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Dear readers;

Last year people might have hoped
that the escalation of the Russian oc-
cupation attempts might not last too
long, but the — perhaps naive — opti-
mists have been disappointed. Worse,
further latent conflicts have also esca-
lated, starting with the terror attack of
Hamas in Israel and recently with the
Huthi attacks on the cargo traffic
passing the Suez passage; most pro-
bably both with finance and military
support from Iran, who is also support-
ing Russia for their occupation with
arms and munition. The consequences
are harm and desperation among the
inculpable civil population, but also
massive impacts on the global trade
and supply. Thus, we face increasing
transport costs, production losses due
to materials arriving late or lost, and
barriers to export goods, e.g., through
the Black Sea. Logistics planners
world-wide need to reconsider their

strategies, conduct thorough risk
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analyses, and develop scenarios that
can quickly be implemented when the
situation calls for. At the conferences
that | was able to visit last year as well
asin the papers that | have received for
comments or reviews, global transport
and especially energy costs have been
a major focus point. As a perfect fit, a
new book on energy aspects of simula-
tion with plenty application examples
was set up by an ASIM working group
and finally published by Springer in
January 2024.

The time after the pandemic has given
us great new chances for personal sci-
entific contacts. Major events have
been the Big Techday 2023 in Munich,
the ASIM conference in Ilmenau, and
the Winter Simulation Conference in
San Antonio (TX); reports can be found
below. Furthermore, we were success-
ful in inviting Prof. Stephan Onggo
from the University of Southampton
for a two-week research stay in Dort-
mund to happen in May 2024.
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Our research group with about 15 re-
searchers is well developing, and we
expect several theses to be submitted
this year. Interesting results have been
achieved, but also honors such as the
Hans Uhde Award and the ASIM Simu-
lation Award, both dedicated to our
member Alexander Wuttke. Reports on
ongoing research topics can be found
in this newsletter. Several papers
could be published in 2023 about our
recent research, which you find listed
in this letter. For now, we hope that
you enjoy this little newsletter and
stay healthy!
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In 2023, the ITPL also further opti-
mized teaching for the mechanical en-
gineering, industrial engineering and
logistics degree programs. The course
"Planning and Implementation of IT
Projects" was offered in a project for-
mat for the first time and evaluated ex-
tremely successfully.

In addition, the ITPL continues to offer
Bachelor students information tech-
nology supplements with the two com-
pulsory elective modules "Fundamen-
tals of Simulation Technology" and "IT
Systems in Industrial Production". The
ITPL's modelling focus is supported by
the module "Modelling of Digital Eco-
systems in Production and Logistics".
In addition, the ITPL has prepared the
subject area of simulation for students
on the Bachelor's degree program in
Logistics as part of the course "Intro-
duction to Logistics".

In the Master's degree program, the
department continues to offer its own
profile for the Mechanical Engineering
degree program and was faced with
great interest in 2023. The “Data
Analysis and Knowledge Representa-
tion in Production and Logistics”
course in particular, which teaches key
skills such as data mining and data-
base analyses, is very popular with an
average of 100 participants in the
examination. The other three master
courses in our IT program are among
the ten best-attended courses of our
faculty, too.

Collaborations with other depart-
ments, institutions and industry part-
ners were again instigated as a core
aspect of ITPL teaching formats in
2023.

Capgemini was acquired as a new co-
operation partner for a master module
on project planning in IT business. Dr.
Christian Knobloch from Knobloch &
Grohn supported teaching on the
Bachelor's degree course with his own
teaching module on Process Model-
ling. Highly topical subjects, which are
the focus of our research activities,

could be brought into teaching through
practical examples from industry. The
lectures included topics such as test
automation of Redbots and interna-
tional guest lectures by Prof. Susan
Sanchez and Prof. Dave Goldsman
from the USA. We also had a very inter-
esting guest lecture on signal pro-
cessing from IVA Schmetz GmbH and
were given an insight into how
ChatGPT works by Prof. Stautner,
Head of Research at ModuleWorks
GmbH and professor at HRW.

The "Business Informatics Case
Study", which has already been suc-
cessfully carried out several times
with the company CGl, continues to be
a special institution. In 2023, around
20 students dealt with specific issues
in the field of big data analytics and
presented their results in small groups
to a panel of experts at a colloquium
day. We all really appreciate that CGl
will be offering this very popular for-
mat again in 2024 under the personal
direction of its director Kilian Hilpert.

Cooperation with Capgemini Deutschland
GmbH on realistic case study for planning
and implementation of IT projects (Adam
Kampa, CAPgemini und Alexander Wuttke,
ITPL)

Sohny, T.: Referenz-
modell  basierend
auf der Wertstrom-
methode zur Bewer-
tung von automatis-
jerten Materialfluss-
systemen der Pro-
duktion in der Ange-
botsphase. Gottingen. Cuvillier 2023.

Referenzmodell basie- |
rend auf der Wertstrom-
methode ziir Bewertung |

vonautomatisierten

Materialflusssystemen
der Produktion in der
Angebotsphase

Automated material flow systems in
production are highly dynamic and at
the same time very complex. Suppliers
have the challenge of guaranteeing a
minimum throughput performance for

February 2024

such customized material flow sys-
tems when submitting their offer.
Over-dimensioning, however, to en-
sure throughput, resulting in additio-
nal costs, leads to decreased compet-
itiveness.

With simulation technology, executa-
ble models can represent dynamic and
stochastic aspects of systems. Thus,
alternatives can be evaluated. How-
ever, simulation is too time-consum-
ing and cost-intensive at the time of
the bidding phase. Therefore, it is re-
gularly used only after an order has al-
ready been placed. Possible planning
errors are recognized late and lead to
cost-intensive adjustments.

