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The idea of the measurement method is to scan a pixel and 
to measure the pulse heights of the pixel and its neighbors 
for each position. With the mesh experiment originally 
invented by H. Tsunemi, this is done in a single 
measurement. A hole grid in front of the CCD defines a 
large number of different X-ray photon incidence positions 
on the pixel structure, see figure 1. White regions in fig. 1. 
indicate high average signal amplitudes, i.e. when a photon 
hits the middle of a pixel and all signal electrons are 
collected in this pixel.
Data from the pixels below each hole are used to reconstruct 
the performance of a single `virtual´ pixel. This is possible
due to the homogeneity of the pixel structure of a pnCCD.

X-ray pnCCDs have been used with great success as the detector for the EPIC-pn camera on the 
XMM-Newton mission and are selected as the detectors for the coming eROSITA X-ray satellite 
mission. pnCCDs are used to detect X-ray photons in the energy range of 0.1keV to 10keV. A 
photon absorbed in the silicon bulk of the detector creates a cloud of electron-hole pairs which 
are separated in a drift field. The signal electron cloud expands during its drift to the pixel 
structure on the front side and can spread over up to four neighboring pixels . We have measured 
and simulated the exact signal charge distribution depending on the incidence position of an X-
ray photon. The results can be used to improve the position resolution of pnCCDs to the order of 
1μm or to study the charge collection process already in the design phase of a new device.

An analysis result of prime importance is the `charge 
collection function´ (CCF) of a pixel. It shows how much 
signal charge is collected in a pixel for each photon 
incidence position, see figure 2. An X-ray photon incident 
close to the border or corner of a pixel creates a split event. 
The signals of the pixels are defined by the pulse height to 
position correlation of the CCF. With the pixel coordinates 
and their pulse height information, the incidence position 
of the X-ray photon can be reconstructed with an accuracy 
to the order of 1μm.

Close up view of a pnCCD pixel
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Another use of the measured charge collection func-
tion is to check and improve the accuracy of numerical 
device simulations. Figure 3. shows a plot of both the 
measured and simulated CCF of a pnCCD with 75μm 
pixels. It shows that in a central region with a width of 
one half pixel, the signal electrons created by an X-ray 
photon are completely collected in the pixel.

146



K. Misaki, M.J. Freyberg, P. Friedrich, The PANTER team

EPIC-pn CCD and PSPC have been used as focal plane 
detectors in PANTER facility. Tests and calibration of X-
ray optics for eROSITA have been going on in PANTER. 
The proposed angular resolution of eROSITA is 15" 
HEW (Half Energy Width), that is comparable to the 
pixel size of pn-CCD (150 μm corresponds to 19" at 1600 
mm focal length). It also should be noted that central core 
of the focal image is much sharper than HEW. Therefore 
sub-pixel resolution is necessary to characterize full 
imaging capability, in particular the central core. 

Experiment at PANTER facility 
• EPIC pn-CCD: 150 μm pixel size
• Using focusing image of eROSITA test shell
• Step scan measurement

- CCD is shifted in steps of 30 μm (1/5 of pixel size).
- 5 (horizontal) x 5 (vertical) steps
- in total 25 points, uniformly sampled

References: •H. Tsunemi et al., NIM A 477 (2002) 155-160   •E. Miyata et al., NIM A 513 (2003) 322-326

Since the charge cloud induced by an X-ray photon has a finite size, we can get better position accuracy 
for X-ray events than CCD pixel size using signals of adjacent pixels. The sub-pixel resolution is 
important for eROSITA calibration and future measurements. Using focusing images of eROSITA test 
shell, step scan measurements inside the CCD pixel were performed. The results offer the opportunity to 
reconstruct the original location point of the X-ray photon with sub-pixel level.

Sub-pixel spatial resolution of EPIC-pn CCD camera

Further experiments and careful consideration are 
necessary to restore images down to sub-pixel level. The 
implications of this technique are important for future 
missions as well as eROSITA calibration. 

Fig. 1: Peak positions 
of  focusing images. 30 
μm shifts can be seen 
as expected. 25 points 
evenly cover one pixel.

Ratio of single events shows remarkable variation  in 
vertical direction compared with that in horizontal 
direction. Two possible reasons: CCD behavior is differ 
in two directions, the focusing image is elongated in 
horizontal direction.
By adding 25 images, that sample one pixel uniformly, 
we can obtain the averaged branching ratio as follows,  
single pixel events 58 %, doubles 34 %, triples 5 %,  
quadruples 2 %. 

