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Introduction

The Chair for Medical Information Technology is especially
concerned with research problems in the field of “Personal
Health Care” and “Automation and Control in Medicine”.

The topic Personal Health Care encompasses wearable
medical devices, particularly diagnostic devices, designed
for use at home. Current technological developments
are in the fields of “intelligent textiles” and “Body Area
Networks” (BAN), certain related basic research areas
(e.g. signal processing and motion artefact rejection), and
sensor fusion. Due to demographic trends, especially in de-
veloped nations, the laboratory also focuses on the needs
of the elderly (e.g. enabling greater autonomy at home).
Automation and control in medicine is involved with the
modelling and implementation of feedback controlled ther-
apy techniques. Research topics include tools and methods
for the modelling of disrupted physiological systems, sensor
supported artificial respiration, active brain pressure regu-
lation, and dialysis regulation and optimization.

We also develop sensors and measurement electronics, for
example, in the areas of non-contact sensing techniques
(e.g. capacitive bio-potentials and magnetic bioimpedance),
bioimpedance spectroscopy and inductive plethysmogra-
phy. We are also active in biomechatronics, (e.g. robotics
and exoskeleton) ultrasound diagnostics, and electrochem-
ical impedance spectroscopy measurement.

Ongoing Research Projects

Non-Contact Monitoring of Heart
and Lung Activity

Nowadays, monitoring and evaluation of vital functions, es-
pecially pulse and breathing rates, are part of the clinical
routine. State-of-the-art monitoring
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Fig. 2: Application of magnetic impedance measurement
in the incubator

requires the use of electrodes which are needed for elec-
trocardiograms (ECG), Impedance Cardiography (ICG),
pulse oximetry, or other diagnostic tools. This may cause
various difficulties for patients under 24h monitoring or in
Intensive Care Units (ICU), as skin irritation, difficult appli-
cation or additional cabling.

Funded by: (in parts) German Research Foundation
(DFG)

SmartLifeSupport — HeartControl
& SmartECLA

Many patients in hospitals, especially those located in an in-
tensive care unit, survive with the aid of life-supporting sys-
tems. Such systems are technically complex and require
specialized and highly trained personnel. In times of increas-
ing complexity of medical procedures and reduced financial
options, individualization of therapy can only be achieved
with technical aids.

The objective of HeartControl is to realize an adaptive con-
trol algorithm for the Ventricular Assist
Devices (VAD) and
Total Artificial Hearts
(TAH). As it is not possi-
ble to continuously measure

the blood pressure in human

AutoMED Physiological Personal body, other values have to be con-
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Fig. 3: SmartLifeSupport concept, HeartControl system

Bioimpedance Spectroscopy and
Intelligent Textiles

The natural ageing process, sport activities or ill health,
often lead to dehydration/overhydration with partly se-
vere consequences. For the attending doctors, it is quite
difficult to diagnose such dehydration/overhydration since
the symptoms are not very clear. A reduction of weight
because of protein malnutrition is also a known problem,
from which many old people, cancer patients after chem-
otherapy, or people with eating disorder usually suffer. To
avoid such serious effects and to improve the quality of
life for all persons concerned, it is important to control
the nutritional status and water balance of the body. In
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Fig. 4: Concept for a wearable bio-impedance spectroscopy system

this research project, a mobile system will be developed
using smart textiles to monitor the nutritional and water
balance of human bodies. The Nutriwear system is the
first to enable 24/7 continuous mobile measurement of
nutritional parameters. The advantages offered by textiles
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facilitate their integration into working routines and eve-
ryday life.

Funded by: German Ministry of Education and Research
(BMBF)

IN-ear MONIToring System for
Preventive Supervision of Risk
Patients (IN-MONIT)

Cardiovascular diseases are among the most common
cause of death in western industrial nations. Therefore, it
is within the interest of both physician and patient to early
determine the cardiovascular risk factors in order to take
preventive measures. Since the early 1980s, pulse oxim-
etry has emerged as a de facto standard for non-invasive
monitoring of arterial oxygen saturation and heart activity.
Although different miniaturized commercial pulse oxime-
try systems are available, measurement is usually carried
out at the extremities of the body (i.e. finger, toe or ear
lobe), where frequent movement artefacts are introduced

Fig. 5: Micro-Optic Sensor for In-Ear application

(especially in long term monitoring). Another disadvan-

tage is the poor signal quality in occurrence of central-

ization when the patient is suffering from shock, sepsis,

coldness, or cardio-pulmonary abnormalities. However,
some of these indications are the main ap-
plication scenarios of portable oxygen satu-
ration monitors.

To assist in recognizing the irregularities of
a subject’s cardiovascular system, an optic
24/7 in-ear monitoring system (IN-MONIT)
has been developed. Its main component is
a micro-optic remission / reflection sensor
(MORES®) (see Fig. 5) which is placed in-
side the auditory canal. From the pulsation
of blood within the capillaries, oxygen sat-
uration (SpO2), and heart and respirato-
ry rates can be derived. These raw data are
processed locally using a microcontroller
and then wirelessly transferred to a Personal
Digital Assistant (PDA) or a PC for further analysis.

