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Nu het einde van het jaar nadert

is dan toch eindelijk het eerste

nummer van 2011 van ons tijd-

schrift verschenen. Zoals ik al

vaker op deze plaats genoemd

heb, is het moeilijk om kopij te

vinden. De vraag dringt zich dan

op waar dat dan aan ligt. Een

mogelijke oorzaak ligt in het

beperkte bereik van ons tijd-

schrift. Iedereen heeft het tegen-

woordig druk en als je als

onderzoeker wil publiceren kies

je toch eerder voor een

IEEE-tijdschrift dan voor het

Tijdschrift van het NERG.

Vorig jaar bestond het NERG 90

jaar. In het volgende nummer zal

hier aandacht aan besteed

worden. Onze oud-voorzitter

Wim van Etten is bezig met een

artikel over de geschiedenis van

het NERG. Verder willen we in

het volgende nummer een

register van gepubliceerde arti-

kelen in ons tijdschrift publi-

ceren. Het laatste register is in

1995 gepubliceerd ter gelegen-

heid van het 75-jarig jubileum

van het NERG. We moeten nog

bekijken of dit een integraal

register wordt met alle publica-

ties sinds 1920 of dat het een

register wordt met alleen de

publicaties vanaf 1995.

In dit nummer vindt U een

artikel over geïntegreerde opti-

sche beamformers m.b.v. ring

resonatoren. Optische beamfor-

ming kan toegepast worden voor

de fasesturing van phased-array

antennes voor bijv. radar en radi-

o-astronomie. Verder een artikel

over OLFAR. OLFAR is een con-

cept voor een radiotelescoop

werkend in het frequentiegebied

1-30 MHz. Deze radiotelescoop

zal bestaan uit 50 satellieten in de

ruimte. Het laatste artikel gaat

over het ontwerp van een dub-

belspoel voor in-vitro biologi-

sche experimenten. Verder treft

U ook weer het vertrouwde

proefschriftenoverzicht aan.

Omdat dat vorig jaar niet gepu-

bliceerd is, treft U nu het over-

zicht van de jaren 2008-2009 en

2009-2010 aan. Vanaf volgend

jaar zullen de proefschriften-

overzichten voortaan per kalen-

derjaar gepubliceerd worden

omdat dit beter aansluit bij de

overzichten die de universiteiten

zelf maken. Het volgende proef-

schriftenoverzicht zal, als over-

gang, de periode 1 september

2010 - 31 december 2011

omvatten.
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In this article we introduce one of the microwave

photonics techniques being researched in our

group, namely integrated photonic beam former

for phased array antennas. The photonic beam

former operates with true time delays achieved by

means of integrated optical ring resonator filters.

Compared to the conventional electrical beam

former, this photonic solution provides the advan-

tages of large instantaneous bandwidth, small size,

light weight, low loss, and immunity to electro-

magnetic interference. The bandwidth configurabi-

lity and continuous delay tunability of the optical

ring resonator-based delay elements allow the

phased array antenna to perform squint-free and

seamless beam steering for broadband applications

such as mobile Ku-band satellite communication

and gigahertz-bandwidth radio telescope. An

exhaustive system performance analysis and the

characterization of a realized photonic beam

former chip have been published in [1] and [2],

which are later referred to as the breakthroughs in

microwave photonics in 2010 [3].

)*+,-% +##+. +!"-!!+

Phased array antennas consist of multiple identical

antenna elements which are spaced orderly from

each other. With the proper design of the antenna
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element and the array geometry, the radiation pat-

tern of a phased array antenna can be realized with

strong sensitivity of direction. This allows intentio-

nally reinforced transmission and reception of RF

signals in the target-communication directions and

at the same time signal suppression in the direc-

tions causing interference as illustrated in Figure 1.

This functionality is achieved by means of the

beamforming technique. Unlike other types of

direction-sensitive antennas such as dish antennas

and horn antennas, a phased array antenna can

steer its formed beam electrically without the need

of being attached on a mechanical rotator. This

grants the phased array antenna attractive proper-

ties such as high steering accuracy and speed, low

profile, and light weight. Nowadays phased array

antennas play an important role in modern radar

and wireless communication systems. Conventi-

onal phased array antennas are fed by the electrical

phase shifter-based beam former, which is a cir-

cuitry to control the amplitude and phase of each

antenna element. However, it suffers from the

well-known beam squint problem (beam direction

varies with RF frequency), limiting the antenna to

narrowband operations. For many applications,

however, it is highly desirable that the phased

array antennas can operate in a broad band, such as

Ku-band (10.7 - 12.75 GHz) antennas for satellite

communications and gigahertz-bandwidth antenna

telescopes for radio astronomy. An effective solu-

tion to the problem is the use of true time delays

instead of the phase shifters. Traditionally, the

beam formers for the phased array antennas were

realized using individual electrical and electronic

components. This was the most intuitive approach

since antennas operate on an electrical driving

source. With the advancement of technology,

severe limitations were observed in some electrical

devices. For example, copper wires display high

losses at high frequencies resulting in a limited

bandwidth for the feed signals. Furthermore, beam

formers using traditional electronic components

are usually bulky and have a relatively high

weight, thus limiting their use in airborne systems.

Integrated electronic beam formers features small

size and light weight. However, desired properties

such as multi-gigahertz bandwidth, low loss, large

delay range, continuous tunability, and low

channel crosstalk caused by electromagnetic inter-

ference still remain challenges, and in general the

improvements of them are hindered by the phy-

sical limits of electronics. However, another tech-

nology field, microwave photonics, opens the door

of overcoming the physical limits of the current

electronics in RF/microwave systems by means of

the utilization of photonic devices.

 !"#$%& '(%) *+,)(,

Microwave photonics is a relative young and inter-

disciplinary research area. It investigates the tech-

niques of processing RF/microwave signals with

photonic devices, motivated by the attractive

advantages of photonic devices, such large instan-

taneous bandwidth, light weight, small size, low

loss, and immunity to electromagnetic interfe-

rence. In the recent years microwave photonics has

successively found itself in the applications such as

broadband wireless access networks, sensor net-

work, radar, satellite communications, instrumen-

tation, and warfare systems, and currently there is

an increasing effort in researching new microwave

photonics techniques for the generation, proces-

sing, control and distribution of microwave and

millimeter-wave signals. Among them an interes-

ting subject is true time delay-based optical beam

former for phased array antennas. True time

delay-based optical beamforming techniques can

be classified into two categories: free-space

optics-based beam formers and optical beam for-

mers using fiber or guided-wave optics. The first

category involves bulky optic components (mir-

rors, lenses, prisms, and etc.) and normally has a

relatively large size and heavy weight. The second

category is highly preferred for the realization of

light and compact systems. The optical delay line

structures that have been proposed as the true time

delay elements of the optical beam former include

optical fibers, fiber Bragg gratings, semiconductor

optical amplifier, and integrated photonic filters.

Among them integrated optical ring resonator

(ORR) filters appear to be an outstanding candi-

date for tunable delays. Beside their compactness,

simplicity in realization and operation, ORR filters

provide continuous delay tunability over a confi-

gurable bandwidth [4]. Therefore, the ORR-based

integrated photonic beam former not only shares

the common advantages of microwave photonics

but also allows the phased array antenna to per-

form squint-free and seamless beam steering for

broadband applications.

-(.#$( !,#/$#!&(0

When an optical carrier is modulated by an RF

signal and propagates through an ORR filter, the

effective time delay to the RF signal is determined

by the group delay of the filter, the simplest imple-
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mentation of which is an ring-shaped waveguide

placed in parallel to a straight waveguide, as illu-

strated in Figure 2. The group delay response is

periodic and the periodicity (dubbed as the free

spectral range) is inversely proportional to the

round-trip time in the ring. Each period of the

group delay response is a symmetric bell-shaped

function of frequency, centered at the resonance

frequency of the ring (Figure 2). This resonance fre-

quency can be varied by tuning the round-trip

phase shift, f, of the ring and the maximum delay

can be tuned by varying the power coupling coeffi-

cient between the straight waveguide and the

ring, k. In our solution, the ORRs are realized in an

integrated chip and the thermo-optical tuning

mechanism is used to vary the resonance frequency

and the coupling coefficient of the ORR. In the chip

each ORR uses two chromium heaters for the

tuning, as illustrated in Figure 2. The principle of

this thermo-optical tuning can be found in [5]. The

peak value of the delay is approximately inversely

proportional to the width of curve since the area

underneath the delay curve in one period is always

equal to one. This imposes a trade-off between the

highest delay values that can be provided with the

bandwidth. To overcome this, several ring resona-

tors can be cascaded, where the total group delay

response is the sum of the individual ring res-

ponses. This is illustrated in Figure 3. When the

optical ring resonators are placed in the paths of a

signal combining circuitry for the phased array

antenna, an optical beamforming network (OBFN)

Tijdschrift van het NERG deel 76-nr.1-2011 5

 !"#$% &' (#)*+,% -./!0*, 1%,*2 +*3%1 -) *) -./!0*, $!)" $%3-)*/-$4 (5% "$-#. 1%,*2 $%3.-)3% -6 3#05 *) 788

!3 * +%,,935*.%1 6#)0/!-) -6 /5% 6$%:#%)02; <5%$% !/3 $%3-)*)0% 6$%:#%)02 *)1 =*>!=#= 1%,*2

0*) +% /#)%1 #3!)" /5%$=-9-./!0*, /#)!)" =%05*)!3=4

 !"#$% ?' @%6/' 305%=*/!0 -6 /<- 3%$!*, 7883; $!"5/' "$-#. 1%,*2 $%3.-)3% -6 * 0*30*1% -6 /<- 7883 !3 /5% 3#= -6 /5%

"$-#. 1%,*2 $%3-)3%3 -6 /5% !)1!A!1#*, 7884 B) /5!3 <*2; /5% =*>!=#= 1%,*2 *)1 /5% +*)1<!1/5

-6 /5% $%3.-)3% 0*) +% !)0$%*3%14



is obtained as depicted in Figure 4. The amplitude

tapering for the beamforming of the phased array

antenna is achieved by employing tunable cou-

pler-based combiners in the signal combining cir-

cuitry.

 !"#$% &'()*#$(#+'$

On the system level, advanced signal processing

techniques, namely filter-based optical sing-

le-sideband suppressed-carrier modulation and

balanced coherent optical detection are used in our

solution for the E/O and O/E conversion of the sig-

nals. The optical single-sideband suppres-

sed-carrier modulation significantly reduces the

optical bandwidth requirement on the OBFN. As

explained in the previous section, this bandwidth

reduction means the reduction of the required

number of ORRs and hence the reduction of OBFN

complexity. Moreover, balanced optical detection

effectively cancels out the undesired DC and

second-order components in the detector output,

which improves the signal dynamic range of the

system [1], [2]. As another advantage the required

optical sideband filter and the optical carrier rein-

sertion circuitry can be achieved with the same

building blocks as the beamforming network and

therefore can be integrated together with it in one

single photonic chip. The architecture of the pho-

tonic beam former is depicted in Figure 5. Recently,

such a photonic beam former chip has been

designed and fabricated for research purpose. It

consists of a 16 × 1 binary-tree combining circuitry

with a total of 40 ORRs symmetrically allocated in

the optical paths, an optical sideband filter consis-

ting of a double-ring assisted Mach-Zehnder inter-

ferometer [6], and an optical carrier reinsertion

circuitry. It is able to provide a maximum delay of

290 ps over an optical bandwidth of 4.5 GHz, and

the footprint of the chip is 2 × 1 cm2. The schematic

of this photonic beam former chip is depicted in

Figure 6a. The chip has been realized on a silicon

substrate by LioniX B.V. using their proprietary

TriPleXTM planar waveguide technology [7], which

features low fabrication cost, low propagation loss,

and compact footprint. The chip mask layout and a

photograph of the fabricated chip are shown Figure

6b and 6c, respectively.
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OLFAR, Orbiting Low Frequency Antennas for

Radio Astronomy, will be a space mission to

observe the universe frequencies below 30 MHz, as

it was never done before with an orbiting telescope.

