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Welcome

to Otaniemi and to the 31st Finnish Convention on Radio Science in Helsinki University
of Technology!
This meeting is part of a long series of national events. "URSI:n radiopäivät" is a well-
known concept in the radio engineering, electronics, physics, and geophysics communi-
ties in Finland. The first Finnish URSI convention was held already in April 1953, with 25
presentations ranging from radio astronomy to linear accelerators. This year, in 2008, the
Radio Science Convention will be held jointly with the annual national electromagnetics
meeting "Sähkömagnetiikka" which has a history starting from the year 1991 to gather
Finnish scientists and experts whose interests are connected with electromagnetic fields.
The objective of URSI (the International Union of Radio Science) is to stimulate and to
coordinate studies in the fields of radio, telecommunication, and electronics sciences on
international basis. Founded in 1919, URSI is a member in the International Council of
Scientific Unions, ICSU. The scientific activities of URSI are organized within ten com-
missions, each responsible for a certain discipline. In addition to international congresses,
URSI acts also on more local levels through the member committees in over 40 countries.
The present event is an example of such activity.
In our modern society, URSI has a very important role in advancing professional and pub-
lic understanding of issues that involve electromagnetic interactions. Examples of emerg-
ing areas which require action are managing the electromagnetic environment, transport
of energy by electromagnetic waves, open questions within nanotechnology, and matters
relating to global change. These issues are not only theoretical problems for experts but
also questions that need to be discussed broadly over the discipline boundaries. Let the
present Radio Science Convention be one step towards fulfilling this goal.
I thank the organizing committee for all their efforts in the preparation of the convention.
Volunteers within the Finnish URSI committee and technical commissions as well as the
board of the Electromagnetics event, including CSC (Finnish IT Center for Science), have
been very helpful in promoting the convention. The support from the Department of Radio
Science and Engineering and Helsinki University of Technology was important in making
the present event free of registration charges for participants.
I wish to end this welcome address by thanking in advance you, dear participants, for
contributing to the success of this convention!

Ari Sihvola
Chairman, Finnish member committee of URSI

Espoo, October 28, 2008
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Planck – avain maailmankaikkeuteen

Anne Lähteenmäki (1)

(1) Metsähovin Radiotutkimusasema
Metsähovintie 114, FIN-02540 Kylmälä, Finland

Email:alien@kurp.hut.fi

Planck on Euroopan Avaruusjärjestön ESAn satelliitti, joka tulee mittaamaan taivaan 3
Kelvinin taustasäteilyn usealla millimetritaajuudella. Tämä kosminen mikroaaltotaus-
tasäteily (cosmic microwave background, CMB) kertoo millainen maailmankaikkeus oli
pian alkuräjähdyksen jälkeen, ja sen kartoittaminen korkean erottelukyvyn ja herkkyyden
omaavalla Planck-satelliitilla antaa vastauksen kysymyksiin sekä maailmankaikkeutemme
menneisyydestä että tulevaisuudesta. Koska Planck kartoittaa toimintansa aikana koko
taivaan ainakin kahteen kertaan, se tulee myös havaitsemaan valtavan määrän erilaisia
taustasäteilyn edessä olevia radiosäteilyn lähteitä, esimerkiksi oman Linnunratamme ko-
hteita ja aktiivisia galakseja. Satelliitti on määrä laukaista loppuvuodesta 2008.

XXXI Finnish URSI Convention on Radio Science and Electromagnetics 2008 Meeting
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RFID – uusi tietoliikenteen vallankumous?