In this work, a reference model based
on the value stream method is devel-
oped, which contributes to a reduced
modelling effort of simulation models
for automated material flow systems
at the time of the bidding phase. For
efficient modelling, the user of the re-
ference model
scheme developed for this purpose,
consisting of individual model ele-
ments with defined structures and re-
lationships. Each model element re-
presents a real system element of an
automated material flow system with
its characteristic properties, repre-
sented by system states, logic as-
pects, and attributes. The description
of the system elements, with a suita-
ble granularity for the bidding phase, is
based on the value stream method,
which is proven to be successful in the
industrial environment, extended by
the aspect of dynamics. The modular
structure of the construction scheme
and the description method allows for
an application-specific parameteriza-
tion and the selection of specific mo-
del elements. The user is supported by
a procedure for the specific use of the
model elements, in a structured sys-
tem analysis and the formal model de-
scription. With the execution of the
modelling according to the reference
model, the user receives a formalized
model, which can be implemented si-
mulator-specific in a simulation sys-
tem without further explanation. This
enables the supplier to secure his gua-
ranteed throughput per offer in the
shortest possible time and to increase
his competitiveness by studying what-
if scenarios.

has a construction
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The usability of the reference model is
demonstrated by a simulation study of
areal material flow system. It is shown
that the given structure and the de-
fined model elements support the de-
signer in the system analysis and mo-
del formalization in an application-
specific way and, thus, reduce the mo-
delling effort. The reliability and suffi-
ciently accurate representation is pro-
ven by a phased verification and vali-
dation and the comparison with a de-
tailed model.

Series “Fortschritte in der IT in Pro-
duktion und Logistik”, Vol 5, available
in book stores and online; print 84.90€;
e-book 59.90€.

A Reference Model for Quanti-
tative Sales Planning

Bittner, D.: PRefe-
renzmodell fir die
quantitative Absatz-
planung  innerhalb
der Supply-Chain-
Planung. Géttingen:
Cuvillier 2023.

Refereremodell filr die

quantitative Absatr-  ©

planung innarhalh der
Supply-Chain-Planung

Companies in the consumer goods in-
dustry often produce their products on
stock to be able to serve the end con-
sumer demand arising on the market
as quickly as possible. The sales quan-
tities resulting from the end consumer
demand are, thus, unknown at the
time of production. For this reason, a
planning function exists in the context
of Supply Chain Planning (SCP) that
generates forecasts of future sales. In
practice, forecasting is carried out us-
ing quantitative and qualitative me-
thods, whereby the use of quantitative
methods should serve as the infor-
mation basis for SCP. In the field of
quantitative sales planning (SP), chal-
lenges exist resulting from the in-
creasing complexity of supply chains,
unclear planning processes, the vari-
ety and complexity of forecasting
methods, and the data used. This dis-
sertation develops a reference model
for the sales planning function using
quantitative methods. The following
research-guiding question is investi-
gated: How should a reference model
be designed to support sales planning
and the use of data within quantitative
forecasting methods?

The goal of the reference model for
quantitative sales planning (RSP)
within SCP is to systematize the SP
process, methods, and data. The RSP
serves as a guideline for using compa-
ny data to create sales forecasts. In
doing so, the RSP supports the initial
integration of SP as well as its further
improvement. Defined maturity levels
guide in the implementation of SP.

A theoretical and practical analysis of
the challenges and the state of re-
searchinthe field of SP forms the star-
ting point for the development of the
RSP. A procedure model for reference
modeling was used and a require-
ments catalog for the RSP was de-
fined. A derivation of necessary func-
tions to fulfill the requirements forms
the basis for the design and develop-
ment of the RSP. The components of
the RSP, consisting of a process mo-
dule, amethod module, and a data mo-
dule, were initially developed sepa-
rately and integrated into one model. A
case study is used to examine the
achievement of the research objec-
tives and evaluate the utility of the
RSP.

The result is a comprehensive model
that consists of three maturity levels
and provides context between the SP's
process, methods, and data. In the
first maturity level, SP is systematized
to be as simple as possible so that it
can be implemented by many compa-
nies. As the maturity level increases,
the complexity of the SP increases. By
realizing the second and third maturity
level, more data is used in methods
that are more complex and further in-
fluencing factors of sales are taken
into account in the creation of fore-
casts. The process module represents
a structured procedural approach in
SP with the help of superordinate pro-
cess steps and further detailed sub-
process steps. The methods module
evaluates and categorizes 24 quanti-
tative forecasting methods based on
their complexity. The data module sys-
tematizes the forecast data into infor-
mation classes, which are grouped ac-
cording to their context. Furthermore,
the data module shows which data are
optional or obligatory for SP and in
which process step they are relevant.
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The RSP is the first reference model
that systematizes the process, me-
thods, and data of SP in a comprehen-
sive way and, thus, provides orienta-
tion for practical integration in compa-
nies.

Series “Fortschritte in der IT in Pro-
duktion und Logistik”, Vol 6, available
in book stores and online; print 99.90€;
e-book 70.50€.

Energy-related Simulation

Material flow simulation has been suc-
cessfully applied since about 50 years
to analyze and improve first the mate-
rial flow and later the related informa-
tion flow, enabling engineers to gain
deepinsights into the behavior of com-
plex modern production and logistics
systems. Sometimes, energy-related
aspects have been considered, but in
most cases indirectly, e.g., reducing
the runtime of equipment and in con-
sequence decreasing the energy con-
Sigrid Wenzel

sumption.
Markus Rabe

Steffen Strassburger
Christoph von Viebahn Edito

Energy-Related
Material Flow

Simulation in
Production and
Logistics
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However, in the last decade, the im-
portance of respecting energy in the
processes has become more and more
important, and the pressure to reduce
the environmental footprint of produc-
tion and logistics systems will inten-
sify in the upcoming decade. There-
fore, enterprises have started to inte-
grate the use of energy into their plan-
ning processes much more frequently
than before, even constructing feed-
back loops, e.g., from energy control to
production control. This receives addi-
tional attention with the increasing
use of renewable, but less reliable,
energy sources. Care must be taken to
establish processes that aim to use
energy when it is available. As an ex-
ample, many industrial processes like
melting or coating have significant
energy demands, but could vary the
point of time of its consumption within
specific limits, leading to a very high
complexity.

