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Health and   
Medicine

Improving health care, increasing the chances of healing, 

supporting diagnoses – these are some of the goals that 

Fraunhofer-Gesellschaft aims to achieve with results in med-

ical, environmental and nutritional research. Intelligent, 

 assistive systems that provide support in preventive health 

care, diagnostics, therapy and nursing care and make a sig-

nificant contribution to safeguarding society’s future are in-

tended to help achieve these goals. We are focusing, in par-

ticular, on tools to support decision-making in therapy 

planning and to strengthen resilience.
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Innovative advanced therapy medicinal prod-
ucts (ATMPs) represent a new, promising class 
of therapeutics as “living medicines”. They 
have the potential to offer new therapeutic 
options to people suffering from diseases that 
have so far been untreatable or insufficiently 
treatable. This applies to some cancers, some 
of which even have a chance of being cured 
by such new therapies. However, the produc-
tion of these cell-based, new therapeutics has 
so far been highly manual, making them 
time-consuming and expensive and limiting 
their availability to patients.

Combining Industry 4.0 with Health 4.0

To further develop this promising approach, 
Fraunhofer researchers from different disci-
plines want to fundamentally redesign the 
production of such ATMPs. In the cluster, ex-
perts from biological and medical research 
have worked closely with their colleagues from 
the fields of automation, process control, qual-
ity management, robotics and mathematics to 

set up the processes for high throughput and 
reasonable manufacturing costs in the future. 
In the first phase of the project, a modular pilot 
plant was designed for the automated produc-
tion of therapeutics. 

To this end, a team led by department head 
Prof. Michael Bortz modeled bioprocesses that 
can now be optimized virtually. Researchers 
led by Dr. Heiner Ackermann were responsible 
for questions relating to the capacity planning 
of production plants. The aim is to maximize 
throughput at the lowest possible cost. Dr. 
Neele Leithäuser and colleagues developed 
methods for analyzing data streams (time se-
ries) that are continuously collected for moni-
toring production processes.

Health 4.0: Accelerating the Development 
and Production of New Medicines

More about the innovation cluster at s.fhg.de/pharmaproduction

In the Fraunhofer Innovation Cluster “Production for Intelligent Medicine”, research 
is carried out on how gene or cell therapeutics as well as vaccines can be produced 
in large quantities in an automated, fast, and cost-effective way. 23 Fraunhofer in-
stitutes are involved, including the “Optimization” department of ITWM.

Contact

Prof. Dr. Michael Bortz

Head of department “Optimization 

– Technical Processes”

Phone +49 631 31600-4532

michael.bortz@itwm.fraunhofer.de

Optimization
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http://s.fhg.de/pharmaproduction
https://www.itwm.fraunhofer.de/en/departments/opt/staff/michael-bortz.html
http://www.itwm.fraunhofer.de/en/opt


Contact

Dr. Sandy Heydrich 

Team leader “Production Planning 

Pharmaceutical Industry and Bio-

processes”

Phone +49 631 31600-4985

sandy.heydrich@itwm.fraunhofer.de
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A pharmaceutical company needs patients who 
are willing to participate in a study for a new 
drug. “The uncertainty already starts with the 
question whether enough patients can be en-
rolled in the participating clinics during the 
planned study period,” says Dr. Sandy Heydrich, 
who heads the process planning team at Fraun-
hofer ITWM. “There’s a lot of stochasticity in 

the process. This is because not only is the en-
rollment of individuals in clinical trials to some 
degree subject to chance, but the arrival of 
samples for study is also stochastic.

Goal: Predict workload in the 
 laboratory

The “art of guessing”, the basis of stochastics, 
accordingly characterizes the work in this envi-
ronment. On behalf of a biotechnology com-
pany, the team at Fraunhofer ITWM is looking 
for mathematical solutions to make the entire 
process more predictable, up to and including 
personnel scheduling. “If there were no un-
certainties, we could calculate the arrivals of 
the samples individually and determine the 

workload generated by the clinical trial,” says 
Dr. Heiner Ackermann, deputy head of depart-
ment “Optimization – Operations Research”.

The daily workload of those who process the 
samples is often uncertain because it depends 
on the number of incoming samples, some of 
which have to be processed within a certain 

period of time due to their shelf life. The more 
accurately it is predicted how many samples 
will arrive and when, the better the workload 
in the lab can be planned. The team led by 
Heydrich and Ackermann aims to use a math-
ematical model to provide answers to many 
questions, such as: Is the current staff suffi-
cient for the workload that will be generated? 

Making every day more predictable

he project partner’s goal is to optimize staff 
scheduling based on the samples that are like-
ly to be received. For this purpose, the re-
searchers are developing a simulation tool that 
provides a forecast of the number of sample 
arrivals for each study day. The core of the 

Making Uncertainties Plannable

Testing the efficacy of new medicines or therapies on humans is an important part 
of biomedicine and pharmaceuticals. However, the path of patient samples to those 
who process them is riddled with uncertainties. 

During a drug trial, there are several sources of uncertainty: the start of the trial, samples arriving 

too early or too late, or treatment ending prematurely.
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model is a Monte Carlo simulation to estimate 
the number of sample arrivals at the produc-
tion site for each day in the time horizon of 
the study. The influencing parameters are tak-
en into account, but also different scenarios 

are represented, such as the fluctuating num-
ber of patients. The variable level of detail of 
the model optimally supports the planning 
process in every phase.