Heikki Seppä (1)

(1) VTT
PL 1000, 02044 VTT, Finland

Email: heikki.seppa@vtt.f

Etätunnistin (RFID = Radio Frequncy IDentification) on heijastusperiaatteella toimiva
tiedonsiirtoväline. Passiivisissa RFID-piireissä patteria ei tarvita, koska piiri saa tehonsa
lukulaitteen lähettämästä kentästä. Patterilla lukuetäisyyttä voidaan kasvattaa n. 5 m:stä
aina useisiin kymmeniin metreihin saakka. Ne toimivat pääosin joko HF tai UHF alueella
ja radiosta poiketen ne maksavat vain muutaman sentin mahdollistaen lähes kaikkien ko-
hteiden merkitsemisen. Yksittäiset tavarat ja tuotteet saadaan internetin piiriin (Internet of
Things). Autojen avaimiin, logistiikkaan, tuotantoautomaation jne. suunniteltu tekniikka
on nyt siirtymässä matkapuhelimiin maksamiseen ja liputtamiseen. Matkapuhelimissa
RFID mahdollistaa fyysisen käyttöliittymän. Näppäilyn sijaan tuotetta tarvitsee vain kos-
kettaa ja palvelu aktivoituu.
RFID merkitystä voidaan verrata internettiin, koska se vaikuttaa kaikkiin ja kaikkeen.
Pian voimme puhua jo tavaroiden internetistä: kaikki ympäristöön tai tavaroihin liittyvät
palvelut voidaan aktivoida osoittamalla (PointMe) tai koskettamalla (TouchMe). Voimme
puhua fyysisestä käyttöliittymästä (Physical Browsing). Samankaltainen teknologia voidaan
tuoda myös jopa sanomalehteen. Valitettavasti kolikolla on aina kääntöpuolensa: loukkaa-
vatko tuotteisiin esim. vaateisiin asetetut tunnisteet yksilönsuojaa, riittääkö taajuuskaista,
häiritsevätkö RFID-lähettimet muuta radioliikennettä, varastetaanko matkapuhelimesta
rahaa, onko RFID-kentällä terveysvaikutuksia jne. Pilaavatko joka paikassa olevat met-
alliset antennit tai mikropiirit ympäristöä vai pelastavatko ne ympäristön, koska ne mah-
dollistaa huomattavasti nykyistä tehokkaamman kierrätyksen. 2000-luku on ollut RFID-
tekniikan kasvuvaihe; etätunnisteiden määrä on noussut sadoista miljoonista useisiin mil-
jardeihin. Varsinainen läpimurto tapahtuu kuitenkin vasta 2010-luvulla, jolloin suurin osa
ihmisistä hyödyntää matkapuhelimen RFID lukulaitetta päivittäin ja tekniikan ympärille
on rakennettu riittävästi palvelutoimintaa.

XXXI Finnish URSI Convention on Radio Science and Electromagnetics 2008 Meeting
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Participation of Finnish radiometer HUT-2D in calibration and validation 

campaigns of European Space Agency’s SMOS mission 
 

Juha Kainulainen
(1)
, Kimmo Rautiainen

(1)
 , Juha Lemmetyinen

(1)
 , Martti 

Hallikainen
(1)
 

 
(1)
Helsinki University of Technology 

Department of Radio Science and Engineering 

P.O.BOX 3000, 02015 TKK, Finland 

Email: Juha.Kainulainen@tkk.fi 

 

SMOS is the European Space Agency's next Earth Explorer satellite due for launch. It 

aims for global monitoring soil moisture and ocean salinity. Earth Explorer satellites are 

a set of missions, in which new technology is developed for the purpose of remote 

sensing while also providing valuable input to Earth Observation Sciences. 

 

SMOS houses a state-of-the-art instrument called MIRAS – Microwave Imaging 

Radiometer by Aperture Synthesis [1]. It is a radiometer that uses 72 individual 

receivers at 1.4 GHz to measure the spectral power density, i.e. brightness temperature, 

of the Earth by means of interferometry. Accordingly, by correlating each signal with 

the ones from the other receivers, a two-dimensional brightness temperature image is 

obtained. 

