language. This includes information on the technical
infrastructure, the used machines, hard- and software, relevant data and parametrizations,
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involved employees, material and information flow, informal information regarding the
overarching interaction of the sub-process (e.g. communication in case of high reject
rate) as well as sub-process-specific and overall suggestions for improvement. Hence,
the information of the process chain is systematized and the connections between the
different sub-processes are made transparent.

4 Practical Application

The procedure was developed using action design research methodology in cooperation
with a company producing tools (needles for knitting machines) in a high vertical integra-
tion (ranging from stamping of the raw material over forming to heat treatments). Since
needles are very delicate easily damageable, a comprehensive know-how is inevitable
for high production stability. Within a research and development project funded by
the German Federal Ministry of Education and Research, the initially rarely digitized
production process is optimized using Al-based data analysis to automatically identify
variations in the product quality for critical sub-processes.

The process analysis was realized using the procedure introduced above. For the
chosen product, a process chain containing 20 sub-processes was identified and inves-
tigated. Due to the pandemic situation, on-site visits were only possible in the early
stages. The majority of information acquisition and interviews with the company were
performed online. The most important perceptions are summarized in Table 1.

Table 1. Perceptions regarding the practical implementation of the methodology.

General prerequisites and target setting

— difficult to conduct digitally as on-site visit of running production (layout, size, routes and
temporal relations) is required for overall understanding (especially in the context of
complex production processes)

Preparatory work

— during the repetitive cycles of the acquisition process, the gradual qualification of the
technology employee led to more efficient realization

Gathering data and expert knowledge

— usage of EPC for modelling, which are easy to understand and map all relevant information,
facilitates communication with employees

Consolidation and evaluation of the results

— it is useful to plan additional time for the final release of the EPCs to account for possible
(un-)availability of the team leaders

(continued)
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Table 1. (continued)

General prerequisites and target setting

Acquisition of process information

— adigital conduction, which was necessary due to the pandemic situation, had no negative
influence on the results (however, photo documentation in this case is highly recommended);
this allows more flexibility in scheduling appointments with employees

— the rather high amount of repetitive check cycles involving different employees has various
positive effects:

o implicit employee knowledge is transferred into explicit one

o the awareness of employees for their own sub-processes, the neighboring ones and the whole

process chain has risen significantly, which led to an increased sense of responsibility for the

product and a reduction of uncertainties

o cross validation of employee and team leader raises quality of EPCs

o increased knowledge of employees in process modelling and information acquisition

o0 optimization potential becomes more transparent and is iteratively refined due to the gained

knowledge, transparency and understanding of the processes and their interrelations

5 Further Discussion and OQutlook

The initial application of the methodology in the above-mentioned company proved to be
a successful starting point for the digitization of the production line and the realization of
an automatic process monitoring to reduce the reject rate. The information acquisition,
specifically the documentation, led to the involved employees’ raised transparency on
the processes’ complexity as well as interconnections and intrinsically motivated them
to actively suggest improvements on the sub-processes. Especially in the project’s pro-
duction process optimization context, this proved to be a profound basis for conducting
the actual realization steps.

Even though the process requires a significant commitment of (personal) resources,
the step-by-step realization leads to higher transparency and an expedient competence
development of the involved employees. The knowledge gain regarding the processes
builds the basis for continuous improvement processes and, hence, a wide range of
optimization potential. The direct availability of the structured information builds the
basis for certification programs (e.g. for a quality management system), leading to a
better competitiveness. Applying the methodology is the starting point for the creation
of digital twins of assets like machines, products etc. Furthermore, the formulated assets
and their underlying architecture allow a risk analysis w.r.t. data security.

For process modelling, EPCs were prioritized because of their easy use and expand-
ability. Additionally, they were understood well by employees who initially were unfa-
miliar with process modelling. For our further research and application, we intend to use
BPMN:ss from start (note that EPCs can be used to create BPMNSs). Hence, the results are
also usable in connection with BPMN workflow engines for the visualization of the oper-
ational processes and the identification of optimization potential. This is especially of
high interest considering platforms (like BaSys [8]) that provide standardized solutions
for the optimization of production processes.
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The derived information can also serve for maturity models as the thorough analysis
of the production processes’ actual state allows a straightforward evaluation of the current
maturity level and the derivation of the necessary steps to achieve the envisioned target
(this is a typical procedure in the context of retrofitting, see e.g. [5]).

The experience and know-how of the involved employees significantly influence
the pace and quality of the information acquisition. A high benefit arises for a high
vertical integration and a large amount of (differing) sub-processes due to the binding
of (expensive) technology employees. It is part of our future research to develop an
assessment logic for the economic evaluation w.r.t. the company’s initial goals (e.g.
basis for digitalization, Al-based production process optimization or certification).

