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Introduction 

The Chair for Medical Information Technology 
is especially concerned with research prob-
lems in the field of “Unobtrusive Measurement 
Technologies”, “Personal Health Care”, and 
“Automation and Control in Medicine”.
The topic Personal Health Care encompasses wear-
able medical devices, particularly diagnostic devices, 
designed for use at home. Current technological de-
velopments are in the fields of “Intelligent Textiles” and 
“Body Area Networks” (BAN), related basic research 
areas (e.g. signal processing and motion artifact rejec-
tion), and sensor fusion. Due to demographic trends, 
especially in developed nations, the laboratory also 
focuses on the needs of the elderly (e.g. enabling 
greater autonomy at home).
Automation and Control in Medicine is in-
volved with the modeling of medical and 
physiological systems and the implementa-
tion of feedback controlled therapy techniques. 
Research topics include tools and methods for 
the modeling of disturbed physiological systems, sensor sup-
ported artificial respiration, active brain pressure regulation, 
and dialysis regulation and optimization. 
Where necessary and sensible, sensors and measurement 
electronics are developed, for example, in the areas of 
non-contact sensing techniques (e.g. magnetic bioimped-
ance), bioimpedance spectroscopy and inductive plethys-
mography. Active research is currently conducted in 
biomechatronics. 

Selected Ongoing Research 
Projects

Cardiovascular Sleep Monitoring 
with in-ear Pulse Oximetric 
Sensors

Cardiovascular diseases are among the most common 
causes of death in western industrial nations. Therefore, ear-
ly determination of the cardiovascular risk factor is required 
for preventive measure. The project aims to assess the car-
diovascular functionality using photoplethysmographic (PPG) 
signals acquired from an in-ear sensor. By long-term moni-
toring of vital signs such as heart rate or arterial oxygen sat-
uration, it provides a comprehensive personal health care 
system which can also meet the daily patient’s requirements 
of mobility, usability and robustness.
Pulse oximetry is a reliable, non-invasive method for moni-
toring of vital signs. In comparison to conventional systems, 
which are applied to peripheral parts of the body, our ap-
proach is based on an alternative solution, namely a “reflec-
tive PPG sensor”, which can be placed in the auditory canal. 
This allows a 24/7 measurement with particularly high wear-
ing comfort. Since in-ear measurement would bring some 
essential advantages, new areas of application will be de-
veloped (i.e. personal health care and sports). As a major 
advantage, stable conditions concerning perfusion and tem-
perature are expected, since the nearby brain perfusion is 

sustained in all situations. Therefore, compared to conven-
tional finger-clip sensors, even in case of shock-induced cen-
tralization, a valid measurement can be ensured.
The central component is a 
micro-optic reflective sen-
sor, which is sealed with-
in a biocompatible ear mold. 
An electrical measurement 
equipment, as a sensor inter-
face, performs direct high res-
olution data conversion for 
long-term data recording by a 
personal computer. 
We studied the feasibility of a 
clinical appliance of the sen-
sor system for cardiovascular 
monitoring during sleep which 
may allow diagnosis of sleep 
apnea in future. Accordingly, 
human trials were performed 
in a sleep laboratory on pa-
tients with a clinical suspicion of sleep apnea. With evaluation 
focuses on heart rate and oxygen saturation and in compar-
ison to standard PPG measurements, our results demon-
strated that nocturnal long-term measurement of oxygen 
saturation and heart rate is possible with sufficient accuracy.
Funded by: Ziel 2. NRW

Oxivent - Oxygen on-demand 
Clinical Ventilation 

The aim of this project is to control O2 and CO2 non-in-
vasively in mechanically ventilated patients based on a ho-
mogeneous lung model. It should lead to a regulation of 
oxygen saturation (SpO2) and arterial CO2 tension (PaCO2) 
in blood circulation. Therefore, O2 supply and CO2 lev-
el can be maintained within the proper levels during clin-
ical ventilation. The hardware configuration is composed 
of a mechanical ventilator with a remote control access, a 