Because of the ionospheric scintillations below 30

MHz and the opaqueness of the ionosphere below

15 MHz, a space mission is the only opportunity for

this as yet unexplored frequency range in radio

astronomy. The frequency band is scientifically

very interesting for exploring the early cosmos at

high hydrogen redshifts, the so-called dark-ages

and the epoch of reionization, the discovery of pla-

netary and solar bursts in other solar systems, for

obtaining a tomographic view of space weather,

ultra-high energy cosmic rays and for many other

astronomical areas of interest. Because of the low

observing frequency the aperture size of the instru-

ment must be in the order of 100 km. This requires a

distributed space mission which is proposed to be

implemented using formation flying of small satel-

lites. The individual satellites are broken down in

five major subsystems: the spacecraft bus, the

antenna design, the frontend, backend and data

transport. One of the largest challenges is the

inter-satellite communication. In this paper the

concept and design considerations of OLFAR are

presented.

 ! "#$%&'()$*&#

In 1932 at Bell Telephone Laboratories Karl Jansky

built an antenna, designed to receive terrestrial

radio waves at a frequency of 20.5 MHz. After

recording signals from all directions, Jansky cate-

gorized them into three types of static: nearby

thunderstorms, distant thunderstorms, and a faint

steady hiss of unknown origin. This was the disco-

very of extra-terrestrial radio signals and in fact the

start of radio astronomy science. It took some time

before these results were taken serious and radio

astronomy started to build new instruments. After

World-War-2 new instruments were built, but at

higher frequencies. So, although radio astronomy

started at low frequencies, the focus was on higher

frequencies.

Research at low frequencies is one of the major

topics at this moment in radio astronomy and

several Earth-based radio telescopes are con-

structed at this moment (e.g. the LOFAR project in

the Netherlands [3,4], covering the 30- 240 MHz

range). It is considered as one of the last unex-

plored frequency ranges [11]. Low-frequency radio

astronomy has focused his operation mainly on the

frequency regime above ~50 MHz. Below this fre-

quency, Earth-based observations are limited due

to:

• Severe ionospheric distortions

• Complete reflection of radio waves below

10-30 MHz

• Solar eruptions

• Radio frequency interference (RFI) of man-

made signals.

There are however, a number of interesting scien-

tific processes that naturally take place at these low

frequencies, but which are hampered by the limita-

tions mentioned above.

The band is scientifically interesting for exploring

the early cosmos at high hydrogen redshifts, the

so-called dark-ages and the epoch of reionization.

This frequency range is also well-suited for disco-

very of planetary and solar bursts in other solar

systems, for obtaining a tomographic view of space

weather, ultra-high energy cosmic rays and for

many other astronomical areas of interest [7].

Because of the ionospheric scintillation below 30

MHz and the opaqueness of the ionosphere below

15 MHz, Earth-bound radio astronomy observa-
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tions in those bands would be severely limited in

sensitivity and spatial resolution, or would be

entirely impossible. A radio telescope in space

would not be hampered by the Earth's ionosphere,

but up to now such a telescope was technologically

and financially not feasible. With today's technolo-

gical advancements in signal processing and small

satellite systems we can design a distributed low

frequency radio telescopes in space which could be

launched within 10 years time [2][5].

In order to achieve sufficient spatial resolution, a

low frequency telescope in space needs to have an

aperture diameter of over 10-100 km. Clearly, only

a distributed aperture synthesis telescope-array

would be a practical solution. In addition, there are

great reliability and scalability advantages by dis-

tributing the control and signal processing over the

entire telescope array.

In OLFAR (Orbiting Low Frequency Antenna for

Radio Astronomy), we make use of distributed

sensor systems in space to explore the new fre-

quency band for radio astronomy. Such an array

would have identical elements, and, ideally, no

central processing system. Advantages of such an

array would be that it would be highly scalable

and, due to the distributed nature, such a system

would be virtually insensitive to failure of a frac-

tion of its components. Initially, such a system may

be demonstrated and tested in Earth orbits. In later

stages, swarms of satellite arrays could be sent to

outer destinations in space.

Individual satellites consist of a spacecraft bus and

the radio astronomy payload. The payload com-

prises a deployable antenna for the frequency band

between 1 and 30 MHz. The sky signals will be

amplified using an integrated ultra-low power

direct sampling receiver and digitizer. The signal

bandwidth available for distributed processing is

relatively low: only a fraction of the bandwidth.

Using digital filtering, any subband within the

LNA passband can be selected. The data will be

distributed over the available nodes in space.

On-board signal processing will filter the data,

invoke (if necessary) RFI mitigation algorithms and

finally, cross-correlate or beam-form ,data from all

satellite nodes [1][8]. If more satellites are available,

they will automatically join the array. The final cor-

related or beam formed data will be sent to Earth.

The reception of this data can be done using the

LOFAR radio telescope [4] (by use of the Transient

Buffer Board capacity) or using a dedicated system.

Having described the basic ideas of OLFAR, we

will focus on the various aspects in the remainder

of this paper. In section 2 the limitations of

Earth-based observations will be discussed which

motivates a space mission for low-frequency radio

astronomy. In section 3 a brief overview of the

science will be given. This results in a list of specifi-

cations and research and design challenges for

OLFAR, presented in section 4. A breakdown of the

proposed system is presented in sections 5 and 6.

Finally, conclusions are drawn and an outlook to

further research is given.
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To study the physical processes in the Universe,

observations are done at various wavelengths,

from Gamma rays to optical and radio frequencies.

Only certain parts are not blocked by the atmosp-

here of the Earth and can be observed by

Earth-based observatories. Blocked frequency

bands must be observed using space-based instru-

ments. Low-frequency radio astronomy below

30 MHz is recently taken into consideration.

Because of the long wavelengths very large scale

instruments are required to obtain sufficient ang-

ular resolution. Recent technological develop-

ments for transporting the huge amount of

information makes it possible nowadays to build

such instruments [3, 4].

New Earth-based low-frequency instruments are

focusing their operation mainly on the frequency

regime above ~50 MHz. Below this frequency

several problems will occur.

The first problem for radio waves below 50 MHz is

the Earth's ionosphere. The ionosphere plasma will

scatter the radio waves and below the so-called

plasma frequency, propagation of the radio waves

is not possible at all. This happens between 5 and 10

MHz (depending on day and night, and on solar

activity). Below these frequencies no observations

are possible with Earth-based observatories.

But even for higher frequencies the ionosphere

causes significant angular displacements, broade-

ning and intensity fluctuations. This can be com-

pared with viewing the sun from the bottom of a

swimming pool. The sun can be seen, but the image

is blurred by the surface variations of the water.
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These distortions are also a challenge for the new

low-frequency Earth-based observatories and

ionospheric calibration of the instruments is one of

the main topics.

Another reason for a space mission is man-made

and naturally occuring Radio Frequency Interfe-

rence (RFI) There are several potential threats con-

cerning the RFI environment of the Earth [9]:

• Earth-bound transmitters, mainly commercial

HF transmitters

• Auroral kilometric radiation (AKR), mainly in

the 0.15-0.3 MHz band

• Spherics from lightning, burst-like

Depending on the RFI levels, more bits must be

used in the A/D converters. This will be a major

burden on the computational power needed for the

instrument. Similarly, RFI levels will also influence

the required data transport bandwidth between the

antennas.

A space mission will lower the RFI levels and will

allow less bits in the A/D convertors. Clearly, in

Moon-orbit (at the backside of the Moon), at the

Earth-Moon L2 point, or at the Sun-Earth L4/5

points, these effects will not be present, or will be

reduced substantially. Calculations on the RFI

levels can be done easily using Free Space Path

Loss equations.

Two space missions whose primary purpose was

low-frequency radio astronomy have been laun-

ched so far: the Radio Astronomy Explorers (RAE)

1 and 2 (1968, 1973)[10]. RAE-1 orbited the Earth

and it detected strong man-made RFI and interfe-

rence from AKR and from solar winds interacting

with the Earth's magnetic field. RAE-2 was there-

fore sent into a Moon orbit. As can be seen in Figure

1, there is still a lot of RFI present in the data if the

Moon is not shielding the RFI from Earth. On the

backside of the Moon the RFI levels are very low. A

Moon orbit for OLFAR is therefore considered.

We can conclude that low-frequency observations

below 30-50 MHz must be done using space-based

instruments. In the next section a short overview of

interesting low-frequency radio science will be

given.

 ! "#$%&'()*(+,- .,/(+,(

With OLFAR a new unexplored frequency band

will be observed, most likely leading to new disco-

veries. In [6], Jenster and Falcke made an extensive

science case for a low-frequency observatory to be

built at the back side of the Moon. This location is

almost perfect for a low-frequency observatory:

(almost) no man-made RFI, very accurate know-

ledge of the position of the antennas, and no pro-

blems with the Earth's ionosphere. However,

Moon-based missions are very expensive. Also

making a 100 kilometer distributed array will be a

major challenge on the surface of the Moon.

This science case is the same as for OLFAR. The

main science drivers are [6]:

• Cosmology. What happened in the early universe

between the moment of the Cosmic Microwave

Background Radiation (CMB) at around 380.000

years after the Big Bang and the Epoch of Reioni-

zation (about 400 million years after the Big

Bang), the so-called Dark Ages.

• Extra galactic Surveys and Galactic Surveys.

• Transients, like solar/planetary bursts, X-ray

binaries, pulsars, exoplanets.

• Ultrahigh energy particles.

• Tomographic views of space weather.

And of course "serendipity" since a complete new

frequency window will be opened for the first time.

0! 12(,/&/,34/#+.

The main design considerations for an astrono-

mical low-frequency array in space relate to the

physical characteristics of the interplanetary and
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interstellar medium. The configuration of the satel-

lite constellation and the achievable communica-

tion and processing bandwidths in relation to the

imaging capabilities are also crucial design consi-

derations. This leads to the main initial specifica-

tions of an OLFAR array as listed in Table 1.

To realize such an astronomical instrument in

space, several major technical challenges have to be

met in the course to final operation of this instru-

ment. The following research and design chal-

lenges are addressed.

• Mechanics and systems engineering. This includes

the mechanical design and implementation of

the complete satellite, integration, testing, and

preparation of launch ready flight units.

• Absolute and relative navigation and attitude.

Design of the algorithms and software for deter-

mining the relative position and velocity, and

attitude and attitude rate of the satellites within

the cluster, and also the absolute position and

velocity, and attitude and attitude rate of the

cluster.

• Inter-satellite link. The satellites need to transfer

data, spread processor load, exchange hou-

se-keeping data and determine their relative

distance. For synchronized transmission and

reception, and for correlation, the satellites need

to synchronize clocks and reference oscillators.

• Active antenna system for low frequency radio astro-

nomy. Design (mechanics and electronics) of the

active antenna, including the LNA.

• Sensors for relative attitude determination. Deve-

lopment of MEMS sensors to determine the rela-

tive attitude and attitude rate of the satellite.

• Star trackers for absolute attitude determination.

Miniaturizing star trackers with minimal impact

on the mass, volume and power budget will be

considered.

• Constellation maintenance. For the array of satel-

lites it is important to measure, predict and cor-

rect for gradually drift of relative positions of

satellites. A minimal thrust scenario ensuring a

long life-time of the micro-propulsion system

needs to be developed.

• Correlation software and hardware. Development

of algorithms, software and hardware for both

the receiving beam for radio astronomy and the

transmit beam for the downlink.