Acknowledgements
SPONSORED BY THE The project ProDaTEX: Data-driven production optimization through dig-
Federal Ministry italized process chains in the textile industry (011S21077) is funded by the
% of Education German Federal Ministry of Education and Research.

and Research

References

1. Alot, Z.: The model of the production process for the quality management. Found. Manag
9(1), 43-60 (2017)

2. Boniotti, G., Cocca, P., Marciano, F., Marini, A., Stefana, E., Vernuccio, F.: A conceptual
reference model for smart factory production data. In: Dolgui, A., Bernard, A., Lemoine, D.,
von Cieminski, G., Romero, D. (eds.) APMS 2021. TAICT, vol. 633, pp. 110-118. Springer,
Cham (2021). https://doi.org/10.1007/978-3-030-85910-7_12

3. Campagna, D., Formisano, A.: Product and production process modeling and configuration.
Fund. Inf. 124(4), 403-425 (2013)

4. Ekwaro-Osire, H., Wiesner, S., Thoben, K.-D.: Data acquisition for energy efficient manufac-
turing: a systematic literature review. In: Dolgui, A., Bernard, A., Lemoine, D., von Cieminski,
G., Romero, D. (eds.) APMS 2021. IAICT, vol. 633, pp. 129-137. Springer, Cham (2021).
https://doi.org/10.1007/978-3-030-85910-7_14

5. Franke, F., Franke, S., Riedel, R.: Retrofit concept for textile production. In: Lalic, B., Majs-
torovic, V., Marjanovic, U., von Cieminski, G., Romero, D. (eds.) APMS 2020. IAICT, vol.
592, pp. 74-82. Springer, Cham (2020). https://doi.org/10.1007/978-3-030-57997-5_9

6. Gherghina, S.C., Botezatu, M.A., Hosszu, A., Simionescu, L.N.: Small and medium-sized
enterprises (SMEs): the engine of economic growth through investments and innovation.
Sustainability 12(1), 347 (2020)

7. Gradisar, D., Music, G.: Production-process modelling based on production-management
data: a Petri net approach. Int. J. Comput. Integr. Manuf. 20(8), 794-810 (2008)

8. Kuhn, T.: BaSys 4.0. The Middleware for Industrie 4.0. Fraunhofer Institute for Experimental
Software Engineering IESE (2019)

9. Niziot, P, Wisniewski, K.K., Ligeza, A.: Characteristic and comparison of UML, BPMN
and EPC based on process models of a training company. Ann. Comput. Sci. Inf. Syst. 26,
193-200 (2021)


https://doi.org/10.1007/978-3-030-85910-7_12
https://doi.org/10.1007/978-3-030-85910-7_14
https://doi.org/10.1007/978-3-030-57997-5_9

11.

12.

13.

14.

15.

Optimization of Production Processes in SMEs 59

. Petersson, A.M., Lundberg, J.: Applying action design research (ADR) to develop concept

generation and selection methods. Procedia CIRP 50, 222-227 (2016)

Powell, D., Romero, D., Gaiardelli, P., Cimini, C., Cavalieri, S.: Towards digital lean cyber-
physical production systems: industry 4.0 technologies as enablers of leaner production. In:
Moon, 1., Lee, G.M., Park, J., Kiritsis, D., von Cieminski, G. (eds.) APMS 2018. IAICT, vol.
536, pp. 353-362. Springer, Cham (2018). https://doi.org/10.1007/978-3-319-99707-0_44
Ramirez, J., Molina, A.: Improving manufacturing system design by instantiation of the
integrated product, process and manufacturing system development reference framework.
In: Dolgui, A., Bernard, A., Lemoine, D., von Cieminski, G., Romero, D. (eds.) APMS
2021. IAICT, vol. 634, pp. 99-107. Springer, Cham (2021). https://doi.org/10.1007/978-3-
030-85914-5_11

Riskadayanti, O., Yuniaristanto, Sutopo, W., Hisjam, M.: Discrete-event simulation of a pro-
duction process for increasing the efficiency of a newspaper production. In: IOP Conference
Series: Materials Science and Engineering, vol. 495 (2019)

Sein, M., Henfridsson, O., Purao, S., Rossi, M., Lindgren, R.: Action design research. MIS
Q. 35(1), 37-56 (2011)

Yoshino, N., Taghizadeh-Hesary, F.: Major challenges facing small and medium-sized
enterprises in Asia and solutions for mitigating them. Asian Dev. Bank Institute (2016)


https://doi.org/10.1007/978-3-319-99707-0_44
https://doi.org/10.1007/978-3-030-85914-5_11

	Optimization of Production Processes in SMEs: Practical Methodology for the Acquisition of Process Information
	1 Introduction
	2 Theoretical Background and Related Work
	3 Methodology
	4 Practical Application
	5 Further Discussion and Outlook
	References