Fig. 1: Research profile of MedIT.
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Fig. 2: The in-ear sensor 
and the measurement 
equipment.
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capnography with a pulse oximeter, a dSpace control unit 
MicroAutoBOX II, and a medical panel PC. A closed-loop 
system is designed with the aid of Atmel ARM processor-
based as a backbone for data conversion between RS232 
and Controller Area Network (CAN) protocols. All venti-
lation parameters, as end-tidal CO2 (etCO2) and SpO2 are 
transmitted over CAN bus. The CAN protocol helps to fa-
cilitate all data transmission among the nodes using mes-
sage-based infrastructure. The advantage of this protocol is 
to avoid data collision with the highest speed at 1 Mbits/s. 
Modeling and system identification are carried out to de-
scribe the complex nonlinear respiratory system. With this 
model-based approach, various robust control system de-
signs for instance   control,   synthesis,   adaptive control, 
etc, are implemented and their performance to control 
gas exchange on account of etCO2 and SpO2 using patient-
in-the-loop can be evaluated. The proper ventilation pa-
rameters are automatically adjusted using MATLAB with 
Simulink on every breathing cycle. The graphical user inter-
face is also provided on the medical panel. The application 
will be suitable for intensive medicine, anesthesia and ven-
tilation support during sleep.
Funded by: German Ministry of Education and Research 
(BMBF)

Capacitive ECG for Mobile 
Applications

After successful developing / integration of capacitive ECG 
(cECG) in a driver’s seat in 2011, the close cooperation be-
tween the Ford Research Center Aachen and MedIT was 
continued, however this time, with aim of exploring deeper 
issues of medical engineering in vehicles. The major ques-
tion, as a take-along from the previous project, addressed 
in 2012 was the reason why capacitive ECG only works in 
about 80 % of all subjects and what needs to be done to 
improve this percentage to near 100 %. In order to answer 
this question, several investigations have been performed 
including a laboratory study with more than 70 subjects 

varying in body sizes, clothing, and 
position of the heart. The study was 
setup and carried out to statistical-
ly analyze different influencing factors 
on the signal quality collected by the 
capacitive ECG device.
The results showed a significant in-
fluence of the contact pressure be-
tween the subjects and the electrodes 
as well as a dependency of the posi-
tion of the heart on the system’s out-
put. In order to exclude the clothing 
material as an impact factor on signal 
quality, component tests were done. 
In accordance with the results of the 
laboratory study, combinations of tex-
tile materials holding the potential of 
static charges showed a substantial 
impact on the transfer characteristic 
of the system. As a prospective ap-
proach to reduce static charges, the 
implementation of an active moistur-
ization system was initiated.

Furthermore, several other approaches such as pressure 
sensitive or wide area textile electrodes were investigated 
arguing for rather smaller electrodes in order to ensure an 
appropriate contact pressure. In this way, work in 2012 was 
affected by many insights into the reasons for non-applica-
bility of capacitive ECG measurements in some subjects, 
which will lead to further dedicated developments in 2013. 
Also in 2013, the cooperation between the Ford Research 
Center Aachen and MedIT will continue addressing even 
more measuring modalities for an unobtrusive monitoring 
of the driver’s health status and wellbeing.
Cooperation with: FORD Research Europe, Aachen

Fig. 4: Multichannel capacitive ECG system integrated into 
a driver seat.

iShunt – Intelligent Mechatronic 
Implants for Hydrocephalus 
Therapy 

The human brain is immersed in the so-called cerebro-
spinal fluid (CSF), which protects the brain from me-
chanical stress (e.g. concussion), helps support its weight 
through buoyancy, and also serves for the nutrient supply 
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Fig. 3: Setup of Oxivent system.