Fig. 3: Schematic illustration of 
the region contributed to each 
grade. Most of incident  photons 
result in single pixel event. 

Only photons located in the   
small area can 

create electrons in       

Fig. 2: Ratio of single 
pixel events obtained 
from each step. Aspect 
corresponds to Fig. 1.
The pixel boundary is  
on the second line 
from the top and on 
the first line from the 
right.

adjacent pixels.

Fig. 5: Application of ‘charge centroid method’ to the 
quadruple events. X-ray position is randomly determined 
in the pixel with the largest signal in the event (left). The 
‘charge centroid method’ is to employ the center of 
gravity of the event (right).

Great difference is evidently seen in the two cases. On 
the occasion of calibrating experiments, we have to avoid  
such pixel effects.   

From this ratio, size of the region where incident X-rays 
result in each grade can be roughly estimated (Fig. 3). 

Fig. 4 Upper: Peak of focusing image 
hits pixel corner. Images of various 
grades; singles (left), doubles 
(middle), triples & quadruples (right). 
Lower: Peak hits pixel center. Image 
of single pixel event. Each image 
represents 5x5 pixels of the CCD.

focusing on the pixel corner

at the center

pix

pix

singles

singles

doubles triples & quadruples

charge centroid‘event pixel’
(max-charge)

[μm][μm]

[μm]

[μm] [%]

pixel

147



Sven Herrmann  - Matteo Porro – MPI Halbleiterlabor

Future missions demand larger detectors and higher frame rates, both raising the amount of 
analog data that has to be processed per second. To deliver these speed improvements without 
scarifying energy resolution new circuit concepts in new technologies have to be utilized. Our 
readout concept makes use of full column parallel readout to avoid multiplexing of weak detector 
signals therefore using more readout time for amplification and noise filtering. Our integrated 
readout amplifiers are already used for SOHO and XMM. Currently we are developing new 
versions for eROSITA, BepiColombo, Simbol-X and XEUS.

The CAMEX readout ASIC amplifies the 
weak signals from the detector. After 
signal  amplification the signal if filtered, 
first by a passive low pass,  second by a 
multi correlated double sampling 
(MCDS) stage. This filtering  improves 
the signal to noise ratio. The measured 
signals are then serialized  and sent to an 
ADC for further software based analysis.

For faster signal readout we are 
developing a trapezoidal filter which will 
be the optimum for white noise 
dominated applications, i.e. projects 
requiring high frame rates.

To handle the complexity of multi-ASIC 
systems a sophisticated on-chip digital 
logic section was developed. This 
enables to optimize signal gain and noise 
filtering properties for a specific 
application by easy digital programming

Development of integrated analog signal processors
for future X-ray missions
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The Layout is showing a 128 channel 
CAMEX readout ASIC for pnCCDs. 
readout ASIC with 128 channels. This 
multichannel integrated readout amplifier 
ASICs is manufactured in the proven 
0.8μ JFET-CMOS process from IMS 
Duisburg.

The ASICs are designed to fit the 
specific requirements of the detector.
Input stage and pitch has to be tailored -
shown here is a CAMEX variant for 
pnCCDs with 75μm pitch. 

For detectors with more than 128 readout 
channels its possible to place the ASICs 
next to each other, without leaving an 
insensitive gap in the detector readout.

CCD current source

JFET
amplifier

passive
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128 inputs
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M. Porro - R. Hartmann - S. Herrmann - E. Lama Vaquero - L. Strüder - A. Wassatsch

The European X-ray Free-Electron Laser Facility is a 
new international scientific infrastructure to be built in 
the north west of Hamburg [1]. The purpose of the 
Facility is to generate extremely brilliant (peak brilliance 
~ 1033 photons/s/mm2/mrad2/0.1%BW), ultra-short (~ 
100 fs) pulses of spatially coherent X-rays with 
wavelengths down to 0.1 nm, and to exploit them for 
revolutionary scientific experiments in a variety of 
disciplines spanning physics, chemistry, materials 
science and biology. The European XFEL will use super 
conducting LINAC technology, which allows for a high 
repetition rate. It will produce up to 30000 pulses per 
second with a minimum framing time of 200 ns. In order 
to fully exploit the high repetition rate enabled by the 
super-conducting technology of the LINAC, innovative 
pixellated 2D X-ray detector systems with single photon 
resolution and sampling times down to 200ns must be 
designed and developed. The frame readout speed 
between 1 and  5 MHz and the temporally associated 
amount of data are the main challenge in the 
development of such a system.