More information at www.itwm.fraunhofer.de/layout-cutting-problems

Kontakt

Dr. Heiner Ackermann 

Deputy head of department “Optimi-

zation – Operations Research” 

Phone +49 631 31600-4517

heiner.ackermann@itwm.fraunhofer.de

Our researchers have developed a simulation tool that uses several parameters to predict the 

number of sample arrivals on each day of the time horizon. These results are used to perform a 

what-if analysis, which is used to optimize staff scheduling.

Optimization
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High Performance Computing

Contact

Dr. Jens Krüger

Department “High Performance 

Computing”

Phone +49 631 31600-4541

jens.krueger@itwm.fraunhofer.de
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A system for the reliable detection of 
atrial fibrillation that is as energy-effi-
cient as possible – that was the task of 
the pilot innovation competition of the 
German Federal Ministry of Education 
and Research (BMBF). 

AI systems can improve healthcare, increase 
patients’ chances of recovery and support doc-
tors in their diagnoses. But they may also re-
quire high amounts of energy. Together with 
the Fraunhofer Institute for Integrated Circuits 
IIS, a working group from our High Perfor-
mance Computing department was awarded 
first prize. Our project HALF (Holistic AutoML 
for FPGAs) is a holistic approach to the optimi-
zation of artificial neural networks and FPGA 
(Field Programmable Gate Arrays) architectures. 
For the competition, the neural network not 
only had to consider performance, but also 
had to be supplemented by the factor of ener-
gy efficiency, so that the dangerous atrial fibril-
lation is detected with maximum efficiency to 
allow longer runtimes for mobile ECG devices.

AI model decides on the energy con-
sumption of the hardware

But how exactly do you find the networks that 
meet the defined requirements and specifica-
tions? “There are various search strategies here, 
and we use an evolutionary approach. We 
start with ten different randomly selected net-
works, train and test them. Then we select the 
two best networks and mutate them, creating 
ten new network variants,” explains Dr. Jens 
Krüger. “We repeat this process with a unique 
approach for the selection and mutation until 
we find the best network. This is a process of 
automated machine learning – or AutoML.”

In search of the ideal network

The researchers are extending this process to 
include a holistic approach that looks not only 
at the neural network but also at the hardware, 
since the AI model affects the hardware’s en-
ergy consumption. To do this, they use FPGAs 
as a form of a programmable chip. An FPGA 
can be reprogrammed any number of times – 
very helpful in finding the optimal neural net-
work mapping.

This has now resulted in a new unifying meth-
odology that is energy efficient, reduces de-
velopment time for optimal neural network 
topologies, and enables appropriate FPGA im-
plementations. These software tools are suit-
able not only for FPGAs, but also for a wide 
variety of chips and system architectures, and 
enable the analysis of patient data even on 
mobile devices. This potential has been rec-
ognized and awarded by the BMBF a result-
ed in the Neural Architecture Search Engine 
(NASE) Tool. 

Energy-Efficient AI Chips for Atrial 
 Fibrillation Detection

Further information at www.itwm.fraunhofer.de/HALF_en
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Why does the project put “Patient Po-
sitioning” to the test in radiotherapy?

The planning of radiation therapy begins with 
a detailed computed tomography (CT) scan. 
The treating physicians use this CT image to 
plan the dose with which they will irradiate a 
tumor. The problem is that the location of crit-
ical organs and tumors on the day of treat-
ment are no longer identical to those on the 
plan CT, for example because the stomach or 
bladder fill varies. Reconstruction is very diffi-
cult, but significant in determining the dose 
the person will receive on the day of treat-
ment. Many therapy devices nowadays offer 
the possibility of recording a less detailed CT 
immediately before the start of radiation in or-
der to adjust the position on the day of treat-
ment as close as possible to that of the previ-
ous recording.

Can the treatment be adjusted at 
such short notice?

Yes, the planned daily dose can be adjusted ac-
cording to the acute condition of the person to 
be treated. The dose becomes more important 
than the image. This is exactly where we come 
in: We want to ensure more effective treatment 
by shifting the focus away from the image to 
dose control. To do this, we are developing a 
software solution that compares the current im-
age with the previously acquired one and for-
mulates an updated recommendation for the 
radiation dose. Currently, hospitals are looking 
at how to correct the patient setup based on 

the difference between the current CT image 
and the planning CT. We are trying to recon-
struct the planned dose.

What stage is the project at?

Quite far along. Our industrial partner Varian 
Medical Systems has commissioned a software 
prototype, and the basic feasibility is given. The 
software is now being tested at Rutgers Uni-
versity Hospital in New Jersey using image data 
from past patients. In this way, we want to ver-
ify that the method brings the desired benefits, 
but also to test the workflow. For staff per-
forming radiation, the usual workflow changes 
when they use the software to look at the 
dose rather than just the image.

With the approach of viewing radiotherapy as a multi-criteria optimization task, 
our researchers have significantly advanced the medical treatment of cancer in re-
cent years. The “Patient Positioning” project aims to set further standards in the 
fight against cancer. An interview with Dr. Philipp Süss, from the “Optimization 
Technical Processes” department.

Contact

Dr. Philipp Süss

Deputy head of department “Opti-

mization – Technical Processes”

Phone +49 631 31600-4295

philipp.suess@itwm.fraunhofer.de

Optimization

More information at www.itwm.fraunhofer.de/radiation-therapy

New Approaches for Radiotherapy
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The software developed by ITWM researchers shows the calculated dose in color, 

which can be optimized with a slider.

https://www.itwm.fraunhofer.de/en/departments/opt/staff/philipp-suess.html
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