14

2012
Helmholtz-Institute for Biomedical Engineering
RWTH Aachen University

of the brain. In normal situations, production and re-ab-
sorption of this fluid are balanced. However, disruption 
of this balance can lead to a build-up of fluid in the skull 
(Hydrocephalus). In this case, the most common solu-
tion today is the implantation of a passive pressure-con-
trol valve and a catheter system (known as a “shunt”), 
which drains excess fluid into another body compart-
ment (usually the abdominal cavity). Every year 18,000 
Hydrocephalus patients are implanted with shunts. The 
existing shunts often show severe problems with the 
adaption of the CSF drainage to the physiological cir-
cumstances, leading to an unhealthy over- or under-
drainage.
Therefore, the project “iShunt” aims at the develop-
ment of new intelligent implants for an adaptive drain-
age of CSF. Furthermore, on the basis of physiological 
measurement data (as intracranial pressure, body posi-
tion, flow of fluid, pulse amplitude, elasticity of the brain, 
and amount of pathological intracranial pressure waves) 
and their interpretation, an adjusted drainage shall be 
realised. As the single pulse waveform and amplitude 
in intracranial pressure due to heartbeat seems to be 
a promising control parameter for a future shunt, a sig-
nal pulse waveform determination and classification al-
gorithm have been developed and implemented in the 
iShunt. For patient monitoring, the measured data is 
transmitted via telemetry.
Funded by: German Ministry of Education and Research 
(BMBF)

Fig. 6: Signal pulse waveform determination and classifica-
tion algorithm.      

Magnetic Induction Monitoring 

Continuous monitoring of respiratory and cardiac activi-
ties is especially important in health monitoring systems. As 
the application of conventional methods is associated with 
side-effects (e.g. skin irritation, contact problems or large 
energy requirements), the magnetic induction method of-
fers a promising alternative. 
The method is based on the 
fact that both respiratory and 
heart activity result in displace-
ment of organ boundaries and 
blood across the thorax. This 
will cause a measurable change 
in the body’s electrical imped-
ance distribution.  By magnet-
ic induction measurements, 
which use inductive eddy cur-
rents, a contactless deter-
mination of those changes is 
possible. 
The main technological chal-
lenge is to handle very small 
signals in a noisy environment. 
Therefore, special importance 
was given to the use of a high-
ly precise and fast circuit design 
inside the radio frequency mea-
surement parts, and to maintain low power consumption as 
the application is intended for mobile monitoring scenarios.
Initially, we developed a multi-channel magnetic induction 
system, which was applied to a chair. The magnetic field is 
sent out and measured by a coil placed on the chair’s back-
rest. This gives the possibility to monitor the vital param-
eters during daily routines, e.g. office work, car driving, or 
during watching TV. The back-rest is made of acrylic glass in 
order to have a direct view of the coil position with respect 
to the body.
Recently at MedIT, magnetic induction sensors were also 
integrated into textiles, and by developing a system, which 
maintains low power consumption, it was possible to build 
a magnetic induction T-Shirt for mobile use. The shirt com-
prises four sensors (three at the front and additional one 
at the back) whose data is simultaneously acquired. The 

data is preprocessed by 
a microcontroller and 
transmitted wirelessly to 
a PC, where it is stored 
and visualized. The sens-
ing coils are sewn into the 
textile and all electron-
ics are placed on flexible 
printed circuit boards. 
The device is powered 
by a lithium battery. 
In a proof of concept, 
good functionality of the 
system was verified by 
measurements on human 
volunteers.
Funded by: European 
Union, Project Heart 
Cycle                
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Fig. 5: Concept of 
iShunt system for 
control of liquid 
flow within the 
external drainage 
as developed at 
MediT.

Fig. 7: Realization of a 
magnetic induction textile 
method integrated into 
T-shirt.
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imaging technique through 
which changes of the con-
ductivity distribution 
along a horizontal body 
cross section can be mon-
itored using a ring of ex-
ternal surface electrodes. 
One of the ongoing proj-
ects at MedIT involves 
application of EIT for 
treatments of patients 
with cystic fibrosis, asth-
ma, acute lung injury 
(ALI), or acute respira-
tory distress syndrome (ARDS). For these purposes, the 
EIT method will be used to monitor the regional ventila-
tion changes of the lung to help in developing an automat-
ed ventilation system that can perform complex ventilation 
strategies through closed-loop control based on medical 
expertise.   
Recently, within the UroWatch project neurological diseas-
es as paraplegia or age-related diseases like diabetic neu-
ropathy, which result in inadequate perception of bladder 
filling level, have been also addressed at MedIT using EIT 
method. These diseases usually reduce patient's quality of 
life and drastically increase care requirements with the pa-
tient misses to go to toilet when the bladder is full.
For patients with paraplegia, who cannot control their 
bladder emptying, a frequent solution is the regular use of 
self-catheterisation, as described by Guttmann. Since to 
date, no portable monitoring device to continuously mea-
sure bladder filling level is available, patients have to follow 
a strict rhythm for bladder emptying, like every four hours. 
Drawbacks of this fixed scheme are that the bladder may 
be emptied when not necessary or that the emptying might 
come too late, resulting in damages to the urogenital tract 
due to an overfull bladder. 