References:
[1]  http://www.xfel.net
[2] M. Porro et al., “Spectroscopic performance of the DePMOS

detector/amplifier device with respect to different filtering 
techniques and operating conditions”, IEEE Transactions on 
Nuclear Science, Volume 53, Issue 1, Part 2, Feb. 2006

The Max-Planck Gesellschaft has initiated a project linked to the new generation of X-ray sources, i.e. the free 
electron lasers with photon energies up to 25 keV, planned at DESY in Hamburg and at SLAC in Stanford. In 
the frame of CFEL the development of new synchrotron focal plane arrays plays a major role. The MPI-HLL, 
as a part of CFEL, has proposed to install pnCCDs for the experiment at the FLASH and LCLS light sources 
The more advanced Linear Silicon Drift Detector (LSDD) arrays for high speed imaging – up to 5 million 
images per second – are foreseen for the XFEL facility at DESY in 2014.

The center for free electron laser studies CFEL

Fig.1 Schematic view of one LSDD detector subunit, composed of 
256 channels with a pixel size of 200μm. The charges collected in 
the detector volume are drifted by a suitable electric field to 256 
individual read-out anodes equipped with an on-chip amplifying
electronics (e.g. DePMOS). The position of interaction in the 
direction perpendicular to the drift field is given by the column-
wise geometrical segmentation, while in the direction of the drift
field it is given by the drift time. 

Fig.2 Diagram of the electron potential in a plane parallel to the 
LSDD detector surface. Signal electrons are collected in the 
nearest drift channel perpendicular to the detector surface and then
drift parallel to the surface to the respective anode. During the drift
process the charges are confined in one individual column. 

Fig. 3. Sketch of the proposed readout module for the LSDD. One 
of these modules is orthogonally connected to a detector subunit of 
the size of 25mm x 25 mm. It should provide analog amplification, 
analog to digital signal conversion, data storage and data 
transmission, fulfilling severe requirements in terms of speed, area 
occupancy and power consumption. The module should be able to
handle a peak data rate coming from the detector of 500 Gb/s. 

The Semiconductor Laboratory has submitted a proposal 
for the realization of a detector system based on a fully 
depleted high-speed X-ray Linear Silicon Drift Detector 
(LSDD). Thanks to its charge transport scheme and its 
intrinsic amplification, given by amplifying DePMOS
[2] readout anodes integrated on the detector chip, 
LSDD is able to provide high speed, high dynamic range 
and low noise at the same time. The final detector 
system will be composed of 1k x 1k pixels. 
The Linac Coherent Light Source (LCLS) at SLAC will 

start operation 4 years ahead of the XFEL in Hamburg 
with similar X-ray parameters but reduced integral flux. 
Scientist of the MPG intend to join experiments at an 
early stage. CFEL has offered to implement a 1k x1k  
pnCCD detector operating at 120 Hz as a focal plane 
instrument for X-rays from 0.1 keV to 15 keV.
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We show results of efforts done within the German Astrophysical Virtual Observatory (GAVO). GAVO has 
paid special attention to the introduction of theory data (simulations) into the Virtual Observatory (VO). The 
main emphasis of GAVO in this context was to investigate the use of relational database technology in the 
analysis of results of large scale structure simulations, as well as in their online publication. We also show
prototypes of so called Virtual Telescopes, online services to “observe” simulation results so as to produce 
results that can directly be compared to corresponding observations. 

Theory in the German Astrophysical VO

References and further links
[1] Springel V. et al. 2005 Nature 435, 629
[2] http://research.microsoft.com/research/pubs/view.aspx?
tr_id=736
[3] http://www.g-vo.org/Millennium
[4] Lemson & the Virgo Consortium, astro-ph/0108019

Fig 1: GAVO web interface for querying the 
Millennium databases. Results can be obtained in a 
variety of formats and can be visualised online using 
the VO-India’s VOPlot facility.

We have used a relational database to store the 
detailed assembly histories of sub-haloes resolved by 
the Millennium simulation [1], and of all the galaxies that 
form within these structures for two independent models 
of the galaxy formation physics. We have created web 
applications (see Fig. 1) that allow users to query these 
databases remotely using the standard Structured 
Query Language (SQL). This allows easy access to all 
properties of the galaxies and halos, as well as to the 
spatial and temporal relations between them and their 
environment. Information is output in table format 
compatible with standard Virtual Observatory tools and 
protocols. 
Time evolution in the Millennium database is embodied 
in the storage of merger trees of both dark matter halos 
and galaxies. To store such hierarchical data structures 
in a relational database we invented a new method that 
allows fast retrieval of the history (and future) of 
arbitrary nodes in the tree, illustrated in Fig.1. Also 
spatial searches require special indexing techniques, 
for which we have investigated various space filling 
curves, but also a simple “zone” approach, similar to 
that proposed for the SDSS SkyServer database in [2]
For more details see the documentation on the website 
[3] and the announcement in [4].