 

Helsinki University of Technology (TKK) has participated in the development of the 

MIRAS instrument from the mid 1990's through several projects. These include 

preliminary studies of the instrument’s calibration methods, the testing and 

manufacturing of demonstrator of subsystems of MIRAS, the definition and execution 

of test campaigns of the MIRAS Calibration Subsystem Flight Model, and development 

of the instrument's signal processing methods. Also, complex scientific instruments 

onboard – six Noise Injection Radiometers – have been designed and tested by TKK. 

 

In addition to the projects related directly to MIRAS itself, TKK has designed, 

manufactured and tested an airborne instrument with characteristics similar to MIRAS, 

  
Figure 1. Left: simulated response of MIRAS to the brightness temperature of western 

Europe. Right: A measurement of the HUT-2D radiometer over the Finnish coastal area. 

XXXI Finnish URSI Convention on Radio Science and Electromagnetics 2008 Meeting
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to be used on board the Department of Radio Science and Engineering research aircraft. 

The radiometer is called HUT-2D and is described in detail in [2]. The instrument was 

completed in spring 2006, folowed by successful first measurement flights. ESA’s 

interest to get L-band multi-angular datasets similar to the SMOS product before the 

launch has guaranteed a role for HUT-2D in the SMOS in-orbit calibration and 

validation plans – in addition to a Spanish MIRAS demonstrator, HUT-2D is the only 

European instrument able to provide SMOS-like measurement data (Figure 1). 

 

During the autumn of 2007 HUT-2D participated in the CoSMOS-2007 campaign, in 

which a dataset from the Finnish coastal area was measured in order to demonstrate sea 

salinity retrieval. The campaign consisted of three two-hour measurement flights with 

HUT-2D and the Danish conventional radiometer EMIRAD. The systems were 

accommodated in the department’s research aircraft. During the same autumn, HUT-2D 

was used to measure a dataset in northern Finland for SMOS Soil Moisture data product 

validation purposes. The flight consisted of one measurement flight over a test area in 

Sodankylä, and long transects of ~800 km from southern to northern Finland. 

 

The most significant measurement campaign of HUT-2D for SMOS validation is 

supposed to be carried out once SMOS is in orbit, during autumn 2009 or 2010. This 

campaign consists of measurements of soil moisture test areas in Germany and Spain 

(Figure 2). The campaign was carried out during spring 2008 in a smaller scale, as a 

“rehearsal” for the final campaign. Data processing from the campaign is currently 

ongoing. 

 

REFERENCES 
 
[1] K. D. McMullan, M. A. Brown, M. Martin-Neira, W. Rits, S. Ekholm, J. Marti and 

J. Lemanczyk, “SMOS: The Payload,” IEEE Trans. Geosci. Remote Sensing, vol 
46, no. 3, pp. 594-605, March 2008. 

 
[2]  K. Rautiainen, J. Kainulainen, T. Auer, J. Pihlflyckt, J. Kettunen, M. Hallikainen, 

”Helsinki University of Technology L-band Airborne Synthetic Aperture 
Radiometer, ” IEEE Trans. Geosci. Remote Sensing, Vol. 46, No. 3, pp. 717 – 726, 
March 2008. 

  
Figure 2. Left: Flight trajectory of the sea salinity test line measured with HUT-2D 

during CoSMOS-2007. Right: Measurement sites of Ruhr, Danube (in Germany), and 

Valencia (in Spain), and flight plan of the Rehearsal Campaign in spring 2008. 
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Limitations on the Read Range of UHF and Millimetre Wave
Radio Frequency Identification

Pekka Pursula

VTT
P.O.Box 1000, 02044 VTT, Finland

Email: pekka.pursula@vtt.fi

INTRODUCTION

Since the introduction of low cost passive, i.e. batteryless, transponders in the end of
1990’s, the radio frequency identification (RFID) at ultra high frequencies (UHF) has
been adopted in many applications from logistics to road tolls collection and timing in
mass sports events. The passive RFID transponder is powered by the RF signal from
the reader device. The communication from the transponder to the reader is based on
backscattering modulation. The integrated circuit in the transponder modulates the load
of the transponder antenna, which is seen as a modulation of the scattered field.