Funded by: German Ministry of Education and Research
(BMBF)
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Determination of calcification
risk factor in blood

Worldwide, over a 500 million people suffer from a chron-
ic renal disease and depend on dialysis treatment. Due to
lack of mineral products regulation, they often have an
over saturation of the extra-cellular fluids with calcium and
phosphate ions. This, in addition to the lack of calcifica-
tion inhibitors (e.g. Fetuin A), leads to the development of
cardio-vascular calcification associated with an increase in
morbidity and mortality risk.

An optimum treatment of the patient is still difficult to
achieve, since so far, there is no simple test to accurate-
ly estimate the calcification formation process and calci-
fication-inhibitor concentration in the blood. Currently, a
laboratory test is available based on the quantification of ra-
dioactive *Ca. The numerous preparation steps and the 90

waste

Fig.6: Basic system setup for calcification measurement
using EIS

minutes required incubation period make the test un-ap-
propriate for daily clinical practices. Therefore, a new test
needs to be developed based on in-situ measurements of
mineral formation kinetics.

By an interdisciplinary collaboration of engineers and
biologists such a test shall be developed based on
Electrochemical Impedance Spectroscopy (EIS). The
method offers a non-destructive mean for examining and
characterizing a number of chemical and physical proc-
esses which occur in solution as well as in solids. Using an

impedance trace of the mineralization formation process,
the calcification inhibition capacity in serum samples will
be determined.

Funded by: START Program of the University Hospital
Aachen

Automated Protective Ventilation
using Electrical Impedance
Tomography

Patients with Acute Lung Injury (ALI) or Acute Respiratory
Distress Syndrome (ARDS) experience a partial lung col-
lapse leading to an impaired gas exchange. The patient’s
oxygen supply is reduced and the removal of carbon di-
oxide becomes more difficult. The standard therapy in-
volves artificial ventilation of the patient with an increased
fraction of inspired oxygen and monitoring of physiolog-
ical parameters, such as blood pressure, pulse and oxy-
gen saturation.

For this purpose, the thoracic Electrical Impedance
Tomography (EIT), a technique that is capable of display-
ing changes of the conductivity distribution along a horizon-
tal body cross section, will be used to monitor the regional
ventilation changes of lung. With use of EIT, we work on
development of an automated ventilation system that can
perform complex ventilation strategies through closed-
loop control based on medical expertise.

Funded by: German Research Foundation (DFG)

Fig. 7: Electrical Impedance Tomography (EIT), DAC=Digital-
To-Analog-Converter,  ADC=Analog-To-Digital-Converter,
DSP=Digital-Signal-Processor

Control of Intracranial Pressure —
towards a “Smart Shunt”

Patients suffering from Hydrocephalus and high intracra-
nial pressure are treated using a shunt. The shunt, a cath-
eter with a mechanical valve connecting the liquor in the
brain with another compartment in the body, reduces the
Intracranial Pressure (ICP) whenever it is too high.

Every year, more than 18000 patients in Germany get a
shunt; however, the complication rate of 50% is quite high.
One of the biggest problems is the mismanagement in the
drainage. Although too high ICP for a long period can be fa-
tal, a too high drainage is not healthy either.



Implant
monitoring

Fig. 8: Smart Shunt application

To prevent a too high drainage due to artefacts in ICP which
can occur for example while coughing and moving, give the
doctor information about the success of the therapy, and
alert him for example when the shunt is blocked, an intelli-
gent shunt has to be developed. A prototype of an implant
has been developed which measures ICP and acceleration,
and sends the information wirelessly to the doctor monitor.
In vivo experiments with pigs have been started to induce a
hydrocephalus and implement the prototype. Shunts have
been tested in vitro under various conditions in the revised
test stand. In future, a mechatronic valve needs to be devel-
oped and controlled intelligently by the implant.

Funded by: German Ministry of Education and Research
(BMBF), START, Holste Foundation.

Biosignals Monitoring using Infra-
red Technologies

Infrared-spectroscopic observations permit, as needed,
time-resolved analysis of the chemical and biological com-
position of blood with its protein and cell deposits, e.g. for
a continuous, fast-responding and long-term stable glucose
sensor.

With a transmission microcell, a two hour semi-con-
tinuous measurement of glucose in blood samples was
achieved. Simultaneously, the experiments allowed study-
ing the growth of protein and cell deposit inside the device.
Current research aims at improving the microcell to take
longer measurements, utilising the results about depos-
it composition from preceding tests. Such a device would

Fig. 9: Infrared transmission microcell for blood analysis
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allow blood glucose determination and control for patients
in intensive care units, where excursus in glucose levels is
suspected to impair treatment results. Patients with diabe-
tes mellitus could benefit from an implantable version of
the sensor.

Wireless sensing and control of
neonatal core temperature

Accurate neonatal surface temperature mapping will assist
in pre-diagnosis and prediction of varieties of neonate’s hy-
per-/hypothermia states. Especially, non-invasive methods
for mapping neonate skin temperature will be used as tem-
perature measurement standard in the future incubator
units. Neonatal Infrared Thermography (NIRT) is consid-
ered a novel and prospective method for real-time moni-
toring of a neonate’s body surface temperature. Therefore,
a virtual temperature sensing module needs to be integrat-
ed into the neonatal incubator control loop.

Fig. 10: Thermographic image of neonate

The project goal is to design and implement an intelli-
gent real-time infrared thermogram processing module
for classifying neonate’s dynamic temperature patterns.
Additionally, the module will be integrated into the control
loop of the neonatal incubator system.
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