The Millennium Database

Fig 2: Two examples of results of a virtual 
telescope, one creating mock catalogues through 
a cosmological simulation, the other creating 
images of hydro simulations of galaxy clusters

Gerard Lemson and Wolfgang Voges, GAVO, 
Max-Planck-Institut für extraterrestrische Physik, Garching, Germany

Virtual Telescopes

Here we show examples of existing web applications 
that illustrate the concept of the virtual telescope. By
modeling the relevant aspects of the real observational 
configuration, including sources, possible 
absorbing/emitting/lensing foregrounds as well as the 
instrumental characteristics, virtual telescopes produce 
mock images that can be directly compared to real 
observations, possibly using tools developed for real 
observations.
As such, virtual telescopes form an important tool by 
which the virtual observatory aims to bridge the gap 
between observers and theorists. The examples in 
Fig.2 as well as others are available on the GAVO web 
site (http://www.g-vo.org) for online execution. 

Acknowledgements The Millennium database was 
built in close cooperation with the MPA. GAVO is 
funded by the German Federal Ministry for Education 
and Research.
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Arthur Carlson, Wolfgang Voges, Peter Schuecker, Hans Böhringer

A cluster is a localized region with many 
galaxies and x-ray-emitting gas. But a 
filament seen end-on also has many galaxies, 
and AGNs emit x-rays but are not associated 
with clusters. Only by combining both types 
of observations can clusters be reliably 
identified. The algorithm developed at MPE 
first calculates a likelihood map from galaxy 
positions and magnitudes, then another map 
from x-ray photons, and finally multiplies the 
two together. This requires access to large 
astronomical catalogs and, for the large sky 
coverage needed for statistical analysis, long 
run times, so grid computing is attractive.

References:
1. Detection of X-ray clusters of galaxies by matching RASS photons and SDSS galaxies within GAVO,

P. Schuecker, H. Böhringer, and W. Voges, Astronomy&Astrophysics 420, 61–74 (2004).
2. http://www.gac-grid.de/

Reliable identification of clusters of galaxies, which can be analyzed to deduce cosmological parameters, 
requires the combination of optical and x-ray surveys.1 The extensive data storage and computational 
power needed are best obtained by using grid computing technology, which MPE is developing within the 
framework of the German Astronomy Community Grid.2 The software and hardware solutions delivered 
will be applicable to many problems in modern astronomy.

Grid computing becomes more practical and 
accepted when it is supported by additional 
technology such as workflow engines, data 
streams, and monitoring and steering. The map 
on the left shows an application that dynamically 
displays the geographic location and current 
status of resources in the German Astronomy 
Community Grid.

Finding Galaxy Clusters with Grid Computing
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Grid computing allows users to easily share heterogeneous computational resources across 
administrative domains – computing power, data storage, or even equipment like robotic 
telescopes. A key concept is authentication of the user by a certificate created using public key 
cryptography. Another central idea is logical identification of resources, so that the user does 
not have to know exactly where his data and program are stored or where his calculations are 
carried out. In most cases of interest, the job can be parallelized and run on many hosts 
simultaneously.
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W. Bunk – T. Aschenbrenner – R. Pompl – F. Jamitzky

Searching in data bases for images without using verbal descriptors or manual tagging of the 
stored images is desired in many applications. The aim of "query by image content" is to search 
in data bases for images by providing only a template or a set of image samples that have desired 
properties in common. Some elements of such a future search engine, including steps of 
advanced image processing, feature extraction and hierarchical image retrieval are presented.