• Protocols. The OLFAR systems will be open

standard and it will be possible for satellites

designed by other teams to join the radio tele-

scope network (a real autonomous sensor

system).

 ! "#$%&'(%&)'

Based on the specifications, the science objectives,

as well as the constraints imposed by the enginee-

ring feasibility of various solutions, there are

several options for locating the array:

• formation flying in-orbit around the Earth

• in-orbit around the moon,

• Earth-Moon L2

• Sun-Earth L4 and L5, and Earth leading and

tailing constellations.

One of parameters for determining the possible

destinations is the Earth-bound RFI, especially at

long-wave frequencies. A Moon-orbit distributed

array would be preferable, in which the

Moon-screened elements of the array observe the

universe and therefore will not be hampered by

Earth-bound RFI as can be seen in Figure 1. The rest

of the array could be used for both data processing

and for the data link to Earth.

The level of the Earth-bound RFI will determine the

number of bits in the Analog-to-Digital converters

in the satellites. The number of bits will be of large
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Frequency range 1-30 MHz

Antennas Dipole or tripole

Number of

Antennas/satellites

50

Maximum baseline Between 60 and 100 km

Configuration Formation flying

Spectral resolution 1 kHz

Processing bandwidth 100 kHz

Spatial resolution at

1 MHz

0.35 degrees

Snapshot integration time 1 s

Sensitivity Confusion limited

Instantaneous bandwidth To be determined

Deployment location Moon orbit, Earth-

Moon L2 or Sun-Earth

L4/5
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impact in the data transfer between the satellites. In

case of (almost) no RFI, only one bit sampling is

enough for the astronomical signals. Therefore far

locations, like L4 and L5 but also other Earth lea-

ding or tailing locations will be considered. The

drawback of far locations is of course the band-

width limitation of the downlink.

Another parameter is the stability of the orbit of the

destination. One of the requirements is the

maximum constellation diameter. This is set to 100

kilometer. That means that all the satellites must be

within this range. If a destination is unstable, this

condition can not be guaranteed without the need

for (expensive) thrusters.

 ! "#$%&' (&)&(

OLFAR is aimed to be an autonomous distributed

sensor system in space. Such an array would ide-

ally be constituted by identical elements without a

central processing system. Such an array would be

highly scalable and, due to its distributed nature, it

would be virtually insensitive to failure of a frac-

tion of its elements.

Individual absolute satellite positions as well as

relative positions between the satellites, attitude,

time, and status information, are important infor-

mation and special positioning and synchroniza-

tion techniques are required. The satellites are

considered to be all identical: no central processing

or processing units are available. The need of a

mother spacecraft will however be considered in

the project. Preliminary design studies suggest that

the required functionalities may well be imple-

mented into small satellites. A central satellite

might be needed, however, if the communication

and processing at the individual satellites can not

be fit into the small satellites which constitute the

elements of the array. In that case it is possible to

send the raw data to a central mother spacecraft for

correlation and data downlink.

The individual array elements (i.e. satellites) may

be broken down in two parts: the spacecraft bus

and the payload. The payload comprises the

antenna design, the frontend, backend and data

transport. The data transport includes both intrasa-

tellite and inter-satellite transport; it also includes

the data transport to Earth.

 !"#$%&'&(%)* +,-

Each element of the system will be an individual

satellite. This requires a lot of spacecraft to fill the

large aperture. We consider 50 elements as a target

scenario. Small satellites are considered as carrier

of the individual elements of the instrument.

The spacecraft bus will house the astronomical

instrument. The nature of the mission sets some

special requirements to the spacecraft:

• The absolute spacecraft position is needed to a

high accuracy.

• The relative position between satellites is very

important. Decimeter accuracies are needed,

even for the longer baselines in space.

• During the observations the attitude of the

antennas must be stable.

• Exact timing and synchronization is required to

be able to use the system as an interferometer.

• As small satellite systems are considered for the

telescope array, and giving the amount of pro-

cessing that is required, low power systems are

clearly needed.

 !. /0*'00% &10&'$*

The proposed frequency band of the antenna array

is 1 to 30 MHz. The power transmitted to the

receiver will depend on the antenna length. In the

design a deployable wire antenna will be consi-

dered. The efficiency drops as the antenna wire is

shortened.

The advantage of using tripoles for 3-D imaging is

that it does not suffer from gain loss in off-axis

antenna directions. Its disadvantage is that tripoles

consume three backend input channels per

antenna unit. As a result an array of dipoles will

have more antenna units and therefore offer better

aperture coverage than an array of tripoles for the

same dimensions of the backend.

 !23(10*'04

The low noise amplifier is situated directly behind

the antenna to limit signal loss and ensure a low

contribution of the analogue electronics to the

overall system noise power. Since the sky noise

temperature is orders of magnitudes larger than

the receiver noise, no classical power matching is

needed and we can tolerate a serious impedance

mismatch and still have the sky noise contribution

to the overall system temperature dominate over

the receiver noise contribution. Before the received
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and amplified signal can be sent to the backend, the

signal needs to be converted to an appropriate fre-

quency and digitized. The aim is to develop

ultra-low power receiver electronics for amplifica-

tion of the sky signals and for digitization. The goal

is to develop a LNA chip for the frequency range

from 1 to 30 MHz. This chip includes an integrated

ADC and signal processing hardware. The signal

bandwidth available for distributed processing is

relatively low: only a fraction of the bandwidth. By

digital filtering, any subband within the LNA

passband can be selected. Given the fact that the

observational frequency is low, direct sampling is

applied so there is no need for analog mixing

schemes.
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The data of the individual satellites will be distri-

buted over the available satellites (nodes) in the

array. The distributed data processing consists of

subband filtering, beamforming, RFI mitigation

techniques and correlation. After the processing

the correlated data will be transferred to Earth for

calibration and imaging. Various signal processing

techniques are used, depending also on the mission

concept. In case of a Moon orbit mission, part of the

array will be screened by the Moon and therefore

not hampered by the Earth-bound RFI. The

shielded part of the array will be used for reception

of the astronomical signals. The rest of the array is

used for data processing and the data transport to

Earth. Since array nodes will dynamically join and

leave the receiving and transmitting subarrays,

special configuration and calibration techniques

must be considered and studied.

 !*+$,$ ,-$(./0-,

The data transport consists of three elements:

• Intra-satellite wireless data transport (e.g. sen-

sors, positioning data). The function of the

intra-satellite data transport subsystem is to

transport the signals from the various sensors

(e.g. antennas, position, time) to the backend of

the satellite. Part of the communication will be

done wirelessly.

• Inter-satellite data transport (control, subband

data, correlated data). The satellites need to

transmit their captured data, position, time, and

some other meta information needed for the dis-

tributed signal processing (beamforming and

correlation) to all the satellites in the array. The

data processing is done on all the raw data of all

the satellites. The resulting, correlated and inte-

grated, data stream will have a much lower data

rate than the raw data.

• Data communication between the array and

Earth (diversity techniques for large array-Earth

distances). As the satellites ultimately will be at

large distances to the earth and may have large

inter-satellite distances, the communication

schemes should also allow for communication

diversity (clustered transmit and receive

schemes).

In addition, there are considerable reliability and

scalability advantages by distributing the control

and signal processing over the entire telescope

array.

One of the main challenges of the OLFAR system

design is the inter-satellite link. In the next section a

closer look into the inter-satellite link is given.

 ! "#$%&'()$%**+$% *+#,

The number of satellites is an important parameter

for the design of the inter-satellite communication

hardware. Because of the distributed data proces-

sing, all the data of all satellites must be send to all

other satellites in a decentralized architecture. Each

satellite will choose the relevant channel and will

correlate the data.

A baseline is defined as the relative position vector

between any two antennas in the array. It is

expected that the maximum baseline length for

OLFAR will be 100 km. This is either the diameter

of a circular or spherical arrangement, or the

maximum separation in another shape of a surfa-

ce-based array. For the inter-satellite communica-

tion this maximum number of 100 kilometer will be

taken as requirement.

With:

- Nsat = number of satellites

- B = observing bandwidth

- fs = sampling frequency

- Nbits = used number of bits

- Npol = number of polarizations

the data rates between the satellites can be calcu-

lated as follows:

R BN N f N N

R N R

sat bits pol s bits pol

tot sat sat

= =

=

2
(1)

For the current design of OLFAR the values are

Nsat = 50, B = 1 MHz, fs = 2 MHz, Nbits = 1, Npol = 2.
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This results in a data rate of 4 Mbps for each satel-

lite, adding up to a total data rate of 200 Mbps of the

total array. Note that these are the numbers for 1 bit

sampling! In case of 8 bit sampling, the numbers

will be 32 Mbps for each satellite and 1.6 Gbps for

the array.

Each satellite will send its data to all the other satel-

lites. Several techniques can be used to assure that

the appropriate data can be selected by the indivi-

dual nodes. The possible dimensions for multiple

access are time, frequency, code and space. One of

most straightforward implementations is fre-

quency division multiplexing (FDM). Each satellite

will transmit its data using (eg) PSK-modulation in

a narrow bandwidth channel. The channels are

separated by large guard bands to prevent interfe-

rence between the channels. If each channel is

transmitted simultanuously, the overall data rate

will be the sum of all the channels.

A more efficient modulation is required for high

data transmission. One of the promising techni-

ques is OFDM (Orthogonal Frequency Division

Multiplexing). OFDM had been adopted as

standard for DVB, DAB and WLAN. With OFDM,

the separation between each channel is equal to the

bandwidth of each channel, which is the minimum

distance by which the channels can be seperated.
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In this paper we propose a novel and innovative

concept for a radio astronomy at very low frequen-

cies. As the Earth's atmosphere excludes observa-

tions at these frequencies, we present OLFAR, the

orbiting low frequency antennas for radio astro-

nomy in space. To realize a large aperture, a decen-

tralized space architecture is to be developed,

which consists of multiple satellites flying in for-

mation. Each satellite receives the astronomical sig-

nals and shares these data with all the other

satellites. Data processing is done in space and the

processed data will be sent to Earth for further

off-line processing. The key communication chal-

lenge is the inter-satellite communication.

This concept holds a variety of opportunities and

challenges which require more detailed research.

This includes simulations of the satellite array at

various locations in space, virtual distributed

system and satellite architecture design, design of

radio architectures for the communication in distri-

buted arrays and distributed autonomous signal

processing.

With OLFAR we propose an autonomous sensor

system in space to explore this new frequency

band for radio astronomy. We expect this route will

lead to new science both in astronomy, space

science and engineering.
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Concerning in-vitro biological studies, it is neces-

sary that a well-characterized exposure system is

used particularly to validate and replicate key fin-

dings. Therefore, we improved and characterized

an ELF magnetic field exposure system with high

dynamic exposure range (µT-mT) and reduced stray

magnetic fields for a 50/60 Hz sinusoidal signal.

The basic design is based on a double solenoid

setup. The outer solenoid is used for the reduction

of the stray B-flux densities. The system itself is

modular to adapt to different biological experi-

ments. To be able to apply a high dynamic exposure

range a controlled air cooling system is added. The

exposure system is using a control algorithm and

associated Graphical User Interface. Temperature

is measured and controlled inside the exposure

area. The exposure characteristics along with tem-

perature variation are monitored and recorded

during the experiments. In conclusion, the ELF

exposure system is well suited to conduct a wide

range of real and sham ELF magnetic field

cell-exposure studies.
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Concern on possible health hazards due to expo-

sure to ELF-MFs has led to the development of

various exposure setups to support biological

investigations, both for in-vitro and in-vivo stu-

dies, to examine possible effects and mechanisms

of the ELF-MFs on biological systems ([1]-[8]).