In this paper, the read range of passive UHF RFID is analysed, and the usage of millimetre
waves for RFID, or millimetre wave identification (MMID) [1],is discussed.

READ RANGE

The RFID system has two restrictions to the read range. The power transfer to the
transponder can be described by the effective apertureAe of the transponder and the mod-
ulated backscattered power by the radar cross sectionσm of the transponder [1],

Am
e =

GAλ2

4π

(
1 − 1

2

[
|Γ1|2 + |Γ2|2

])
,

σm =
G2

Aλ2

16π
|Γ1 − Γ2|2 . (1)

Here GA is the gain of the transponder antenna,λ is the wavelength andΓ1,2 are the
Kurokawa power reflection coefficients between the antenna and its load, i.e. Γ1,2 =
(Z1,2 − Z∗

A)/(Z1,2 + ZA), whereZ1,2 are the antenna loads in modulation states 1 and 2,
andZA is the antenna input impedance.

Equations (1) can be used with the Friis equation and radar equation to calculate the power
transferred from reader to the transponderPtag and the scattered power received by the
readerPrx, which are presented in Fig. 1 as a function of distanced between the reader
and the transponder. The horizontal line in the figure presents transponder and reader
sensitivities,P 0

tag = -20 dBm andP 0
rx = -100 dBm, respectively. These are typical values

in a state-of-the-art passive UHF RFID system. The read rangeof the passive UHF RFID
is limited by the power transfer to about 10 m.

However, the architecture of the reader RF front end is critical, because the transmitted
signal may couple a significant amount of noise to the receiver input, overpowering the
faint reflection from the transponder and raising the readersensitivity with tens of dB.
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Figure 1: The limiting factors on the read range of RFID systems: UHF RFID at 869 MHz
(left) and MMID at 60 GHz (right). Transmission powerGtxPtx = 33 dBm (erp) andGA

= 0 dBi. For UHF RFID,Grx = 8 dBi, and for MMID,Grx = 20 dBi.

Several designs, e.g. an adaptive RF front end in [2], has beensuggested to provide high
isolation between the transmitter and the receiver. In RFID,also matching (Γ1,2 in (1)) in
the transponder antenna may deteriorate the read range severely. The matching is affected
by the antenna immediate surroundings, which vary from mounting platform to another.

Adopting millimetre waves for RFID provides smaller directive antennas for the reader
and allows wider data band. In Fig. 1, the range of a passive MMID system is analysed.
The passive MMID is feasible only in very low range due to inefficient power transfer,
but enables wide data band, because received powerPrx is high compared to the reader
sensitivity. Of course, smaller antennas with less directivity have to be used at low ranges
to satisfy the far field criterion for Friis equation. Semipassive transponders, i.e. transpon-
der with battery, would be limited by the scattered power, enabling a range of 5 m. The
semipassive MMID has been experimentally verified to a rangeof 1 m in [1].

CONCLUSION

The read range of the passive UHF RFID is limited by the power transfer to the transpon-
der to 10 m, provided the reader architecture eliminates thetransmitter noise coupling to
the receiver. The theoretical analysis of millimetre wave identification (MMID) opens two
possible applications: 1) A passive mass memory with wireless wide data bandwidth ac-
cess and range of a few cm; and 2) a semipassive transponder for e.g. sensor nodes, where
densely located transponder can be separated from each other by the narrow beam of the
reader antenna up to a range of 5 m. Another interesting possibility is that the automotive
radars have all the hardware required for communication with MMID transponders, but
probably active transponders should be used to enable longer range.

References

[1] P. Pursula, T. Vähä-Heikkilä, A. Müller, D. Neculoiu, G.Konstantinidis, A. Oja, and
J. Tuovinen, "Millimetre Wave Identification — A New Short Range Radio System
for Low Power, High Data Rate Applications", to be published inIEEE Transactions
on Microwave Theory and Techniques, October 2008.