Information Based Analysis of Structural Image Content

The methodological approach is demonstrated  with a set of images representing 111 so called 
Brodatz structures, widely used for testing image analysis techniques (Fig. 1a). In a first step the 
intensity values of the images are rescaled with respect to their structural information content. 
Next, several characteristics of the textures, concerning e.g. the intensity distribution and 
structural properties are quantified.  The results, including the exploitation of scaling properties of 
the textures, are embedded in a feature space. Based on this multidimensional representation 
several similarity measures between supplied image(s) and images of a library are estimated and 
compared. Finally, a hierarchical cluster analysis is performed to yield a set of rank ordered 
reference images. 

b) c)

a)

Figure 1: a) “Brodatz structures“ (subset)  used for testing.  b) Comparison of the detection rate of texture 
probes using different similarity measures (blue = linear, red = information based distance measure) as a 
function of the size of the probe. The inserts indicate the necessary size of the probe to achieve a detection 
rate of 40% (red vertical line) and 60% (blue line) on average for the different measures. c) Example of a 
hierarchical image retrieval: The elements within the red rectangle form a subcluster and contain the 
provided texture sample (marked by the green frame). 
To assess the reliability of the measures and extracted features, texture detection rates are 
investigated between disjoint probes of the same set of textures (Fig. 1b). The Kullback-Leibler
entropy – used as similarity measure - yields the best detection rate in these tests. The information
based data rescaling improves the detection rate by an additional amount in combination with 
texture measures. Fig. 1c shows a result of a hierarchical image retrieval: each texture in the upper 
part of Fig. 1c represents a subcluster of similar textures in terms of the choosen similarity measure. 
The true distances of the cluster representatives are approximated in a two-dimensional projection. 
One of the subclusters, containing the provided texture example, is shown in detail. The hierarchical 
retrieval can be tuned iteratively by introducing information based weights and by providing 
additional texture probes.
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The plasma torch consists of 6 stainless steel 
electrodes placed inside an aluminum cylinder. In this 
study, only Ar gas (purity 99.998%) is used in order to 
minimize the production of toxic gases. 2.2 slm is 
applied from the base of the electrodes through a 
Teflon shower plate which regulates gas flow around 
the electrodes. Microwave power of 2.45 GHz is 
applied to the electrodes through coaxial cables via a 2 
stub tuner. The input power is 95 W. 6 small plasmas 
are produced between each of the electrode's tips and 
the inner surface of the cylinder.

Characterization of microwave plasma torch for
decontamination

T. Shimizu, B. Steffes, R. Pompl, F. Jamitzky, W. Bunk, K. Ramrath*, B. Peters*, 
W. Stolz*, H.-U. Schmidt*, T. Urayama**, S. Fujii**, G. Morfill

An atmospheric low-gas temperature plasma torch using microwave has been developed and 
applied to sterilization of bacteria. To produce discharges, Ar gas of 2.2 slm is used and 
microwave power of 95 W is applied to the electrodes in the torch. At a position of 17 mm away 
from the torch, the gas temperature is 28 degrees, sufficiently cool so that the plasma doesn’t 
harm living organisms. When an Escherichia coli culture is placed at this position for 2 minutes, 
the bacteria are almost completely killed in a 40 mm diameter circle. Tests with other cultures 
have also shown the bactericidal effect. We consider that this technique could be used for 
different medical application, in particular wound healing and, have started a clinical study for 
the therapy of chronic foot and leg ulcers.
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The figure shows the z-profiles (z: distance from the 
torch) of the measured temperature, NO2 density at the 
torch axis and the floating potential of a grid electrode. In 
the vicinity of the torch, the gas temperature is relatively 
high. However, just after the opening of the torch (z = 2 
mm) until z = 13 mm, the gas temperature has decreased 
drastically. At z = 13 mm, the temperature is 40 degrees, 
low enough so that the plasma does not harm human skin. 
From the measurement of the NO2 density profile, at z = 
8 mm there is a maximum. This indicates that the plasma 
flow from the torch faces the ambient air around the 
position. In order to determine how the plasma is 
distributed below the torch, the floating potential of the 
grid is measured. The potential also decreases as z
increases, almost in the same way as the gas temperature.

We observed the plasma exposure effect on bacteria. For 
example, when an E.coli culture is placed 17 mm away from 
the output of the torch for 2 minutes, a  sterilizing effect on 
the bacteria can be observed as shown in the figure. In a 
circle of 40 mm diameter, a bactericidal effect has been 
observed. The boundary of the inhibition zone is a little fuzzy 
and the area is slightly larger than the opening of the torch. 
The surface temperature of the agar plate increased 5.7 
degrees and reached 28 degrees during the treatment. 