Simulation is the technology of choice
for such complex interconnected sys-
tems. Nevertheless, there was no sa-
tisfying overview on the current ap-
proaches and applications of conside-
ring energy for production and logis-
tics simulation. To fill this gap, a new
book originating from an ASIM working
group and published by Springer Inter-
national introduces the approaches to
model energy-related aspects in this
context that are available today, dis-
cusses the construction and applica-
tion of energy-specific performance
indicators and analyses the input in-
formation that needs to be acquired
before implementing suitable models.
On this basis, the technical solutions
are introduced.

For the practical implementation and
illustration, a second part of the book
is divided into six chapters, each re-
lated to one application field, such as
automotive, perishables, or transpor-
tation. In each of these chapters, writ-
ten by related experts, the specific
performance indicators and required
data are introduced, challenges to the
conceptual modeling explained with
their solution approaches, and, finally,
examples given for the application of
these approaches. Thus, these chap-
ters can support the engineers of the
related domains to understand the

scope and tasks for a suitable simula-
tion model, and to achieve an estimate
of the effort it might require and the
benefits it could yield.

The book is aimed at engineers and
scientists investigating on energy use
aspects that are connected to the ma-
terial flow in production and logistics
systems in a broad sense, including
any kind of transport, buffering, and
the control of interrelated processes.
The provided state of the art helps en-
gineers to select and understand mod-
eling techniques that are suitable for
their specific tasks. It also forms a
sound base for further scientific re-
search, and can be used in advanced
teaching, e.g., for university masters,
to educate engineers in this field with
massively growing importance: Few
engineers studying today will not be
concerned with energy efficiency top-
ics in their business career. For the
practitioners, the chapters in the se-
cond part of the book give even more
specific hints how to handle typical
energy-related questions in the spe-
cific branches, and also provide an il-
lustration of possibilities that engin-
eers can take as sample or as a stimu-
lus for their own work. Finally, mana-
gers that are responsible for decisions
in the improvement of energy use and
the application of simulation find pre-
cious samples and can improve their
understanding of the technology’s
benefits and challenges.
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data and simulation-based data ge-
neration. The certificate was awarded
in May 2023 at the thyssenkrupp Uhde
auditorium.

https://www.itpl.mb.tu-
dortmund.de/publikationen/
MA_2022_Wuttke.pdf

Alexander Wuttke and supervisor Joachim
Hunker at the award ceremony in the
thyssenkrupp Uhde auditorium

ITPL in the New World: Winter
Simulation Conference and
Around

Hans-Uhde Award for
Alexander Wuttke

ITPL is proud to report that our team
member Alexander Wuttke has re-
ceived the Hans-Uhde award 2023 for
his outstanding master thesis on the
topic “Development of a graph-based
simulation tool for logistics networks
in a data farming framework”. The the-
sis discusses the need for novel simu-
lation tools that are tailored towards
processing highly connected graph

In December 2023, we had the plea-
sure of presenting several papers at
the famous Winter Simulation Confe-
rence in San Antonio, Texas, USA, a
premier event in this field, which is
bringing together experts and enthusi-
asts from around the globe to discuss
the latest advancements and chal-
lenges in modeling and simulation (see
publication list in this letter). Alexan-
der Wuttke and Katharina Langenbach
were able to present and discuss to-
pics from their research. Joachim
Hunker and Katharina Langenbach
also had the honor of chairing a ses-
sion each in the “Logistics, Supply
Chain Management, and Transporta-
tion” track. In addition to chairing this
track, Professor Rabe participated in
the panel on the opportunities and
challenges of using simulation in
digital twins, which was received with
great interest. Overall, the conference
offered the opportunity to attain

plenty new valuable contacts and
4
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discuss with old friends and collea-
gues, as well as to engage in a number
of highly interesting conversations and
discussions of a really high-quality
conference.

Fruitful discussions: Andrea Matta, Joachim
Hunker, Katharina Langenbach, Alexander

Wuttke, Markus Rabe

Markus Rabe at the panel

Before and after the conference, we
also took the opportunity to explore a
little bit of the south-west of the USA.
We visited the cradle of jazz, New Orle-
ans, explored the countryside on a
swamp tour, got to know the wildlife of
the USA in a gator park and learned
about the history of the USA on a for-
mer slavery sugar plantation and by

visiting ancient Spanish mission buil-
dings, among other impressive sights.
The city of San Antonio is world-fa-
mous for the five Spanish frontier mis-
sions from the 18th century, which are
part of the world cultural heritage. The
city also offered the opportunity to en-
joy excellent Latin American cuisine
and to network and exchange ideas
with colleagues over dinner.

Katharina Langenbach and Alexander

Wuttke caressing exotic animals
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New Orleans, typical southern architecture

Louisiana swamps and wildlife

The really beautiful mission San José
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Old church of mission Conception outside
San Antonio

Gardens of “The Alamo” mission area in San
Antonio

Steel sailing ship ELISSA in Galveston

the outstanding scientific quality, the
audience was fully committed, and
even at Katharina’s talk, which was the
very last one of the entire conference,
the lecture room was completely full.