However, the causality of ELF-MF exposure effects

is still an open issue. Replication of key findings by

different laboratories is also very difficult due to

incomplete characterization of the used exposure

setups. Hence, the design and characterization of

the exposure setup is, to our opinion, paramount

within any research program involved in this field.

The most widely used exposure systems for mag-

netic field generation are exposure systems with

simple geometrical shapes; systems with circular,

square and rectangular coils of two or more win-

dings with various spacing between the windings.

For an overview of the generally used exposure

systems we may refer to Gottardi et al. [1]. In recent

years, more advanced systems have been designed

allowing monitoring and recording of the exposure

characteristics throughout the whole duration of

the experiments [8].

The objective of this research was the development

and characterization of an ELF-MF exposure setup

with a high dynamic range (µT - mT) of uniform

B-flux density exposure at 50 or 60 Hz and low

stray magnetic fields, to support in-vitro biological

experiments. The system was designed to fit inside

a commercial CO2 cell culture incubator. A con-

trolled air cooling solution was developed to regu-

late and monitor temperature within the exposure

area. In our research framework an important issue

is the reproducibility of the biological experimental

results. To support this a Graphical User Interface

(GUI) for monitoring and recording the tempera-

ture and supplied electrical parameters during the

experiments has been developed.
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A. Exposure Coil Design

The exposure system (see Fig. 5) is based on an exis-

ting configuration of a double solenoid with

double windings that fits inside a commercial cell

culture incubator. The outer solenoid consists of

two concentric coils with an inverse direction with

respect to the electric current supplied to the main

solenoid. This approach is known as the active

magnetic shielding method used to reduce stray
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magnetic fields [7]. The compensation coils are

symmetrically oriented with respect to the center of

the system, consisting of equal number of win-

dings. As stated in [7], the concentric compensation

configuration has the advantage of reducing the

fields in all directions. This statement has been

observed during our analysis also. However, the

compensation coils do deteriorate the field inten-

sity in the exposure volume. To compensate for this

amplitude reduction, double windings are placed

at the edges of the inner solenoid. To clarify the pre-

vious, a vector view of the resulting B-flux density

in a vertical cut is shown in Figure 1.

For design and analysis, a simulation model

designed in SEMCAD X (Version 14.2.1, Schmid &

Partner Engineering AG, Zürich, Switzerland) of

the exposure coil has been used.

B. Cooling Sytem Design

According to biological conditions inside the expo-

sure environment the temperature should remain

with a maximum fluctuation interval. The allo-

wable fluctuation depends on the type of biological

experiments. The maximum achievable B-flux den-

sity is limited by the induced temperature-rise

above its user defined limit.

The basic ELF exposure configuration is capable to

support a natural airflow for keeping the tempera-

ture stable within its limits. However, our prelimi-

nary experiments revealed that this airflow is not

sufficiently enough to support the whole dynamic

range up to 1 mTrms. Hence an additional tempera-

ture-controlled cooling system that will not influ-

ence the actual experiments is needed. We decided

to design this cooling system based on forced

airflow [8]. Our design is presented in Figure 2

where the three mechanical parts (II, III, V) neces-

sary to appropriately distribute the air through the

system are separately indicated. A 48V DC fan (San

Ace 120L) is used to minimize the presence of the

parasitic B-flux density introduced by the coil

inside the fan motor. The maximum airflow is 180

CFM.

The cooling system is controlled by adapting the

fan rotations using Pulse Width Modulation

(PWM) and basic EMC-measures are taken into

account. The actual temperatures present at several

locations in the exposure area are measured using a

LabJack U6 Pro Data Acquisition (DAQ) system.

The temperature sensors we use are Type-K ther-

mocouples with an accuracy of 0.12°C. The thermo-

couples are placed on the Petri Dish Carrier (PDC,

see Fig. 2 part IV). This PDC consists of four plates

which could be taken out of the system. Each plate

is able to carry one Petri Dish of 88 mm diameter or

three Petri Dishes of 54 mm diameter and each

plate has its own temperature sensor that is

mounted in the middle of the plate indicated with

the dots marked T1 to T4 (see Fig. 2 part I). T3 is

used for controlling the fan where the other sensors

are used for monitoring and recording the tempe-
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rature difference within the exposure area. The fan

is mounted on the "inlet adapter" (II) where

through the "fan adapter" (III) the air is distributed

with equally spaced velocity to enable a circulating

airflow- like a vortex - through the system. In

Figure 2 the forced airflow is depicted with the red

arrows. It is noted that forced air only moves

within the inner and outer cylinder where the

heated copper wires are. At the top the heated air is

distributed through the "outlet adapter" (Fig. 2,

part V) thereby preventing the heated air to flow

into the inner cylinder area. This approach avoids

interaction with biological materials. To ensure

that the air composition (i.e. the possibility to add

CO2) in the inner cylinder area is the same as in the

rest of the incubator we created four channels (Fig.

2 part III) to support the natural airflow. This

natural airflow is depicted with the yellow arrows.

The cooling capacity of our forced air cooling con-

cept when placed in the incubator is limited since

in general an incubator is not equipped with

air-conditioning but with heating elements only.

To be able to adapt this system to different kind of

biological experiments and incubators, we created

two different cooling setups, the so called

"Intra-incubator" and "Inter-incubator" setup (See

Fig. 3).

The "Intra-incubator" cooling setup is based on a

closed air circuit which means that there is no air

drawn from outside the incubator to circulate

inside. The heated air is distributed by the cooling

system to a larger volume away from the exposure

area. This results in a delay in the warming up of

the complete system until it reaches temperature

equilibrium.

The "Inter-incubator" cooling setup mainly circu-

lates the air inside the incubator and partially

draws air from outside as depicted in Figure 3

(right picture). Through the blue pipe the much

cooler external air (DT > 12°C) - with a maximum of

5 CFM - is mixed with the heated air within the

system. In this case the amount of air that could be

drawn from outside the incubator is limited by the

diameter of the access port at the rear wall of the

incubator. The access port diameter differs per

incubator type. In order to avoid over- or under-

pressure it is important to ensure that the same

amount of heated air is blown externally via the

green pipe and equals the amount of air that is

extracted from the outer environment.

C. Graphical User Interface

The GUI shown in Figure 4 is used to set and con-

trol the fan speed (PWM) - which influences the

airflow - based on the actual temperature mea-

sured. The software has an algorithm which could

be adjusted to defined temperature thresholds. The

GUI visualizes the temperature history in a graph

and the values of the air flow (CFM), electric cur-

rent (A) and associated B-flux density (mT). There

is also the possibility to store all these values and to

be informed by e-mail when the measurement has

finished.

D. Exposure Apparatus

In Figure 5, the total exposure design as described

in chapter II A consisting of the attached "fan

adapter", the Petri Dish Carrier, a personal system

depicting the GUI and the housing of the DAQ and

control system is presented. The PDC is carrying

two Petri Dishes of 54 mm diameter filled with

saline solution.
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E. B-Flux Density

At first we simulated the whole coil setup. The

numerical model consists of separate coils. The

resulting B-flux density, is analyzed by using

SEMCAD X. By using Biot-Savart's law the total

B-flux is computed as the superposition of the

B-flux densities of the separate coils. To investigate

the uniformity of the B-flux distribution, we define

our reference point at the centre of our exposure

system. The B-flux at the center is denoted by Bo.

The Uniformity of B-flux density of the exposure

system is defined as

U
B B

B
=

−
0

0

100% [1].

The 1, 5 and 10% uniformity areas in vertical cuts

are depicted in Figure 6. The red dashed lines indi-

cate the "useful" exposure area. The term "useful" is

introduced to characterize the area that can actu-

ally be used for ELF-exposure of the biological

samples. The geometrical characteristic of the

exposure system and the size of the "useful" expo-

sure areas as computed through simulations are

listed in Table I.

The reduction of the stray magnetic fields outside

the incubator is deemed necessary to minimize EM

coupling with neighboring electronic devices and

enable closer proximity of an additional ELF expo-

sure system in the same or a second incubator.

Computing the influence of the the compensation

coil, we obtain 16 dB and 17 dB reduction of stray

B-flux densities, at 640 mm and 520 mm horizontal

and vertical distance from the solenoid center, res-

pectively. At approximately 320 mm and 260 mm

in both planes the compensation coil doesn't result

in the decrease of the stray B-flux density.

To validate the simulation results we conducted

several measurements where the B-flux density of

the ELF-MF exposure system and the homogeneity
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of the exposure volume have been determined. We

used a 3-channel Hall effect Gaussmeter (Model

460, Lake Shore Cryotronincs, Inc.) with ± 0.1%

accuracy of reading, equipped with a 3-axis tempe-

rature regulated magnetic field probe (High Sensi-

tivity Probe, MMZ-2502-UH, Lake Shore

Cryotronincs, Inc.) of 4.6 mm probe diameter and

resolution of 0.1 µT. The probe was handled by a

positioner constrcuted of foam for the mapping

and alignment of the probe. Foam has been used to

avoid the perturbation of the measured B-flux den-

sity. The measurement setup was designed to per-

form measurements every 5 mm. The 1% uniform

region as determined through simulation and mea-

surement data is compared in Figure 7. The measu-

rement results deteriorate the "useful" exposure

area by approximately 2 mm compared with simu-

lations. This discrepancy can be explained by the

uncertainty of the probe position. However, we

consider the results to be in excellent agreement.

F. Electric Fields

At ELF frequencies, non-magnetic biological sys-

tems do not perturb the magnetic field and time

varying ELF-MFs induce internal electric fields

determined by Faraday's law of induction which

for a Petri Dish of radius r and B-flux density of fre-

quency f is defined as

E frBrms rms= p [2].

The induced electric field generates a current den-

sity in the conductive medium which according to

Ohm's law is directly proportional to the electric

field strength but depends also on the conductivity

of the medium.

The exposure of biological samples in a highly uni-

form magnetic fields results in highly non-uniform

induced electric fields and current densities but

low within the medium. For 1 mTrms exposure, the

order of magnitude for the electric field is 4 mV/m

(SAR values less than 10-10 W/Kg). The magnitude

and spatial distribution of the induced electric

fields are relatively low and highly dependent on

the tissue container geometry.

G. Temperature Development

While characterizing this system we studied diffe-

rent quantities in relation to the applied B-field

from 5 µTrms up to 4 mTrms as documented in Table

II. It clearly shows that there is already a DT of 2.5°C

for 1 mTrms where 11.32 Watts have to be dissi-

pated. As for the wire (diameter = 3 mm) of the

coils it should be capable to easily support the

applied current but nevertheless resulted in an

increase of temperature. This is mainly caused by

the specific solenoid setup. The coils are partially

embedded in the PMMA cylinders. This means that

only half of the wire is exposed to the environ-

mental air and thus limited to dissipate the heat

through natural airflow which, as it turned out to
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COIL SETUPa Inner Solenoid

(mm)

Outer Solenoid

(mm)

Single Windings

(mm)

Double Windings

(mm)

Coil radius 92.5 200

Length of the

solenoid

392 392

Number of

windings

68 18

Pitch of the

windings

8 4

a: L = 0.26 mH, R = 0.15 W (wire “d” of 3mm)
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be, is not sufficient enough for the entire dynamic

range (See Table II).

As described earlier we introduced two cooling

systems which primarily differ by whether or not

external air is used to obtain heat exchange with the

outer environment. It is noted that the incubator

access port limits the amount of air, in our case

5CFM maximal. Both system setups where tested

inside an incubator and the outcome is presented in

Figure 8.