*Krankenhaus München Schwabing, **ADTEC Plasma Technology Co. Ltd.
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Roberto Monetti and Wolfram Bunk

Synchronization is a process where two (or many) systems adjust a given property of their 
motion to a common behavior due to a coupling or forcing. Consider a sequence 
x=(4,7,9,10,6,11,3). We define symbols which reflect the order of all possible subsequences. 
For instance, for subsequences of length p=2, only two symbols A=(0,1) and B=(0,1) are 
possible. Then, the symbolic representation of the sequence becomes                                  
Figure 1 shows the symbolic representation of two time series (red symbols) for p=4. Given two 
symbols S1 and S2 there always exists a symbol T called transcription such that T[S1]= S2. Green 
symbols in Fig. 1 show the transcriptions between the symbolic representations of the time 
series. For p>2 the set of symbols G can be divided into non-overlapping classes Ci (G=Σ Ci) 
satisfying a power property, namely if S™ CN then SN=I, where I is the identity. Figure 2 shows 
the transcription matrix for p=3, where the two possible “power classes”, i.e. S2=I (red symbols) 
and S3=I (black symbols) are shown. In order to characterize synchronization, we evaluate the 

References:
• M. Rosenblum, A. Pikovsky, and J. Kurths, Phys. Rev. Lett. 78, 4193 (1997). 

We introduce a methodology to characterize synchronization phenomena in time series based on 
a variant of symbolic dynamics (SD). In SD instead of representing trajectories by infinite 
sequences of numbers one watches the alternation of symbols. In this context, synchronization is 
identified by typical symbol patterns which frequently appear during symbol evolution. By 
applying our method to a prototype non-linear coupled system, we are able to describe different 
types of synchronization and other details of the coupled dynamics.

Analysing Time Series using Symbolic Dynamics

( )BABAAAxRp ,,,,,)(2 ==

Shannon entropy of the probability distribution of 
transcriptions Π(T), i.e.                                        , 
where i runs over the transcriptions in power class N. 
We apply the method to a bi-directionally coupled 
Roessler-Roessler system(1). Figure 3 shows E for the 
“power 3 class” versus the coupling parameter k
between the Roessler subsystems. Vertical full lines 
from left to right indicate transitions to phase-, 
generalized-, and lag-synchronization, respectively. 
Vertical dashed lines indicate periodic windows. The 
surrounding plots are delay coordinates plots for p=7
and different k where the power classes of the 
occurring transcriptions are displayed in different 
colors. Colors from deep blue to yellow indicate 
increasing powers. Figure 3 shows that using 
information measures for the power classes allows us 
to reveal  the complex synchronization dynamics of 
this system.
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F. Jamitzky, W. Bunk, W. M. Heckl and R. W. Stark

Even if the system is linear in the absence of impacts, such as a freely oscillating AFM 
cantilever, the overall dynamics of the AFM exhibits a rich variety of behavior because of the 
non-linearity introduced by the impacts of the tip. In this work methods from dynamical systems 
theory have been used in order to investigate the phenomena resulting from the non-linearities
induced by the interaction of the tip with the sample surface like hysteresis and sub-harmonics 
of the trajectories. 

References:
• F. Jamitzky , M. Stark ,W. Bunk ,W. M. Heckl and R. W. Stark, Chaos in dynamic atomic force microscopy, 
Nanotechnology 17 (2006) p. 213 – p. 220
• F. Jamitzky and R. W. Stark, Intermittency in dynamic atomic force microscopy, NOLTA Proceedings 2006

An atomic force microscope can be viewed as an impact oscillator. These systems are a special 
class of continuous time dynamical systems which undergo intermittent impact collisions and 
have dynamical trajectories in state space which are piecewise continuous, however, with 
discontinuities in the velocities resulting from the collisions of the tip with the surface.

We report about a new chaotic mode of the AFM that has not been observed so far. During the 
retraction of the tip from the surface the deflection signal shows strong indications of 
intermittent behavior. The intermittency has been characterized to be either of Type III or on-off 
intermittency. Furthermore, understanding the dynamics of the system could help improve the 
overall system performance by being able to control the AFM in some desired dynamical 
regime or by preventing the AFM from going into some undesirable regime which would 
eventually result in system failure. 