Katharina Langenbach during her talk

ITPL is especially proud that Alexander
Wuttke has received the ASIM Simula-
tion Award 2023. Every two years, ASM
honors outstanding thesis in the field
of simulation and is generously spon-
sored by SimPlan Group, InControl En-
terprise Dynamics, and Siemens. Ale-
xander was invited to present his re-
search on the development of a graph-
based simulation system in the pl-
enary to the whole conference audi-
ence.

the sponsors:
Christoph Laroque, Geert-Jan van Nunen,
Alexander Wuttke, Matthias Heinicke. Sven
Spieckermann (© photo TU llmenau Dino
Junski)

Award ceremony with

Big TechDay 2023

ASIM Conference in Ilmenau

Every two years, the ASIM Conference
Simulation in Production and Logistics
attract the German-speaking simula-
tion community with high-quality talks
and an excellent environment to dis-
cuss recent simulation developments
with academic and industrial experts.
The 20t conference in Ilmenau (Thu-
ringia) was attended by Markus Rabe,
Alexander Wuttke, Tobias Klima, and
Katharina Langenbach, diving into 2%
intense days with up to four parallel
talks and thrilling discussions. Due to

Everyyear, TNG Technology Consulting
in Munich organizes a conference,
where leading-edge developments in
information technology are presented
and discussed. The talks at the Big
Techday 2023 covered, among others,
fascinating topics like quantum com-
puters, latent diffusion models, chal-
lenges moving regolith on the moon’s
surface, and surveying the Cheops py-
ramid. Participation to the Techday is
only on invitation, and Alexander
Wuttke and Katharina Langenbach
were lucky to get hold of tickets. This
was also a great chance to discuss our
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recent research with TNG Consulting's
senior consultant Maik Deininger, who
is alumni from ITPL with his Ph.D. in
2018. We express our gratitude to TNG
Consulting for the invitation!

At the Big Techday 2023 in Munich: Alexan-
der Wuttke, Katharina Langenbach, Maik
Deininger

The Big Techday leaves a chance to Alexan-
der Wuttke and Katharina Langenbach to get
a spot on Munich, here in front of the “new
major’s house” in neo-Gothic architectural
style

Research Project DIONA

The ITPL participates in the DIONA pro-
ject, which started in 2023 and aims to
design a digital ecosystem for a sus-
tainable circular economy in the auto-
motive industry. The importance of
sustainability can be illustrated by the
so-called "Earth Overshoot Day",
which shifts from year to year towards
the beginning of the year. It describes
the day on which the natural resources
of a year are consumed by mankind.

6
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For this reason, sustainability is beco-
mingincreasingly important and is dis-
cussed in research, politics, and in-
dustry. Since 2015, when the United
Nations agreed on both the 1.5- degree
maximum earth warming target and
the Sustainable Development Goals,
the desired guard rails for further glo-
bal sustainable development have
been set. Germany, too, declared to
become climate-neutral by 2045. How-
ever, the transportation sector in par-
ticular will not be able to meet the tar-
geted emission reductions. The car as
the main means of transport as well as
the associated industry make a deci-
sive contribution to emissions. There-
fore, it seems necessary — also in the
course of a transformation towards e-
mobility — to understand products and
production processes holistically and
to share the knowledge gained in this
way. In particular, the adaptation of a
circular economy approach, i.e., a ho-
listic product life cycle view, is
explicitly part of the European and
German sustainability strategies and
promises to reduce both the need for
raw materials and CO, emissions while
promoting jobs and economic growth.
Both decarbonizing the mobility sector
and enabling sustainable, efficient,
and innovative mobility is an explicit
promise agreed among the ruling par-
ties in the German coalition agreement
for 2021-2025. However, the status
quo shows that many companies are
unable to benefit from these advances
related to sustainable value streams.
Research illustrates that there is a
lack of widespread guidelines and
methods for establishing sustainabi-
lity in industrial activities, even though
sustainability has a major impact on
ecology, economy, and society. There-
fore, the DIONA project addresses the
need for a joint elaboration of sustain-
ability measures to obtain a holistic
understanding of sustainability, chal-
lenges, and problems. For a future
sustainable development, it is neces-
sary to identify best practices in the
automotive industry as well as socio-
political incentives or obstacles.

Currently, the ITPL focuses on setting
up a simulation model for the hybrid
simulation of a sustainable cycle pro-
cess for hydrogen fuel cells in the au-
tomotive industry. The aim of the si-
mulation is to gain detailed insights

into different levels and aspects of
these processes. An important aspect
here is the reuse of fuel cell elements.
Additionally, the ITPL contributes to
the project by identifying stakeholder
requirements regarding verification
and validation of certain key perfor-
mance indicators in the domain of en-
vironmental impact and sustainability.
From these requirements, best prac-
tices for the self-evaluation of partici-
pants in the circular economy can be
derived.

DIONA team meeting

The project is carried out in collabora-
tion with the Fraunhofer Institute for
Software and Systems Engineering
(Dortmund) as well as the departments
of Industrial Information Management
(TU Dortmund), Sociology of Techno-
logy (TU Dortmund), Business Informa-
tics (TU Chemnitz), and Alternative Ve-
hicle Drives (TU Chemnitz). DIONA is
funded by the German Federal Ministry
of Education and Research under “The
Future of Value Creation — Research on
Production, Service and Work” initia-
tive. The main contact person for this
project at ITPL
Scheidler.

DI=>NA

www.diona-hub.de

is Anne Antonia

RUNNING RESEARCH

Sahil-Jai Arora (M. Sc.)
is an external Ph.D. stu-
dent at ITPL and cur-
rently works as a pro-
e #8¢  duct owner of field data
analysis at Bosch Home Comfort
Group in Wernau, Germany.
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Modern heating systems are often
continuously exposed to loads over a
long period of time — usually up to 20
years. Due to the variable operating
conditions, the actual lifetime in the
field can only be estimated to a very
limited extent. In particular, the super-
imposition of different component-
specific damage mechanisms and load
profiles is challenging.

Defective components are replaced
during scheduled service visits or due
to unexpected failures. A possible pre-
dictive reliability approach can lead to
optimized maintenance and service
concepts on the manufacturer side by
evaluating field data for predictive
fault detection. At the same time, exis-
ting lifetime models can be optimized
through data-driven relation of system
and operating conditions. Recording
field data at the customer’s site and
processing it into load profiles enables
customer-oriented dimensioning of
heating systems even on component
level.