What this graph clearly shows is that both systems

regulate the temperature variation below the user

defined limit of ± 0.5°C (red dashed lines) within

the specified exposure time of 30 minutes (sample

rate is 2 s). This limit is variable and depends on the

possible biological studies determined by the

researcher. In both cases the fan worked with a

duty cycle of 100% and thus with a maximum

airflow of 180 CFM. The graph also shows that it is

not necessary for the "Inter-Incubator" setup to run

the fan constantly or with the highest speed. For

that we introduced a fan controlled algorithm. This

algorithm consists of controlling the speed of the

fan by varying the duty cycle based on the actual

temperature variation from the reference tempera-

ture (DT). The higher the DT the higher the fan

speed will be. Adapting this algorithm to the

"Inter-Incubator" setup it resulted in an average

duty cycle of approximately 80%.

To complete our research on this topic we moni-

tored the three other temperature sensors placed

on the PDC during the earlier described measure-

ments. The maximum temperature difference

between the top and bottom carrier plate tempera-

ture sensor is approximately 0.15°C.
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In this paper we designed and determined the per-

formance of a simple however advanced ELF-MF

exposure system for in-vitro studies. We concen-

trated on the size of the exposure apparatus, on the

reduction of the stray magnetic fields outside the

incubator, and on the temperature regulation for

high B-flux densities. To reduce the stray magnetic

fields a concentric compensation coil configuration

was chosen. The coils are connected in series avoi-

ding amplitude differences in the current and
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B-Field mT Current A Voltage V Power W Temperaturea
DT °Ca

~0.005 0.035 0.006 0.0002 -

~0.5 4.45 0.71 3.16 -

~1.0 8.45 1.34 11.32 ~2.5

~2.0 16.55 2.61 43.20 ~12.0

~4.0 33.34 5.30 176.70 ~34.0

a. Environmental temperature T = 23°C
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phase shift between the inner and outer coil confi-

guration. These are known difficulties at individu-

ally driven coils as described in literature [2, 8].

According to our design one system fits inside a

commercial incubator. To house two systems, for

real and a sham exposure, inside the same incu-

bator two issues should be addressed namely; (1)

the minimization of the exposure system and (2)

the use of bifilar coils. Bifilar coils are double

winded so we can ensure that real and sham expo-

sure system [1, 2, 8] have similar heat production.

When the windings are driven by currents of oppo-

site direction the net B-flux density is zero for the

sham exposure. To enable the proximity of the two

systems the limitation of stray magnetic fields in

shorter distance is an important feature. Three sys-

tems with double solenoids and different ratios of

the outer and inner solenoid radius (r) but with the

same volume (radius of outer solenoid and height

are kept constant) are compared with a single sole-

noid system. Figure 9 depicts the horizontal B-flux

distribution for four minimized exposure systems

correspondingly.

The system with inner and outer radius

Ri = 39.5 mm and Ro = 85.5 mm respectively, main-

tains the ratio (r) of the original design. Figure 9

depicts also two exposure systems in vertical cuts

separated by 140 mm. Increasing the ratio (r) of the

outer compensation solenoid radius over the inner

solenoid radius, results in higher reduction of the

stray magnetic fields. However, this leads to

smaller inner solenoid radius thus deteriorating

the "useful" exposure volume. Table III summa-

rizes the geometrical and physical characteristics of
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Single Solenoid

(mm)

Double Solenoid

r = 1.29 (mm)

Double Solenoid

r = 1.62 (mm)

Double Solenoid

r = 2.16 (mm)

Inner radius (Ri) 66 66 52.5 39.5

Outer radius (Ro) - 85.5 85.5 85.5

Overall Volume (V) 2.32d3a 2.32d3 2.92d3 3.89d3

Uniformity region 1%

(U1)

0.72d2 0.77d2 0.78d2 0.78d2

Uniformity region 5%

(U5)

1.40d2 1.38d2 1.91d2 2.20d2

V/V1 3.24d 3.01d 3.73d 4.99d

V/V5 1.66d 1.69d 1.52d 1.77d

a: "d" is inner solenoid diameter (2Ri)
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the four (4) exposure systems, following the

example of Gottardi [1].

 !"#$%&'!"&

According to simulations and experiments we con-

clude that the outer coils reduce the stray B-flux

density significantly in comparison with a single

solenoid. This prevents influencing the environ-

ment where possibly other experiments are con-

ducted. The outcome of varying the diameter of the

inner and outer cylinder and thus the diameter of

the coil introduced the possibility to create a

smaller design so a real and sham exposure system

could fit in one incubator. Depending on the biolo-

gical experiments a specific tolerance of the homo-

geneity can be chosen with a trade of for the

"useful" area. The exposure dynamic range that can

be chosen is somehow limited by the temperature

rise but with the introduction of the air cooling

solution it is possible to use this design up to 1 mT

for the "Intra-Incubator" setup. All values can be

monitored and recorded so different experiments

can be compared with accurate knowing of the cir-

cumstances.

The Petri Dish Carrier supports in many ways the

experiments, by its specific design reproducibility

for the two Petri Dishes is guaranteed. The tempe-

rature sensors are close to the samples so the tem-

perature in that area is accurately determined. The

PDC is placed on rubber blocks so heat conduction

and vibrations have negligible values. The system

is useful for a wide range of biological experiments

with the advantage that every important quantity

is recorded which makes it a well-characterized

system.
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Internet

B. Fu

30 maart 2009

Promotor: prof.dr.ir. P.F.A. Van Mieghem

Opportunistic Spectrum Access: Designing Link

and Transport Layer

P. Pawetczak

24 april 2009

Promotor: prof.dr.ir. I.G.M.M. Niemegeers

Flow-based Networking and Quality of Service

T.J. Kleiberg

7 mei 2009

Promotor: prof.dr.ir. P.F.A. Van Mieghem

Processing of Dual-Orthogonal CW Polarimetric

Radar Signals

G.P. Babur

11 mei 2009

Promotor: prof.dr.ir. L.P. Ligthart

Device Physics Aspects of CMOS Image Sensors

P. Ramachandra Rao

18 mei 2009

Promotor: prof.dr.ir. A.J.P. Theuwissen

Studies in Singular Optics and Coherence Theory

R.W. Schoonover

29 mei 2009

Promotor: prof.dr. T.D. Visser

Characterization and AIN cooling of thermally

isolated bipolar transistors

L. La Spina

30 juni 2009

Promotor: prof.dr. L.K. Nanver

Efficient Multigrid Methods Based on improved

Coarse Grid Correction Techniques

H. bin Zubair

1 september 2009

Promotor: prof.dr.ir. C.W. Oosterlee

Robustness of Large Networks

H. Wang

9 september 2009

Promotor: prof.dr.ir. P.F.A. Van Mieghem

Gesture Recognition by Computer Vision. An inte-

gral approach

J.F. Lichtenauer

13 oktober 2009

Promotor: prof.dr.ir. M.J.T. Reinders

Copromotor: dr. E.A. Hendriks

Wind Power Integration: from Individual Wind

Turbine to Wind Park as a Power Plant

Y. Zhou

14 oktober 2009

Promotor: prof.dr. J.A. Ferreira

Copromotor: dr.ir. P. Bauer

MAC Protocols for Wireless Sensor Networks and

Their Evaluation

G.P. Halkes

14 oktober 2009

Promotor: prof.dr. K.G. Langendoen

Energy Reduction Techniques for Caches and Mul-

tiprocessors

P.J. de Langen

16 oktober 2009

Promotor: prof.dr. K.G.W. Goossens

Copromotor: dr. B.H.H. Juurlink

Two-sample Kalman filter and system errors

modelling for storm surge forecasting

J.H. Sumihar

19 oktober 2009

Promotor: prof.dr.ir. A.W. Heemink

Copromotor: dr.ir. M. Verlaan

Network Resource Awareness and Prediction on

Mobile Devices

A.J.H. Peddemors

20 oktober 2009

Promotor: prof.dr.ir. I.G.M.M. Niemegeers

Models and Simulations of Carrier Transport in

Novel Nanoelectronic Devices

D. Rondoni

2 november 2009

Promotor: prof.dr. J.R. Long

Copromotor: dr. J. Hoekstra

26



Spectrum-based Fault Localization of Embedded

Software

R.F. Lima Maranhao de Abreu

4 november 2009

Promotor: prof.dr.ir. A.J.C. van Gemund

Electrical diagnostic method for partial discharges

in power transformers and power cables

P. Agoris

4 november 2009

Promotor: prof.dr. J.J. Smit

Bayesian estimation for ionospheric calibration in

radio astronomy

S. van der Tol

10 november 2009

Promotors: prof.dr.ir. A.J. van der Veen

prof.dr. H.J.A. Röttgering

Design of a High Resolution X-band Doppler Pola-

rimetric Weather Radar

J. Figueras I Ventura

16 november 2009

Promotor: prof.dr.ir. H.W.J. Russchenberg

Super Mobile TFTs for high-speed flexible electro-

nics

A. Baiano

30 november 2009

Promotor: prof.dr. C.I.M. Beenakker

Copromotor: dr. R. Ishihara

Adaptive Baseband Verwerkingstechnieken voor

Cognitieve Radio Systemen

I. Budiarjo

1 december 2009

Promotor: prof.dr.ir. L.P. Ligthart

Copromotor: dr. H. Nikookar

Content Discovery from Composite Audio: An

Unsupervised Approach

L. Lu

2 december 2009

Promotor: prof.dr.ir. R.L. Lagendijk

Copromotor: dr. A. Hanjalic

Hierachical EMC Design for Inverters in Motor

Drive Systems

D. Zhao

7 december 2009

Promotoren: prof.dr. J.A. Ferreira

prof.dr.ir. F.B.J. Leferink

Multimedia content analysis, indexing and sum-

marization: A perspective on real-life use cases

S.U. Naci

11 januari 2010

Promotor: prof.dr.ir. J. Biemond

Copromotor: dr. A. Hanjalic

Characterization of pure boron depositions inte-

grated in silicon diodes for nanometer-deep junc-

tion applications

F. Sarubbi

18 januari 2010

Promotor: prof.dr. L.K. Nanver

Free-riding Resilient Video Streaming in P2P Sys-

tems

J.J.D. Mol

27 januari 2010

Promotor: prof.dr.ir. H.J. Sips

Copromotor: dr.ir. D.H.J. Epema

Printed antenna elements with attested Ultra

Wide Band array applicability

F.M. Tanyer-Tigrek

1 februari 2010

Promotor: prof.dr.ir. L.P. Ligthart

Copromotor: dr. I.E. Lager

Error Control Coding Schemes for Ultra-Wideband

Impulse Radio Systems

M.M. Pietrzyk

12 februari 2010

Promotor: prof.dr.ir. I.G.M.M. Niemegeers

Copromotor: dr.ir. J.H. Weber

Dominant object detection for autonomous visi-

on-based surveillance

H. Celik

15 februari 2010

Promotor: prof.dr.ir. J. Biemond

Copromotor: dr. A. Hanjalic

Waardevol waarnemen

W.L. Norden

16 februari 2010

Promotor: prof.dr. C.M. Jonker
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Electronics on Flexible and Stretchable Silicon