Fig. 10: UroWatch system setup.

In the UroWatch project, a device continuously measuring 
and showing bladder volume on a display is developed, 
which will help the patients to install a more flexible, de-
mand-driven emptying scheme. The system measures the 
change in abdominal impedance resulting from a change of 
urine volume by EIT. The work involves finite element sim-
ulations of the abdominal area, measurement hardware de-
sign, reconstruction of volume estimation algorithms, and 
patient studies.
The UroWatch project is funded by: German Ministry 
of Education and Research (BMBF)
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Automatic Blood Glucose Control 
in Patients with Diabetes Mellitus

According to the World Health Organization, in 2011 ap-
proximately 346 million people worldwide were suffering 
from diabetes mellitus. For 2030, the International Diabetes 
Federation predicts an increase up to 540 million people. 
Diabetes mellitus is characterized by a reduced or even lack-
ing pancreatic insulin production which leads to an increased 
blood glucose concentration (BGC).  Patients with type 2 di-
abetes mellitus have an increased insulin demand due to re-
duced insulin sensitivity of the glucose consuming cells which 
initially can be treated by diets and sports before an intensive 
insulin therapy is required. In contrast, patients with type 1 
diabetes mellitus are instantly dependent on extracorporeal 
insulin administration.
Nowadays insulin therapy in patients with diabetes is per-
formed by the patient himself consisting of BGC self-monitor-
ing, calculations of the required insulin dose and self-injection 
of insulin. As it is difficult to determine the proper application 
rate of insulin by a few daily blood glucose measurements, 
hypo- or hyperglycemic events cannot be avoided. This may 
lead to acute life-threatening situations such as coma includ-
ing persistent neurological damage or secondary disorders 
like nephropathy and retinopathy.

An optimal solution 
for blood glucose 
control would be 
an artificial pancre-
as, which has been a 
research topic since 
the early 1970’s. In 
Figure 8, a flow dia-
gram of the artificial 
pancreas is shown. 
Depending on the 
continuously sensed 
BGC as a control 

variable, the control algorithm calculates the required insulin 
dose which is injected automatically by a pump. The control 
algorithm usually includes a model of the patient’s glucose-
insulin system. 
For the time being, no fully automated closed-loop system 
is available which can guarantee that the BGC stays within 
physiological boundaries. Several limitations caused by con-
trol and plant properties as well as missing reliable glucose 
sensor still have to be handled. The focus of research in the 
field of blood glucose control is on designing an appropriate 
control algorithm and constructing a continuously measur-
ing blood glucose sensor to improve insulin therapy in dia-
betic patients.

Innovative Medicine with 
Electrical Impedance Tomography 
(EIT)
At MedIT, EIT has always been one of the focus research 
areas. It has been applied with several scenarios as stand-
alone or in combination with other methods to improve 
health care of patients. Basically, EIT is a recently developed 

Fig. 9: Application of EIT sys-
tem on children during lung 
function test.

Fig. 8: Realization of artificial pan-
creas concept.
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Prizes and Awards
	 •	 A. Abbas: 1st prize “Patient Safety in Medical Technology 2012” at 

BMT 2012, Jena, Germany.
	 •	 D. Teichmann: IFMBE Young Investigator Award at the WC2012 in 

Beijing, China.
	 •	 I. Elixmann: Best Paper Award at 46. German Control Engineering 
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