Different industries face the challenge
of developing a reliability prognosis
model, hence necessitating standardi-
zation of model development. The re-
search addresses this challenge by
developing a reference model for relia-
bility prognosis of heating systems,
which will enable the reuse of know-
ledge and practices in the form of a de-
sign scheme. This design scheme shall
help the companies to define their
roadmap in developing reliability prog-
nosis models depending on their indi-
vidual maturity level, but also define
the step-by-step process from idea to
reliability knowledge discovery and
implementation.

13 Jorge Chicaiza-Vaca (M.
i Sc.) is currently pursuing
a Ph.D. at ITPL in the field
of Urban Logistics Sys-
tems Simulation—-Optimi-
zation Models. He currently leads the
Transportation and Logistics Systems
Research Center, a pioneering initia-
tive within the private transportation
sector in Ecuador. The center is at this
time focused on two research projects:
the integration of passenger and
7
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freight transport using Quito's new
metro infrastructure, and the estab-
lishment of a knowledge network for
efficient energy in freight transporta-
tion. This collaborative effort involves
15 public and private companies and
collaboration with the Ministries of
Energy and Environment, supported by
the Deutsche Gesellschaft fiir Interna-
tionale Zusammenarbeit (GIZ). The pri-
mary objective of the knowledge net-
work is to promote understanding and
dissemination of information regard-
ing energy-efficient practices in
freight transportation. By fostering
collaboration among stakeholders, in-
cluding industry professionals, resear-
chers, and policymakers, the network
aims to drive improvements in energy
efficiency, reduce environmental im-
pact, and encourage sustainable prac-
tices in the freight transportation
sector.

His research focuses on automated
parcel lockers (APL), such as pack-
stations or locker boxes. Simulation
and optimization techniques play a
crucial role in delineating the APLs
scheme as an urban logistics solution.
His dissertation integrates a system
dynamics simulation model with a fa-
cility location model, specifically tai-
lored for the application of APLs in the
cities of Dortmund (Germany) and
Pamplona (Spain), serving as compre-
hensive case studies. In addition, in
collaboration with Prof. Rabe and Prof.
Gutenschwager (Ostfalia University of
Applied Sciences), a book chapter and
paper were presented in related re-
search. The publications address con-
nections between APLs and potential
customer behavior, exploring a range
of scenarios. An important oversight in
existing APL studies is the omission of
pollution arising from customers re-
trieving their parcels. The research has
filled this gap by employing a simula-
tion-based sensitivity analysis. The
findings underscore that incorporating
this final transport step into the calcu-
lations raises a notable shift in the en-
impact, especially in
outer city districts. The proposed mo-
dels endeavor to enhance the system
representation of APLs, offering a no-
vel evaluation tool to guide future im-
plementations of APLs as an efficient
last-mile logistics system with envi-
ronmentally friendly practices.
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With growing amounts of data, know-
ledge discovery in databases is re-
quired to cope with analysis tasks. The
fact that subject matter experts are
also overwhelmed by the volume of
data and that there is a shortage of
subject matter experts at the same
time underscores the relevance of
more-sophisticated analysis methods
such as data mining. For many manu-
facturing companies it is unclear,
which methods to apply in data min-
ing. An implementation of each data
mining technology requires data pre-
processing to match the specific data
mining algorithm and to ensure a
suitable data structure. Also, data
quality deficiencies must first be iden-
tified and quantified so that suitable
data preprocessing methods can be
selected. Preprocessing the data
takes up to 80 % of the time for a
knowledge discovery process and pre-
vents fast and precise analysis. To ad-
dress this issue, more-developed pre-
processing and data quality assess-
ment methods are presented in the li-
terature. These methods address au-
tomation potential in data prepro-
cessing as well as increasing the over-
all preprocessing performance. There-
search focusses on an adaptation of
the data preprocessing phase to cre-
ate a framework combining advances
in data preprocessing and data quality
assessment methods in a structuring
approach. This approach targets to re-
duce deficits in data preprocessing in
order to improve the overall data mi-
ning result and, thus, provide a more
valuable knowledge discovery.
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Joachim Hunker(M. Sc.)
is an external Ph.D. stu-
dent at ITPL and cur-

'rh" rently working as depu-
ty head of the depart-

ment logistics at the Fraunhofer Insti-
tute for Software and Systems Engi-
neering. His research interests include
simulation-based data generation,
non-relational databases, and know-
ledge discovery in databases.

Nowadays, supply chains are fairly
complex systems. Due to the comple-
xity, decision-makers in supply chain
management are confronted with vari-
ous logistics tasks that can no longer
be answered manually. Therefore, de-
cision makers are supported by IT sys-
tems such as logistics assistance sys-
tems. A key factor in supporting deci-
sions in supply chain management is
gaining and visualizing knowledge.
One of the widely established methods
in theory and practice is known under
the term knowledge discovery in data-
bases. The core phase of the know-
ledge discovery process is known as
data mining. Applying successful data
mining, e.g., to find useful and previ-
ously unknown patterns, relies heavily
on avalid and preprocessed input data
basis, which is usually stored in a da-
tabase. A challenge is that these con-
sist of mainly observational data,
which leads to different flaws. Typical
examples are low data quality, e.g.,
missing or out-of-range data. A way to
address this problem is simulation-
based data generation, called data
farming. The process of data farming
uses large-scale experiments to grow
massive amounts of synthetic data as
simulation output. This enables the
application of analytical methods on a
well-suited database to support deci-
sion makers in supply chain manage-
ment in answering complex logistics
tasks. In this context, Joachim Hunker
focuses his research on combining
data farming and data mining in a lo-
gistics assistance system to support
decision makers in supply chain ma-
nagement.
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In recent years, the world has em-
barked on a process of technological
revolution, which is expected to signi-
ficantly reshape the fundamental as-
pects of both individual and corporate
life. This transformation, character-
ized by unprecedented dimensions in
terms of scale, scope and complexity,
is driving revolutionary changes in the
operating paradigms of businesses
across multiple sectors. Within this
paradigm shift, manufacturing and lo-
gistics companies will be no exception.
They face challenges such as in-
creased competitive pressures, the
need for faster time-to-market, strin-
gent quality requirements, and the es-
calating intricacy of products and pro-
cesses. The response to these chal-
lenges is the deliberate adoption of in-
novative tools and methodologies.
Among these tools is machine learning
as a means of gaining critical know-
ledge. This process involves the ex-
traction and aggregation of critical
data, the identification of patterns and
the derivation of much sought-after
new insights. Nonetheless, a signifi-
cant drawback lies in the time-inten-
sive procedures required for both data
preparation and model development,
coupled with the frequent absence of
model reusability. In addition, consi-
derations of model reusability and the
significant
quired to adapt pre-existing models
are other factors that require atten-
tion. Automated Machine Learning
(AutoML) can be applied to solve the
problem of model developmentin a va-
riety of cases. The use of AutoML in-
creases the speed of model genera-
tion, but at the expense of result qua-
lity due to the lack of use of domain
specific knowledge. The research fo-
cuses on overcoming this challenge for
classification problems in the field of
quality management in discrete manu-
facturing. The proposed methodology