Arrays

T. Zoumpoulidis

23 februari 2010

Promotors: prof.dr.ir. R. Dekker

prof.dr. J.N. Burghartz

Copromotor: dr. M. Bartek

Wireless Communication over Dispersive Chan-

nels

K. Fang

1 maart 2010

Promotor: prof.dr.ir. A.J. van der Veen

Copromotor: dr.ir. G.J.T. Leus

Fish-Eye Observing with Phased Array Radio

Telescopes

S.J. Wijnholds

2 maart 2010

Promotor: prof.dr.ir. A.J. van der Veen

Highly Efficient and Highly Linear RF Power

Amplifiers

W.C.E. Neo

8 maart 2010

Promotor: prof.dr. J.N. Burghartz

Copromotor: dr.ing. L.C.N. de Vreede

Ultra Linear Low-Loss Varactors & Circuits for

Adaptive RF Systems

C. Huang

8 maart 2010

Promotor: prof.dr. J.N. Burghartz

Copromotor: dr.ing. L.C.N. de Vreede

Improving breast cancer outcome prediction by

combining multiple data sources

M.H. van Vliet

6 april 2010

Promotor: prof.dr.ir. M.J.T. Reinders

Copromotor: dr. L.F.A. Wessels

Low-voltage, Low-power Feedfor-

ward-compensated Active Mixers with Improved

Linearity

S.T. Lim

27 april 2010

Promotor: prof.dr. J.R. Long

Networking Technologies for Future Home Net-

works Using 60 GHz Radio

J. Wang

17 mei 2010

Promotor: prof.dr.ir. I.G.M.M. Niemegeers

High-Performance Processing in Networked and

Grid Environments

M. Ahmadi

18 mei 2010

Promotor: prof.dr. C.I.M. Beenakker

Application-Oriented Scheduling in Multicluster

Grids

O.O. Sonmez

7 juni 2010

Promotor: prof.dr.ir. H.J. Sips

dr.ir. D.H.J. Epema

Medium Access Control and Network Layer

Design for 60 GHz Wireless Personal Area Net-

works

X. An

9 juni 2010

Promotor: prof.dr.ir. I.G.M.M. Niemegeers

A Low-Cost Universal Integrated Interface for

Capacitive Sensors

A. Heidari

11 juni 2010

Promotor: prof.dr.ir. G.C.M. Meijer

The Feasibility of Schottky Electron Emitter

Arrays

A.K. Dokania

18 juni 2010

Promotor: prof.dr.ir. P. Kruit

Secure Signal Processing: Privacy Preserving

Cryptographic Protocols for Multimedia

Z. Erkin

24 juni 2010

Promotor: prof.dr.ir. R.L. Lagendijk

Accurate Electromagnetic Modeling Methods for

Integrated Circuits

Z. Sheng

29 juni 2010

Promotor: prof.dr.ir. P.M. Dewilde

Copromotor: dr. R.F. Remis

28



Distributed Video Coding (DVC): Motion estima-

tion and DCT quantization in low complexity

video compression

S. Borchert

30 juni 2010

Promotor: prof.dr.ir. R.L. Lagendijk

Hydrogenated Amorphous Silicon Solar Cells

Deposited from Silane Diluted with Hydrogen

G. van Elzakker

6 juli 2010

Promotor: prof.dr. M. Zeman

Advanced Breakdown Modeling for Solid-State

Circuit Design

V. Milovanovic

7 juli 2010

Promotor: prof.dr. L.K. Nanver

Copromotor: dr.ir. R. van der Toorn

Improving the Scalability of Multicore Systems -

With a Focus on H.264 Video Decoding

C.H. Meenderinck

9 juli 2010

Promotors: prof.dr. B.H.H. Juurlink

prof.dr. K.G.W. Goossens

Silicon MEMS for Detections of Liquid and Solid

Fronts

J. Wei

13 juli 2010

Promotor: prof.dr. P.M. Sarro
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Accelerometry based detection of epileptic seizures

T.M.E. Nijsen

11 september 2008

Promotors: prof.dr. R.M. Aarts

prof.dr. P.A.J.M. Boon

Copromotor: dr.ir. P.J.M. Cluitmans

Model Reduction of a Lean NOx Trap Catalyst

Model

K.M. Nauta

15 september 2008

Promotors: prof.dr.ir. A.C.P.M. Backx

prof.dr.ir. J.C. Schouten

Copromotor: dr. S. Weiland

Polarization based Integration Scheme (POLIS)

U. Khalique

13 oktober 2008

Promotor: prof.dr.ir. M.K. Smit

Copromotors: dr. J.J.G.M van der Tol

dr. Y.S Oei

An Accurate Analysis for Guaranteed Performance

of Multiprocessor Streaming Applications

P. Poplavko

3 november 2008

Promotor: prof.dr.ir. R.H.J.M. Otten

Copromotor: dr.ir. T. Basten

Towards Low-Cost Gigabit Wireless Systems at

60 GHz - Channel Modelling and Baseband Design

H. Yang

18 november 2008

Promotor: prof.dr.ir. E.R. Fledderus

Copromotors: dr.ir. P.F.M. Smulders

dr.ir. M.H.A.J. Herben

System Characterization and Reception - Techni-

ques for Two-Dimensional Optical Storage

S.J.M.L. van Beneden

19 november 2008

Promotor: prof.dr.ir. J.W.M. Bergmans

Copromotor: dr. W.M.J. Coene

Contributions to Adaptive Equalization and

Timing Recovery For Optical Storage Systems

J. Riani

19 november 2008

Promotor: prof.dr.ir. J.W.M. Bergmans

Copromotor: dr. W.M.J. Coene

Space-mapping optimization applied to the design

of a novel electromagnetic actuator for active sus-

pension

L. Encic?

26 november 2008

Promotors: prof.dr.ir. J.H. Blom

prof.dr. P.W. Hemker

Copromotor: dr. E.A. Lomonova MSc

Angular Dispersion of Radio Waves in Mobile

Channels - Measurement based Analysis and

Modelling

M.R.J.A.E. Kwakkernaat

10 december 2008

Promotors: prof.dr.ir. E.R. Fledderus

prof.Dr.-Ing. T. Kürner

Copromotor: dr.ir. M.H.A.J. Herben
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Monitoring-Aware Network-on-Chip Design

C. Ciordas

15 december 2008

Promotor: prof.dr. H. Corporaal

Copromotor: dr.ir. A.A. Basten

Multi-Level Contactless Motion System

J. de Boeij

29 januari 2009

Promotors: prof.dr.ir. P.P.J. van den Bosch

prof.dr.ir. J.H. Blom

Copromotor: dr. E.A. Lomonova MSc

Agile Wireless Transmission Strategies

C.K. Ho

3 maart 2009

Promotor: prof.dr.ir. J.P.M.G. Linnartz

Copromotor: dr.ir. F.M.J. Willems

Planar Beam-forming Antenna Array for 60-GHz

Broadband Communication

J.A.G. Akkermans

16 maart 2009

Promotors: prof.dr.ir. E.R. Fledderus

prof.Dr.-Ing. T. Kürner

Copromotor: dr.ir. M.H.A.J. Herben

Acquisition, Compression and Rendering of Depth

and Texture for Multi-View Video

Y. Morvan

9 april 2009

Promotor: prof.dr.ir. P.H.N. de With

Copromotor: dr.Dipl.-Inf. D.S. Farin

Analysis, Design and Management of Multimedia

Multiprocessor Systems

A. Kumar

28 april 2009

Promotor: prof.dr. H. Corporaal

Copromotors: dr.ir. B. Mesman

dr. Y. Ha

Optical fibres - Analysis, numerical modelling and

optimisation

R.W. Smink

20 mei 2009

Promotors: prof.dr. A.G. Tijhuis

prof.dr. H.J.S. Dorren

Copromotor: dr.ir. B.P. de Hon

Secret-Key Rates and Privacy Leakage in Biome-

tric Systems

T. Ignatenko

2 juni 2009

Promotor: prof.dr.ir. J.W.M. Bergmans

Copromotor: dr.ir. F.M.J. Willems

Flicker Interaction Studies and Flickermeter

Improvement

R. Cai 4 juni 2009

Promotors: prof.dr.ir. J.H. Blom

prof.ir. W.L. Kling

Copromotors: dr.ir. J.M.A. Myrzik

InP-based Membrane Photodetectors on Si Pho-

tonic Circuitry

P.R.A. Binetti

9 juni 2009

Promotor: prof.dr.ir. M.K. Smit

Copromotor: dr. X.J.M. Leijtens

Predictable Embedded Multiprocessor Architec-

ture for Streaming Applications

A.J.M. Moonen

15 juni 2009

Promotors: prof.dr.ir. R.H.J.M. Otten

prof.dr. H. Corporaal

A Composable and Predictable On-Chip Intercon-

nect

A. Hansson

17 juni 2009

Promotors: prof.dr. H. Corporaal

prof.dr. K.G.W. Goossens

Monolithic Integrated Reflective Transceiver in

Indium Phosphide

L. Xu

18 juni 2009

Promotor: prof.dr.ir. M.K. Smit

Copromotor: dr. X.J.M. Leijtens

Congestion Analysis and Management

H.J.L. Westra

24 augustus 2009

Promotors: prof.dr.ir. P Groeneveld

prof.dr.ir. R.H.J.M. Otten

30



Symmetry and Efficiency in Complex FIR Filters

A.A.M.L. Bruekers

23 september 2009

Promotors: prof.dr. R.J. Sluijter

prof.dr. Y.C. Lim

Copromotors: dr.ir. A.W.M. van den Enden

On the Road towards Robust and Ultra Low

Energy CMOS Digital Circuits Using Sub/Near

Threshold Power Supply

Y. Pu

23 september 2009

Promotors: prof.dr. J. Pineda de Gyvez

prof.dr. H. Corporaal

Copromotor: prof.dr. Y. Ha

Intelligent Distribution Network Design

F. Provoost

28 september 2009

Promotor: prof.ir. W.L. Kling

Copromotor: dr.ir. J.M.A. Myrzik

Deeply-etched DBR mirrors for photonic inte-

grated circuits and tunable lasers

B. Docter

1 oktober 2009

Promotor: prof.dr.ir. M.K. Smit

Copromotors: dr. F. Karouta

dr. J. J. G. M. van der Tol

Configuring Heterogeneous Wireless Sensor Net-

works under Quality-of-Service Constraints

R.J.H. Hoes

5 oktober 2009

Promotors: prof.dr.ir. T. Basten

prof.dr. H. Corporaal

Copromotor: dr. C.K. Tham

Approximate antenna analysis for CAD

H.J. Visser

8 oktober 2009

Promotors: prof.dr.ir. A.G. Tijhuis

prof.dr.ir. G.A.E. Vandenbosch

Computation of stochastic observables in electro-

magnetic interaction theory - Applications to elec-

tromagnetic compatibility

O.O. Sy

20 oktober 2009

Promotor: prof.dr.ir. A.G. Tijhuis

Copromotors: dr.ir. M.C. van Beurden

ir. B.L. Michielsen

Dynamically Reconfigurable Optical Access Net-

work

P.J. Urban

16 november 2009

Promotor: prof.ir. A.M.J. Koonen

Copromotors: dr.ir. H. de Waardt

dr. G.N. van den Hoven

Low-Complexity Frequency Synchronization for

Wireless OFDM Systems

W. Yan 23 november 2009

Promotors: prof.dr.ir. J.W.M. Bergmans

prof.dr. C.C. Ko

Copromotor: dr. S. Attallah

High-Efficiency Linear RF Power Amplification -

A Class-E Based EER Study Case

D. Miloševi

2 december 2009

Promotor: prof.dr.ir. A.H.M. van Roermund

Copromotor: dr.ir. J.D. van der Tang

Discrete Multitone Modulation for Short-Range

Optical Communications

S.C.J. Lee

10 december 2009

Promotor: prof.ir. A.M.J. Koonen

Copromotor: Dr.-Ing. S. Randel

dr.ir. E. Tangdiongga

Design-Time Performance Analysis of Compo-

nent-Based Real-Time Systems

Y. Bondarau

22 december 2009

Promotors: prof.dr.ir. P.H.N. de With

prof.dr. J.J. Lukkien

Copromotor: dr. M.R.V. Chaudron

Flexible and self-calibrating current-steering digi-

tal-to-analog converters: analysis, classification

and design

G.I. Radulov

14 januari 2010

Promotor: prof.dr.ir. A.H.M. van Roermund

Copromotors: dr.ir.J.A. Hegt

dr. P.J. Quinn MSc
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Transceiver Architectures and Sub-mW Fast Fre-