Chaotic Motions of the AFM

Figures: Upper left panel: Time series of the deflection 
signal of the cantilever during the snap-off phase 
showing clear signs of intermittency. Upper right: Delay 
coordinate embedding of the deflection signal showing 
two attractors. Lower right: Power spectrum of the 
deflection signal showing a peek at the driving frequency 
and a scaling of f-1 corresponding to On-Off 
intermittency or type III. The inset shows the 
experimental setup.
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K. Ramrath* - W. Stolz* - T. Urayama+ – S. Fujii+ – G. Morfill

* Hospital Munich Schwabing, Munich, Germany         + ADTEC Plasma Technology Co. Ltd., Hiroshima, Japan

The bactericidal effect of low-temperature plasmas is used in sterilizing surfaces of e.g. medical 
instruments. Their properties, like contact-free treatment and penetration of small cavities, make 
this technique highly attractive for medical in-vivo applications. In the project "plasma 
medicine" the suitability of this technique in the treatment of chronic foot and leg ulcers is 
investigated in cooperation with the Ludwig-Maximilians-Universität/Krankenhaus München
Schwabing and ADTEC Plasma Technology Co., Ltd. (Japan). Bacterial colonization of the 
wounds leads to a prolonged healing process which is further complicated by germs that are 
resistant to many antibiotics. Our approach is the reduction of the bacteria load on the wounds 
by application of low-temperature plasma at atmospheric pressure. To this purpose a new 
plasma device (a microwave plasma torch) has been developed by our group.
Before low-temperature plasmas are applied in-vivo, its bactericidal efficiency and medical 
compatibility have to be verified. The first has been accomplished by treating bacteria strains 
relevant to wound healing. A clear sterilizing effect after two minutes of treatment could be 
observed in all tested samples including antibiotic-resistant bacteria. However, the size of the 
sterilized area depends on the bacteria type (see Fig. 1). In order to investigate the medical 
compatibility of plasma treatment, comprehensive ex-vivo tests of human blood, skin and cell 
samples have been conducted. In one of these tests, we treated human skin, which had to be 
taken routinely during regular surgery. The treatment was performed minutes after the surgery. 
The results did not show any deterioration, when the treatment time was kept within reasonable 
limits (see Fig. 2). In another experiment 5 ml of human blood was treated with the plasma 
device for one and two minutes respectively. The subsequent blood count did not show changes 
with respect to the untreated sample. 

Low-temperature plasmas are an attractive tool for many medical applications. The objective of 
our project is to utilise the benefits of this technique to the healing of chronic foot and leg ulcers. 
We developed a device that operates under atmospheric conditions. This contribution 
investigates the efficiency of plasma treatment on a wide range of bacteria that are relevant to 
wound healing. Also the medical compatibility of plasma treatment is analysed ex-vivo using 
human blood and skin tissue. 

The results of these tests enabled a clinical study that started end of 2005 and will last until mid 
of 2007. First analysis of the available results confirms a reduction of the bacteria load on the 
wound. Also, no unwanted side-effects have been observed and the patients did not report 
painful sensations during or after the treatment.

Efficiency and Medical Compatibility of 
Low-Temperature Plasma Sterilization

Fig 1: Examples of bacterial cultures on agar 
plates after 2 minutes of plasma treatment. 
The transparent areas correspond to the 
sterilized region.

Fig 2: Histological images of skin samples, treated ex-
vivo. After 2 minutes no changes could be observed 
(right image) with respect to the untreated control 
sample (left image). 
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The information about the bone structure was obtained from the 3D high-resolution magnetic
resonance (HRMR) images of distal radii (Fig.1a), which can be regarded as a 4D point
distribution, where the fourth dimension corresponds to the grey level of the point (voxel). For
each point of the image the weighted cumulative point distribution using a Gaussian shaping
function was calculated and structural decomposition of the image according to its structural
elements was obtained [1]. The probability distribution of the scaling indices P( )  (Fig.2)  for
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• 1. Boehm HF, Raeth C, Monetti R, Mueller D, Newitt D,Majumdar S,Rummeny E, Morfill G, Link T, Invest Radiol
38(5): 269-280 (2003)
• 2. D.Mueller, T.M.Link, R.Monetti, J.Bauer, H.Boehm, V.Seifert-Klauss, E.J.Rummeny, G.E.Motfill, C.Raeth,
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Osteoporosis is a metabolic bone disorder considered by the World Health Organisation (WHO)
as one of the ten most important diseases worldwide. Bone mineral density (BMD) is the standard
clinical parameter used for the diagnosis of this disease. BMD is a global measure of the mineral
content of the bone and completely disregards the bone trabecular micro-architecture. The scaling
index method (SIM) is introduced in this context as a novel approach to quantify structural
differences in the bone trabecular network of healthy persons and patients with osteoporosis.

osteoporotic patients is shifted to the higher values in
comparison with healthy ones, because the structural
deterioration of bone tissue leads to less trabecular
structure present in the distal radius. From the
spectrum of scaling indices P( ) a 3D nonlinear
structure texture measure md was extracted using a
filtering procedure with two sliding windows of
variable width (Fig.2). We pointed our attention to the
region of scaling indices [2,3], which corresponds
to the transition from trabecular (Fig.1b) to marrow
bone (Fig.1c) micro architecture.