resource allocation re-

introduces a novel approach for inte-
grating domain information into the
AutoML learning process and impro-
ving its usability for domain experts.

Emre Kilic (M. Sc.) is an
external Ph.D. student at
ITPL and currently wor-
king at Volkswagen AG in
Wolfsburg.

The automotive industry must deal
with wide-reaching challenges and
changes. A continuous gain of signifi-
cant competitive advantages in a high-
ly competitive market requires auto-
motive manufacturers to produce new
products with a large diversity of vari-
ants at ever-shorter time intervals. As
a result, the frequency of series laun-
ches has increased and the need for a
sophisticated vehicle project manage-
ment and an efficient handling of vehi-
cle changes and model updates along
the product process has gained signi-
ficant importance. However, current
project management practices and
frameworks utilized by automotive
manufacturers do not effectively ad-
dress this demand, e.g., the goal of in-
creasing operational efficiency and
productivity as well as establishing
continuous improvement are not suffi-
ciently achieved. While these goals are
traditionally common place in certain
fields of the automotive manufactu-
ring, e.g., in production, logistics, or
warehousing, their dedicated conside-
ration in the vehicle change manage-
ment and model update of vehicles has
not been examined thoroughly in the
required extend.

Final assembly line of the ID.3 in a produc-
tion plant (photo: Volkswagen)
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The conducted research aims to apply
the concept of a traditional digital twin
within the context of business proces-
ses. This results in the emergence of a
new concept referred to as a digital
business process twin. The novelty of
this concept lies in the proposition
that the development of a digital twin
related to business processes should
undergo an evolutionary progression
through successive steps. The unique-
ness of this research primarily arises
from the integration of the terms digi-
tal model, digital shadow, and digital
twin into a maturity-based concept,
with a particular focus on business
processes.

Enhancemen%
ﬁ
Digital

Digital = Business
Digital = Business Process
Business Process<  Twin

Digitalization

Process ¢ Shadow
Model
People
Process
Technology
Data
Controls

Operational Excellence

Evolutionary phases in the development of
the digital twin in the context of business
processes (maturity model)

Tobias Klima (M. Sc.) is a
member of the Graduate
School of Logistics in
Dortmund. He is conduc-
ting his doctorate re-
search at the ITPL and is
sponsored by the company Vorwerk &
Co. KG.

In supply chain management, the fo-
cus has shifted to more sustainability
and resilience. Demand forecasting is
often the basis for process planning
and has a major impact on production.
In order to act in a more customer-ori-
ented way and satisfy customer needs
quickly, forecasting future sales based
on historical data is essential for
sales. Accurate sales planning helps to
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provide the demanded products in ad-
vance of the emerging customer de-
mand. The research of Tobias Klima in-
vestigates how simulation can support
the creation of sales forecasts in
multi-channel sales. For this purpose,
it will be investigated whether simula-
tion methods from logistics and pro-
duction can be transferred to multi-
channel sales and which other me-
thods of forecasting can be combined
with simulation. To validate the simu-
lation model, it is applied to the pro-
duct distribution of a large German
household goods manufacturer. Sales
and marketing data from the company
are used to create the model.

Henrik Kérsgen (M. Sc.) is
an external Ph.D. student
at ITPL and currently wor-
P 4 king as a SCM IT consul-
tant with dxk GmbH in Zurich, Switzer-
land.

Disruptions in the supply chain are not
an exception anymore. Geopolitical
tensions, the climate crisis and shor-
ter life cycles demand for adequate lo-
gistical solutions. Traceability of the
goods flow in the supply chain is con-
sidered a must today and — even more
—in the future. Track & trace solutions
are an important technical basis to
reach this goal.

The question is how to implement
track & trace solutions such that the
logistics operations are covered holis-
tically. Previously, a three-pillar digital
enterprise
was designed. It guides enterprises
that ship high-value goods, on where
to start with the integration of track &
trace solutions and which procedures
to follow in their planning. By creating
a track & trace demand catalogue, a
first selection of the feasible technical
options is achieved.

architecture framework

Currently, the focus is on blockchain
technology for track & trace solutions.
With the rapid introduction of new
web3 applications, blockchain offers
several advantages compared to other
programmable technologies. The im-
mutability, the security, and foremost
the traceability of changes to each of

the blocks are important advantages.
The next step is to create a demonstra-
tion case that connects a logistics sys-
tem landscape with a blockchain Hy-
perledger and to derive important in-
sights on the implementation of track
& trace applications based on block-
chains.