quency-Hopping Synthesizers for Ultra-low

Power WSNs

E. Lopelli

20 januari 2010

Promotor: prof.dr.ir. A.H.M. van Roermund

Copromotor: dr.ir. J.D. van der Tang

Flexible Phase-Locked Loops and Millimeter Wave

PLL Components for 60-GHz Wireless Networks

in CMOS

H.M. Cheema

25 januari 2010

Promotor: prof.dr.ir. A.H.M. van Roermund

Copromotor: dr.ir. R. Mahmoudi

Concepts for Smart AD and DA Converters

P.J.A. Harpe

27 januari 2010

Promotor: prof.dr.ir A.H.M. van Roermund

Copromotor: dr.ir. J.A. Hegt

Identification of Low Order Models for Large Scale

Processes

S.K. Wattamwar

8 februari 2010

Promotor: prof.dr.ir. A.C.P.M. Backx

Copromotor: dr. S. Weiland

Video Enhancement: Content Classification and

Model Selection

H. Hu

9 februari 2010

Promotors: prof.dr.ir. G. de Haan

prof.dr.ir. R.H.J.M. Otten

Design and Debugging of Multi-step Analog to

Digital Convertors

A. Zjajo

22 februari 2010

Promotor: prof.dr. J. Pineda de Gyvez

Predictable and Composable System-on-Chip

Memory Controllers

B. Åkesson
24 februari 2010
Promotors: prof.dr. K.G.W. Goossens

prof.dr. H. Corporaal

Integration of Online Partial Discharge Monito-

ring and Defect Location in Medium-Voltage Cable

Networks

P. Wagenaars
4 maart 2010
Promotor: prof.dr.ir. E.F. Steennis
Copromotor: dr. P.A.A.F. Wouters

Design of a Variable-Phase Contactless Energy

Transfer Platform using Air-Cored Planar

Inductor Technology

C.L.W. Sonntag
15 maart 2010
Promotor: prof.dr.ir. J.H. Blom
Copromotors: dr.ing. A.J.M. Pemen

dr. J.L. Duarte

Adaptive RF front-ends: providing resilience to

changing environments

A. van Bezooijen
8 april 2010
Promotor: prof.dr.ir. A.H.M. van Roermund
Copromotor: dr.ir. R. Mahmoudi

Signal Processing for LED Lighting Systems - Illu-

mination Rendering and Sensing

H. Yang
12 april 2010
Promotors: prof.dr.ir. J.W.M. Bergmans

prof.dr.ir. J.P.M.G. Linnartz
Copromotor: dr.ir. T.C.W. Schenk

Characterization of uterine activity by electrohys-

terography

C. Rabotti
26 april 2010
Promotors: prof.dr.ir. J.W.M. Bergmans

prof.dr. S.G. Oei
Copromotor: dr.ir. M. Mischi

Controlling a Contactless Planar Actuator with

Manipulator

M. Gajdušek
11 mei 2010
Promotors: prof.dr.ir. P.P.J. van den Bosch

prof.dr. E.A. Lomonova MSc
Copromotor: dr.ir. A.A.H. Damen

32



Flexible distribution systems through the applica-

tion of multi back-to-back converters: Concept,

implementation and experimental verification

R.A.A. de Graaff

26 mei 2010

Promotor: prof.ir. W.L. Kling

Copromotor: dr. J.L. Duarte

Analysis of Large Antenna Systems

R. Maaskant

7 juni 2010

Promotors: prof.dr. A.G. Tijhuis

prof.dr. R. Mittra

Copromotor: ir. W.A. van Cappellen

Power Transformer Reliability Modelling

A. van Schijndel

24 juni 2010

Promotors: prof.dr.ir. J.M. Wetzer

prof.dr.ir. E.F. Steennis

Copromotor: dr. P.A.A.F. Wouters

Robust sigma delta converters and their applica-

tion in low-power highly-digitized flexible recei-

vers

R.H.M. van Veldhoven

28 juni 2010

Promotor: prof.dr.ir. A.H.M. van Roermund
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Testing reactive systems with dataenumerative

methods and constraint solving

J.R. Calamé

4 september 2008

Promotors: prof.dr. J.C. van de Pol

prof.dr. W.J. Fokkink

Coding and modulation for power and bandwidth

efficient communication

H.S. Cronie

11 september 2008

Promotor: prof.dr.ir.C.H.Slump

Electro-optic modulation using a polymeric mirco-

ring resonator with highly photostable chromop-

hores

M. Balakrishnan

19 september 2008

Promotor: prof. dr. A. Driessen

Distributed and self-organizing data management

strategies for wireless sensor networks. A

cross-layered approach

S. Chatterjea

26 september 2008

Promotor: prof.dr.ir. G.J.M. Smit

Copromotor: dr. P.J.M. Havinga

Coriolis mass flow rate meters for low flows

A. Mehendale

2 oktober 2008

Promotor: prof.dr.ir P.P.L. Regtien

Graph-based software specification and verifica-

tion

H. Kastenberg

3 oktober 2008

Promotor: prof.dr. H. Brinksma

Copromotor: prof.dr.ir. M. Aksit

An integrated three dimensional sound intensity

probe

D.R. Yntema

3 oktober 2008

Promotors: prof.dr. M.C. Elwenspoek

prof.dr.ir W.F. Druyvesteyn

Copromotor: dr.ir. R.J. Wiegerink

Annotations and subjective machines. Of annota-

tors, embodied agents, users, and other humans

D. Reidsma

9 oktober 2008

Promotor: prof.dr.ir. A. Nijholt

Copromotor: dr.ir. H.J.A. op den Akker

Toward affective dialogue management using par-

tially observable markov decision processes

T.H. Bui

9 oktober 2008

Promotor: prof.dr.ir. A. Nijholt

Copromotor: dr. J. Zwiers

Cryptographic keys from noisy data theory and

applications

I.R. Buhan

23 oktober 2008

Promotor: prof.dr. P.H. Hartel

Copromotor: dr.ir. R.N.J. Veldhuis
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Quality of service. Modeling and analysis for car-

rier Ethernet

R. Malhotra

31 oktober 2008

Promotors: prof.dr. J.L. van den Berg

prof.dr. M.R.H. Mandjes

Explosive micro-bubble actuator

D.M. van den Broek

31 oktober 2008

Promotor: prof.dr. M.C. Elwenspoek

Wireless sensor networks in motion clustering

algorithms for service discovery and provisioning

R.S. Marin-Perianu

6 november 2008

Promotor: prof.dr. P.H. Hartel

Collaborative wireless sensor networks in indus-

trial and business processes

M. Marin-Perianu

6 november 2008

Promotor: prof.dr.ir. G.J.M. Smit

Copromotor: dr. P.J.M. Havinga

Degradation of RF mems capacitive switches

R.W. Herfst

12 november 2008

Promotor: prof.dr. J. Schmitz

Model-based application development for massi-

vely parallel embedded systems

J.W.M. Jacobs

20 november 2008

Promotor: prof.dr.ir. G.J.M. Smit

Copromotor: dr.ir. J. Kuper

Segmentation, diarization and speech transcrip-

tion: surprise data unraveled

M.A.H. Huijbregts

21 november 2008

Promotor: prof.dr. F.M.G. de Jong

Copromotor: dr. R.J.F. Ordelman

Statistical analysis of dependencies within insu-

rance portfolios

V. Lukocius

27 november 2008

Promotor: prof.dr. W. Albers

Copromotor: dr. W.C.M. Kallenberg

Grip-pattern recognition: Applied to a smart gun

X. Shang

19 december 2008

Promotor: prof.dr.ir. C.H. Slump

Copromotor: dr.ir. R.N.J. Veldhuis

Exploration within the Network-on-Chip Para-

digm

P.T. Wolkotte

15 januari 2009

Promotor: prof. dr. ir. G.J.M. Smit

Live learning neuronal networks: plasticity of

bursts

J. Stegenga

16 januari 2009

Promotors: prof.dr.ir. W.L.C. Rutten

prof.dr. E. Marani

Online scheduling & project scheduling

J.J. Paulus

22 januari 2009

Promotor: prof.dr. M.J. Uetz

Copromotor: dr. J.L. Hurink

Architecting fault-tolerant software systems

H. Sözer

29 januari 2009

Promotor: prof.dr.ir. M. Aksit

Copromotor: dr.ir. B. Tekinerd?gan

Neurophysiological observation of the nociceptive

system using electrocutaneous stimulation

E.M. van der Heide

6 februari 2009

Promotors: prof.dr. W.L.C. Rutten

prof.dr. E. Marani

Copromotor: dr.ir. J.R. Buitenweg

Face verification for mobile personal devices

Q. Tao

6 februari 2009

Promotor: prof.dr.ir. C.H. Slump

Copromotor: dr.ir. R.N.J. Veldhuis

Cognitive radio on a feconfigurable mpsoc plat-

form

Q. Zhang

26 februari 2009

Promotor: prof.dr.ir. C.H. Slump

Copromotor: dr.ir. R.N.J. Veldhuis
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Multi-channel wireless sensor networks: proto-

cols, design an evaluation

O. Durmaz-Incel

20 maart 2009

Promotor: prof.dr. S.J. Mullender

Copromotor: ir. P.G. Jansen

AC Electro-osmosis in nanochannels

W. Sparreboom

2 april 2009

Promotor: prof.dr.ir. A. van den Berg

Copromotor: dr. J.C.T. Eijkel

Discriminative vision-based recovery and recogni-

tion of human motion

R.W. Poppe

2 april 2009

Promotor: prof.dr.ir. A. Nijholt

Copromotor: dr. M. Poel

A security architecture for personal networks

A. Jehangir

9 april 2009

Promotors: prof.dr.ir. B.R.H.M. Haverkort

prof.dr.ir. S. Heemstra de Groot

Stochastic analysis of web page ranking

Y. Volkovich

24 april 2009

Promotor: prof.dr. R.J. Boucherie

Copromotor: dr. N. Litvak

Automated radiographic assessment of hands in

rheumatoid arthritis

J.A. Kauffman

7 mei 2009

Promotor: prof.dr.ir. C.H. Slump

Copromotor: dr. H.J. Bernelot Moens

Two-phase flow in micro and nano-channels

L. Shui

14 mei 2009

Promotor: prof.ir.ir. A. van den Berg

Copromotor: dr. J. C. T. Eijkel

Queueing analysis for mobile ad hoc networks

R. de Haan

4 juni 2009

Promotor: prof.dr. R.J. Boucherie

Copromotor: dr. J.C.W. van Ommeren

On the design of software composition mecha-

nisms and the analysis of composition conflicts

W.K. Havinga

10 juni 2009

Promotor: prof.dr.ir. M. Aksit

opromotor: dr.ir. L.M.J. Bergmans

MEMS-Based storage devices Integration in ener-

gy-constrained mobile systems

M.G. Khatib

11 juni 2009

Promotor: prof.dr. P. H. Hartel

Copromotor: dr.ir. L. Abelmann

Low-Drift micro flow sensors

M. Dijkstra

12 juni 2009

Promotor: prof.dr. M.C. Elwenspoek

Copromotor: dr.ir. R.J. Wiegerink

Radiation Imaging Detectors made by wafer post

processing of CMOS chips

V.M. Blanco Carballo

17 juni 2009

Promotor: prof.dr. J. Schmitz

Copromotor: dr.ir. C. Salm

Aperiodic multiprocessor scheduling for real-time

stream processing applications

M.H. Wiggers

19 juni 2009

Promotor: prof.dr.ir. G.J.M. Smit

Copromotor: dr.ir. M.J.G. Bekooij

Search for expertise: going beyond direct evidence

P. Serdyukov

24 juni 2009

Promotor: prof.dr. P. M. G. Apers

Copromotor: dr.ir. D. Hiemstra

Revisiting anomaly-based network intrusion

detection systems

D. Bolzoni

25 juni 2009

Promotors: prof.dr. S. Etalle

prof.dr. P.H. Hartel

Ambulatory assessment of human body kinema-

tics and kinetics

H.M. Schepers

25 juni 2009

Promotor: prof.dr.ir. P.H. Veltink
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Tulip reshaping trust management

M.R. Czenko

26 juni 2009

Promotors: prof.dr. S. Etalle

prof.dr. P.H. Hartel

Design and realization of an efficient content

based music playlist generation system

J.W. Balkema

27 augustus 2009

Promotors: prof.dr.ir. C.H. Slump

prof.dr.-ing K. Brandenburg

High dynamic range analog photonic links: design

and implementation

D.A.I. Marpaung

27 augustus 2009

Promotor: prof.dr.ir.W. van Etten

Copromotor: dr.ir. C.G.H. Roeloffzen

How does real affect affect affect recognition in

speech?