Characterising bone structure for the diagnosis of
osteoporosis

Fig.1.Distal radii:
a) Segmented region
of the HRMR
b) [0; 2.5]
c) [2.5; 4]

a)

b) c)

Fig.2. Spectrum of scaling
indices of healthy (blue)
and osteoporotic (black)
patients. Two sliding
windows (red and dark
blue) for the best value of
AUC

0.676±0.0150.683±0.090.59Tb.Sp

0.706±0.0140.712±0.0850.71BMD

0.843±0.010.865±0.0540.85md

jackknifebootstrapmaxAUC

Tab.1. Maximum and mean values of the AUC

with the lowest standard deviations and therefore highest consistency among all parameters. From
the presented results one may conclude that the local 3D scaling index method can be used for the
prediction of fracture risk, caused by osteoporotic changes in trabecular bone microstructure.

The SIM-derived texture measures md, BMD and 2D
morphometric parameters were analysed by means of
a receiver operating characteristic method (ROC),
with regard to the spine fracture status. We obtained a
higher value of the area under the curve (AUC) for md

(AUC=0.85 in vivo [2] and AUC=0.89 in vitro)
compared with BMD and trabecular separation Tb.Sp.
(Tab.1), which means a superior diagnostic
performance for differentiating patients with and
without osteoporotic spine fractures. Statistical
validation of our results using bootstrap and jackknife
techniques showed significantly better results for md

than for BMD and 2D morphometric parameters
(Tab.1), i.e. md performed in both resampling methods

158



Th. Aschenbrenner, W. Bunk, S. Springer*, R. Pompl

The electroencephalogram (EEG) of epileptic patients in acute phases is characterized by 
epileptiform features such as spikes and waves. However in periods between the attacks the EEG  
often appears inconspicuous and lacks such obvious signatures. It is supposed that even in this 
interictal periods electrical brain activity differs from that of healthy subjects regarding 
synchronization behavior. Multichannel EEG recordings (21 leads) allow for studying spatial-
related synchronization effects. A new method for the quantitative assessment of spatio-temporal 
structuring of brain activity is presented. This approach combines several correlation measures 
that are sensitive to linear and/or non-linear relations in multichannel scalp EEG with an 
hierarchical cluster algorithm. In time domain synchronization is characterized by Pearson´s
coefficient, Spearmans rank-order correlation coefficient and mutual information. In the 
frequency domain the applied quantities are Kullback-Leibler (KL) distance on the Fourier 
spectra or measures, which quantify the relations of instantaneous phases based on the Hilbert 
transformation.  Beside a quantitative description of the overall degree of synchronization the 
spatial relations are investigated by means of the cluster characteristics. This methods are 
employed in a case study of a child with frontal lobe epilepsy and tested against an age-matched 
control group. The chosen information measures not only demonstrate their suitability in the 
characterization of the ictal and interictal phases, but they also reflect the recovery during 
successful medication (see Fig.1). The suitability of the different measures to discriminate the 
two groups is expressed by a contrast parameter (see Fig.2). Fig. 3 displays the locally resolved 
contrast parameter for the KL-distance. The synchronization of  brain dynamics recorded by pairs 
of electrodes is color-coded according to their discriminatory power between the two groups.       

A number of different synchronization measures is tested for their suitability to discriminate 
between electrical brain activity in interictal phases (between attacks) in an epileptic child and 
regular brain activity of an age-matched control group.

Fig.1: Mean KL-distance and standard deviation of the different EEG    
recordings (red: epileptic child acute phase, green: epileptic child 
non-acute phase, blue: control group). Medication results in a 
synchronization of  the brain towards the characteristics of the 
control group.

Fig.2: Comparison of the contrast values for the different measures. High 
contrast reflects an enhanced sensitivity of the corresponding quantity 
to the different electrical brain synchronization in the epileptic 
patient compared to the control group.  

Fig.3: Color-coding of the contrast for every pair of electrodes based on
the KL-distance.

Quantitative Description of Synchronization in 
Electrical Brain Activity *

* Collaboration with S. Springer, Heckscher Klinik für Kinder- u. Jugendpsychiatrie, München
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