"BE  Katharina Langenbach
(M. Sc.)is aresearch as-
sistant at ITPL since
February 2023. Before
that she studied Mecha-
nical Engineering at TU
Dortmund University and majored in
modelling and simulation in Mecha-
nics. Ms. Langenbach has been em-
ployed at ITPL as a student researcher
since 2018. Her research interests in-
clude automation, simulation, proce-
dure models, quality management,
and NoSQL databases.

The use of decision support methods is
facilitated by increasing amounts of
available data and recent technolo-
gies. The choice of the right decision
support method and the right level of
detail depends not only on the objec-
tive, but also on the understanding of
the system and the available data. For
these reasons, a structured and itera-
tive approach is required to select, im-
plement, and refine a suitable decision
support method. Verification and vali-
dation must also be considered to en-
hance the credibility of the results ob-
tained. An iterative approach in-
creases the understanding of the sys-
tem to capture the objective of the de-
cision support more precisely. More-
over, it may be necessary to apply se-
methods in such iterations,
which change with increasing under-
standing of the system and the result-
ing objectives. Furthermore, data are
available at various levels of granula-
rity, ranging from operational IT sys-
tems from time-bound individual
events to highly aggregated perfor-
mance indicators in several dimen-
sions. Aggregated values can be cre-
ated by combining basic information or
by making estimates based on aggre-
gated performance indicators from the

veral
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past. The challenge is that these data
can be aggregated both too high and
too low without established proce-
dures for the systematic transfer of
levels to enable the use so the data in
the chosen method. When an iterative
approach with adapting methods is se-
lected for decision support and data
have to be manipulated and aggre-
gated or disaggregated, verification
and validation must be embedded in
the general approach. This should be
done as automatically as possible in
order to minimize the effort and ma-
ximize the acceptance of the imple-
mentation.

Trang Nguyen-Krogull
(M. Sc.) is an external
Ph.D. student at ITPL
and currently working
as Automation Integra-
tion Leader in Customer
Fulfilment with Automation integra-
tion of INGKA IKEA.

The ongoing market and e-commerce
developments, combined with the in-
creasing customer expectations in
omnichannel customer points and
shorter lead time, the home furnisher
companies have an increased interest
in automated order picking systems.
Although technologies for automated
order picking processes are develo-
ping rapidly, picking of the unergo-
nomically heavy flatpacks is mainly
done manually. This is due to the flexi-
bility of manual processes, but also to
the long planning and evaluation time
of these complex processes. Auto-
mated order picking solutions support
the requirement of a more ergonomic
working environment and can provide
more density and productivity. But, it
also makes the overall intralogistics
process more complex, which leads to
a more time-consuming and complex
planning and evaluation process.

Currently, the planning and evaluation
still involve years of preliminary stu-
dies, development projects, data col-
lection, and evaluation to reach the
successfulimplementation of an auto-
mated order picking process of heavy

flatpacks. Furthermore, the existing
10



i.t ITin Produktion
und Logistik

guidelines for the generic determina-
tion of performance availability leads
to a time-consuming discussion in the
specification phase, as they are not
specifically dedicated to the techno-
logy that is used in intralogistics solu-
tions for heavy flatpacks.

The aim of our research is to develop a
reference model to contribute to a
more efficient and less time-consu-
ming planning and evaluation phase
for automated order picking processes
of heavy flatpacks. The reference mo-
del shall provide a conceptual frame-
work with standard process descrip-
tions and best-in-practices. It builds
up the foundation by providing the
planner an understanding of signifi-
cant concepts, entities and relation-
ships that needs to be considered. The
usage of the reference model in com-
bination with an early integration of si-
mulation into the planning process has
the benefit that the complex intralo-
gistics solutions can be validated and
verified in an early stage. The usage of
simulation gives the possibility to con-
sider the pre- and post-processes in
addition to the generic guidelines.

Creating Customized Actions
for the Simulation of Logistic
Networks

Dominik  Schmitt (Dipl.-

Inf.) serves as an external

Ph.D. student affiliated

with ITPL and is currently

* employed as a research

associate at the Fraunhofer Institute

for Material Flow and Logistics in Dort-
mund.

Today's logistics networks are intri-
cate systems influenced by various in-
ternal and external factors. To ensure
optimal performance and adaptability
to these influences, continuous ad-
justments to the system's structure
and configuration are necessary. The
nature of these adjustments is deter-
mined by diverse objectives, such as
profit maximization, altering the pro-
duct range, or incorporating new sup-
pliers.

Managing and optimizing such com-
plex systems pose significant challen-
ges for professionals. In response to
this challenge, ITPL has developed a

Decision Support System (DSS) de-
signed to assist users by recommen-
ding strategic actions for their specific
logistics network. This DSS addresses
various logistics aspects and selects
the most effective sets of integrated
actions from a predefined catalog,
considering their interdependencies.

However, the suggested changes in
the DSS are typically predefined within
the simulation program. To enhance
the flexibility and user-friendliness of
the DSS, a concept has been deve-
loped to derive specific actions from
generic action types. Achieving this in-
volves the creation of a method for
generating, integrating, and executing
user-generated generic action types.

ITPL is tackling this challenge by deve-
loping a formal description of changes
in Discrete Event Simulation models
for extensive logistics networks in the
form of a domain specific language.
Through this language, changes can be
transformed from a highly technical
level to a more intuitively accessible
format, such as a graphical editor. On
this abstraction level, users can modi-
fy or create new actions and seamless-
ly apply them to the simulation model.

Method for Real-time
Forecasting of Production Key
Figures

Erwin  Sirovnik  (Dipl.
Wirt.-Ing.) is an external
Ph.D. student at ITPL and
working for thyssenkrupp
Rasselstein GmbH in An-

dernach.