K.P. Truong

27 augustus 2009

Promotors: prof.dr. F. M. G. de Jong

prof.dr.ir. D. A. van Leeuwen

Spectroscopic quantum imaging using pixel-level

adcs in semiconductor-based hybrid pixel detec-

tors

D. San Segundo Bello

10 september 2009

Promotor: prof.dr.ir. B. Nauta

AI
2
O

3
:ER

3+
as a gain platform for integrated optics

J. Bradley

17 september 2009

Promotor: prof.dr. M. Pollnau

Functional electrical stimulation of the triceps

surae during gait

C.C. Monaghan

8 oktober 2009

Promotoren: prof.dr.ir. P.H. Veltink

prof.dr.ir. H.J. Hermens

Rehabilitation robotics. Stimulating restoration

of arm function after stroke

G.B. Prange

15 oktober 2009

Promotoren: prof.dr.ir. H.J. Hermens

prof.dr. M.J. IJzerman

Cold gas micro propulsion

M.C. Louwerse

30 oktober 2009

Promotor: prof.dr. M.C. Elwenspoek

Copromotor: dr.ir. H.V. Jansen

Electrokinetic transport of DNA in nanoslits

G.B. Salieb - Beugelaar

30 oktober 2009

Promotor: prof.dr.ir. A. van den Berg

Prognostic factors and underlying mechanisms in

chronic low back pain

M. Vos-van der Hulst

6 november 2009

Promotoren: prof.dr. M.M.R. Vollenbroek-

Hutten

prof.dr.ir. H.J. Hermens

Frequency translation techniques for interferen-

ce-robust software-defined radio receivers

Z. Ru

12 november 2009

Promotor: prof.dr.ir. B. Nauta

A rapid prototyping system for broadband mul-

tichannel active noise and vibration control

J.M. Wesselink

26 november 2009

Promotor: prof.dr.ir. C.H. Slump

Silicide-to silicon specific contact resistance cha-

racterization

N. Stavitski

3 december 2009

Promotor: prof.dr.ir. R.A.M. Wolters

Copromotor: dr. A.Y. Kovalgin

Thin film barium strontium titanate capacitors for

tunable RF front-end applications

M.P.J. Tiggelman

3 december 2009

Promotor: prof.dr. J. Schmitz

Copromotor: dr.ir. R.J.E. Hueting

Time-interleaved Analog-to-Digital Converters

S.M. Louwsma

9 december 2009

Promotoren: prof.ir. A.J.M. van Tuijl

prof.dr.ir. B. Nauta
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A micromachined solid-asid fuel cell

S. Unnikrishnan

10 december 2009

Promotor: prof.dr. M.C.Elwenspoek

Copromotor: dr.ir. H.V. Jansen

Electronic devices fabricated at CMOS back-

end-compatible temperatures

I. Brunets

17 december 2009

Promotor: prof.dr. J. Schmitz

Copromotor: dr.ir. J. Holleman

Situational awareness of co-located teams in mul-

tidisplay environments

O. Kulyk

14 januari 2010

Promotor: prof.dr.ir. A. Nijholt

Work flows in life science

I. Wassink

14 januari 2010

Promotor: prof.dr.ir. A. Nijholt

Model checking nondeterministic and randomly

timed systems

M.R. Neuhäußer

22 januari 2010

Promotor: prof.dr.ir. J.P. Katoen

Predicting the effectiveness of queries and retrieval

systems

C. Hauff

29 januari 2010

Promotor: prof.dr. F.M.G. de Jong

Analysis and design of post-wall waveguides for

application in SIW

T.J. Coenen

29 januari 2010

Promotor: prof. J.L. Tauritz

Discontiunuous Galerkin finite element methods

for (non)conservative partial differential equa-

tions

S. Rhebergen

5 februari 2010

Promotor: prof.dr.ir. J.J.W. van der Vegt

Assessment of a two-channel implantable pero-

neal nerve stimulator post-stroke

A.I.R. Kottink-Hutten

12 februari 2010

Promotor: prof.dr.ir. H.J. Hermens

High-order finite element approximation of the

Maxwell equations

D. Sármány

12 februari 2010

Promotor: prof.dr.ir. J.J.W. van der Vegt

Self management of hybrid optical and packet

switching networks

T. Fioreze

17 februari 2010

Promotor: prof.dr.ir. B.R.M.H. Haverkort

Electron transport and spin phenomena in hybrid

organic/inorganic systems

W.J.M. Naber

26 februari 2010

Promotor: prof.dr.ir. D.N. Reinhoudt

Gesture Interaction at a distance

F.W. Fikkert

11 maart 2010

Promotor: prof.dr.ir. A. Nijholt

Dimensionality reduction in computational pho-

tonics

O.V. Ivanova

25 maart 2010

Promotor: prof.dr.ir. E.W.C. van Groesen

A space-time discontinuous galerkin finite element

method for two-fluid flows

W.E.H. Sollie

16 april 2010

Promotor: prof.dr.ir. J.J.W. van der Vegt

On run-time exploitation of concurrency

P.K.F. Hölzenspies

23 april 2010

Promotor: prof.dr.ir. G.J.M. Smit

Neodymium-doped waveguide amplifiers and

lasers for integrated optical applications

Y. Yang

23 april 2010

Promotor: prof.dr. M. Pollnau
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Whose story is it anyway? How improve informs

agency and authorship of emergent narrative

I.M.T. Swartjes

19 mei 2010

Promotor: prof.dr.ir. A. Nijholt

A novel technique for the analysis of spin polariza-

tion on magnetic surfaces and spintronic devices

I.J. Vera Marun

20 mei 2010

Promotor: prof.dr. P.J. Kelly

Energy efficient error-correcting coding for wire-

less systems

X. Shao

20 mei 2010

Promotor: prof.dr.ir. C.H. Slump

Variational boussinesq modeling of surface gra-

vity waves over bathymetry

G. Klopman

27 mei 2010

Promotor: prof.dr.ir. E.W.C. van Groesen

High-resolution stamp fabrication by edge lithog-

raphy

Y. Zhao

27 mei 2010

Promotor: prof.dr. M.C. Elwenspoek

Task distribution based adaption in mobile

patient monitoring systems

H. Mei

2 juni 2010

Promotor: prof.dr.ir. H.J. Hermens

Graph-based specification and verification for

aspect-oriented languages

T. Staijen

3 juni 2010

Promotor: prof.dr.ir. M. Aksit

Privacy-aware data management by means of

data degradation making private data less sensi-

tive over time

H.J.W. van Heerde

4 juni 2010

Promotor: prof.dr. P.M.G. Apers

Low jitter low power phase locked loops using

sub-sampling phase detection

X. Gao

9 juni 2010

Promotor: prof.dr.ir. B. Nauta

Compositional modelling using petri nets with the

analysis power of stochastic hyrbid processes

M.H.C. Everdij

11 juni 2010

Promotor: prof.dr. A. Bagchi

Image reconstruction in a passive element enriched

photo acoustic tomography setup

G.H. Willemink

16 juni 2010

Promotor: prof.dr.ir. C.H. Slump

Managing dependency relations in

inter-organizational models

L. Bodenstaff

17 juni 2010

Promotor: prof.dr. R.J. Wieringa

Observing the unobservable, distributed online

outlier detection in wireless sensor networks

Y. Zhang

23 juni 2010

Promotor: prof.dr. P.J.M. Havinga

Regulation of invitro cell-cell and cell-substrate

adhesion

R.W.F. Wiertz

24 juni 2010

Promotor: prof.dr. W.L.C. Rutten

Concise and flexibele programming wireless sensor

networks

24 juni 2010

L. Evers

Promotor: prof.dr. P.J.M. Havinga

Modeling representation uncertainty in con-

cept-based multimedia retrieval

2 juli 2010

R. Aly

Promotor: prof.dr. P.M.G. Apers

Compact wideband CMOS receiver frontends for

wireless communication

S.C. Blaakmeer

9 juli 2010

Promotor: prof.dr.ir. B. Nauta
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Multi-color fluorescent DNA analysis in an inte-

grated optofluidic lab on chip

C. Dongre

25 augustus 2010

Promotor: prof.dr. M. Pollnau
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PAO-cursusaanbod 2012

Voor informatie over onderstaande cursussen kunt

u contact opnemen met PAO Techniek, tel.: (015)

2788350, e-mail: info@paotechniek.nl.

 !"#$%&'(($)$"$%*$ + ,- '. -($&#%'/!)0$#*&

1$2*&$"

8 colleges van elk 4 x 3 kwartier 6 februari t/m 5

april 2012; Eindhoven

 !"#$%&'(($)$"$%*$ + 3'')"4!00*0) 55

8 colleges van 2 x 3 kwartier; februari t/m april

2012; Delft

6%'07"(!)$0 2!0 7$ )!"*0.%!"#%8&#88%

2-daagse cursus; 29 en 30 maart 2012; Apeldoorn

 !"#$%&'(($)$"$%*$ + 3'')"4!00*0) 555

7 colleges van 2 uur; april t/m juni 2012 (exacte

data en tijden volgen zodra het collegerooster

bekend is) ; Delft

 !"#$%&'(($)$"$%*$ + 2$%/')$0"$($9#%'0*&!:

!72!0&$7 #'4*&"

8 colleges van afwisselend 4 en 2 uur; april t/m juni

2012 (exacte data en tijden volgen zodra het colle-

gerooster bekend is); Eindhoven

;'<$% =8!(*#>

3-daagse cursus; voorjaar 2012; Eindhoven

?3$'%*$ $0 #'$4!""*0)$0 2!0 7*)*#!($

/'78(!#*$ $0 7$/'78(!#*$

5-daagse cursus; voorjaar 2012; Delft

1$&$0#%!($ $0$%)*$2''%@*$0*0)

2-daagse cursus; voorjaar 2012; Eindhoven

 !"#$%&'(($)$"$%*$ + /*0*+2$%/')$0"+

$($9#%'0*&!

8 colleges van ieder 4x drie kwartier. Exacte data en

tijden volgen zodra het rooster van de TUe

2012/2013 bekend is. 8 x 1 ochtend/middag per

week in september en oktober 2012; Eindhoven

 !"#$%&'(($)$"$%*$ + !72!0&$7 !&#8!#'%

">"#$/"

8 colleges van elk 4 x 3 kwartier; Exacte data en

tijden volgen zodra het rooster van de TUe

2012/2013 bekend is 8x een ochtend/middag per

week in september en oktober 2012; Eindhoven

 !"#$%&'(($)$"$%*$ + 3'')"4!00*0) 5

12 colleges van telkens 2 x 3 kwartier. Exacte data

en tijden volgen zodra het rooster van de TUD

2012/2013 bekend is. 12x een ochtend/middag per

week van september t/m december 2012; Delft

40