Nowadays the production scheduling
pursues several objectives inside a
flexible flow production in the steel in-
dustry, which are mainly located in the
field of logistics. Besides an adher-
ence to delivery dates, the primary tar-
get within a steel industry — characte-
rized by capital-intensive plants - is
represented by running at full capaci-
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ty. Further objectives based on pro-
duction key figures like maximized
material productivity, minimized ener-
gy costs, improved quality, etc. are
only covered to some extent, if any,
manually by a responsible planner
with few general rules. Although there
are individual isolated solutions for
specific plant-related objectives, e.g.,
on the subject of quality, a holistic
view is still missing. These aspects are
gaining importance — especially in si-
tuations of unplanned events like
plant or material failures within an in-
termediate production step — regar-
ding re-scheduling of the planning ob-
jects in the short-term.

Packaging steel (photo: thyssenkrupp Ras-
selstein)

In order to cover this resulting com-
plexity, a production scheduling has to
be developed that generates opti-
mized production plans for each indi-
vidual material unit at each production
step considering all available data
from the shop floor. Thereby, the
multi-objective optimization must be
supported by a real-time-capable
forecasting of all relevant production
key figures derived from machine lear-
ning and data mining approaches on
data concerning quality, orders, main-
tenance and further relevant informa-
tion. On this basis, transparency re-
garding all key performance indicators
concerning the production as well as
an immediate reaction to critical situ-
ations like insufficient target values
will be enabled.

World’s largest production site for packa-
ging steel premises in Andernach (photo:
thyssenkrupp Rasselstein)
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Due to the growing complexity of intra-
logistics systems, the use of ware-
house management systems (WMS) is
becoming increasingly attractive for
companies. As an often business-criti-
cal management system of internal
material flows, however, their imple-
mentation or change is complex and
carries risks. Especially the insuffi-
cient knowledge of companies about
their own processes leads to a high ca-
pacity and cost burden due to the
time-consuming involvement of their
own experts and, often, also contrac-
ted WMS consultants. In this context,
models and modeling methods are
gaining additional importance. But,
particularly in intralogistics with its
special demands and characteristics,
there is a lack of methodological sup-
port for mapping and transferring pro-
cess knowledge appropriate for the
WMS implementation. The consequen-
ces, besides a low level of acceptance
among the affected employees, are
project abortions and production
downtimes. Therefore, we developed a
modeling methodology
with dedicated components that sup-
port the specific requirements for mo-
deling intralogistics processes for im-
plementing WMS. Central components
of the framework are a reference ar-
chitecture that defines the content
and scope of the modeling, a modeling
methodology describing the mapping
process and a modeling language that
provides model elements for specific
intralogistics modeling.

framework

Photo TU Dortmund, Roland Baege

Willian Vent (M. Sc.) is
an external Ph.D. stu-
dent at ITPL and cur-
rently working at the
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Determining ideal structures of pro-
duction networks poses a challenging
task for manufacturing companies
nowadays. In order to gain competitive
advantages, companies are attemp-
ting to make their production activities
more agile.

In recent decades, the term agility has
been coined by agile software develop-
ment and adapted for various disci-
plines and applications. Currently, agi-
lity is experiencing a renaissance in
the context of production and is seen
as a promising field of research for the
production of the future and as the
answer to rapid and disruptive change.
The challenge of agile production net-
works is characterized by a high de-
gree of complexity due to the growth
process, which usually continues for
decades, the variety of influencing fac-
tors and the simultaneous multitude of
design options. This results in indivi-
dual production sites in the network,
which rarely lead to an optimal and ho-
listic design of a production network
that fulfils the expectations of an agile
production.

A way to address this problem is a
combined approach of simulation and
machine learning. As an approach, be-
sides the generation of a database by
simulation, machine learning can be
used to generate design strategies for
production networks that differ from
known solutions patterns.

™ Alexander Wuttke (M.
Sc.) is a research assis-
tant at ITPL since 2022.
\ His research focuses on

\ simulation, digital
. twins, and analytics on
data collected by sensors.
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Digital Twins have gained a lot of at-
tention in research as well as in indus-
trial applications. They are the virtual
representation of real-world objects
and used to find answers to numerous
questions concerning their real coun-
terparts. An important source of data
for the Digital Twin is constituted by
sensors at the objects themselves. A
specific task that Digital Twins are
useful for is condition-based Mainte-
nance (CBM). For CBM, the object and
its current state are monitored and
analyzed to predict when maintenance
is required rather than conducting
maintenance reactively or by a fixed
schedule. Utilizing CBM can result in a
major saving of costs and is, therefore,
of great interest for industrial applica-
tions. In cooperation with an industrial
partner, a Digital Twin for the purpose
of CBM of industrial furnaces is cur-
rently designed and implemented. This
includes a simulation model, which is
used to gain in-depth insights of the
industrial furnace and to generate ad-
ditional data for the data basis of
proven methods for CBM.

Gokhan  Yicel (M.
Eng.) is an external
Ph.D. student and is
working as director of
operations at a ma-
nufacturer for safety
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systems. The globalization, the inte-
gration of supply chains, and the lean

management philosophy represent
challenges to the definition of lot
sizes. The reduction of stocks and the
just-in-time supply of customers show
a considerable effect on supply
chains. However, the past years have
shown how sensitively global supply
chains react to political developments
and natural disasters. The recent
events in Ukraine, Israel and the Red
Sea and their impact on trade routes
such as the Suez Canal also show how
big the influences of such events are
on supply chains and, thus, what influ-
ence they have on companies' produc-
tion planning. Many companies are
building up safety stocks despite the
lean philosophy.
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In this environment, the question ari-
ses whether lot sizing can remain a
purely internal activity. Irrespective of
the costs and the pass-through or pro-
cess-oriented approach, the question
arises whether the lot size modelling
needs to be extended along the supply
chain, and which factors have an influ-
ence on the consideration of the sup-
ply chain in the lot size calculation and
have, therefore, to be taken into ac-
count. A simulation-supported refe-
rence model for process-oriented lot
sizing along the value stream is under
development to support the produc-
tion planner in ensuring a continuous
process flow and, thus, delivery relia-
bility.
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