[2] P. Pursula, M. Kiviranta, and H. Seppä, "UHF RFID Reader withActive Reflected
Power Canceller", accepted inIEEE Microwave and Wireless Component Letters,
September 2008.
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Delay Diversity Methods for Parallel OFDM Relays

Taneli Riihonen (1) Risto Wichman (1)

(1) Dept. of Signal Processing and Acoustics, Helsinki University of Technology
P.O. Box 3000, FI-02015 TKK, Finland

Email: {taneli.riihonen, risto.wichman}@tkk.fi

INTRODUCTION

Relays form a distributed antenna system that can be used forextending the coverage
of wireless OFDM networks in a cost-efficient manner. We consider a general network
whereNr parallel relay nodes (RNs) amplify and forward signals froma base station (BS).
Multipath fading is beneficial for OFDM transmission as it increases frequency selectivity
which can be exploited by forward error control coding. Whenrelays apply linear or
cyclic delay diversity methods [1] to create longer multipath channels, dependence on the
propagation environment is reduced. In this paper, we summarize relaying protocols and
explain how they facilitate the delay diversity methods. Weaim at providing maximum
diversity gain, but how it translates to performance gain depends on used coding scheme.

RELAYING PROTOCOLS

In the following,Ntot denotes the total number of samples in each OFDM symbol that
consists of subcarriers andNCP samples of the OFDM cyclic prefix (CP).

In full-duplex (FD) relaying, the BS and RNs transmit the same 1D OFDM symbol
simultaneously, and the rate is thusRFD = 1 − NCP/Ntot. If the relays introduce any
extra delay, the CP has to be extended. In FD relaying with extended CP (FDE), we
define the CP extension for fair diversity comparison in sucha way that the rate equals to
half-duplex relaying rate (RFDE = RHD). Thus, the length of the extended CP becomes
N̂CP = (Ntot + NCP)/2.

Half-duplex (HD) relaying consists of alternating transmissions of the BS and the RNs
with two orthogonal time slots. Thus, the rate isRHD = RFD/2.

Semi-full-duplex (SFD) relaying exploits 2D OFDM [2], which allows BS and RNs
to transmit simultaneously different consecutive 1D sub-symbols without inter-symbol
interference. The SFD protocol achieves the rateRSFD = MN/Ntot, which depends
on the selection of the 2D OFDM symbol dimensionsM andN . Selecting the optimal
symbol dimensions [2], the maximized rate becomesR∗

SFD = (1−
√

NCP/Ntot)
2.

BS
RN x

x

(a) full-duplex (FD)

BS
RN x

x

(b) full-duplex with extended cyclic prefix (FDE)

BS
RN

x
x

x

(c) half-duplex (HD)

BS
RN x1

x1
x2

x2x3 x3
x3

(d) semi-full-duplex (SFD) using 2D OFDM

Figure 1: Superposition of symbols as received by a mobile terminal.
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DELAY DIVERSITY METHODS

Linear delay diversity (DD) makes the effective channel longer and more frequency se-
lective. The BS and the RNs are spatially dislocated, which causes spreading in the arrival
times of signals. This inherent delay diversity (IDD) arises with every relaying protocol
by merely adding relays to a system. Unfortunately, IDD gains depend significantly on
the transceiver locations and cannot be controlled by tuning transmission parameters at
the RNs. Artificial linear delay diversity can be implemented by using the FDE proto-
col. The extended CP allows RNs to apply extra transmission delays without creating
inter-carrier interference, but this results in rate decrease.

In cyclic delay diversity (CDD), the relays cyclically shift the time domain 1D sym-
bols before adding the CP. Cyclic shift creates virtually longer channel impulse response
without requiring longer CP. The relays have to receive the whole 1D symbol to be able
to perform the cyclic shift. Thus, full-duplex relaying is not possible with CDD. Half-
duplex relaying is the most intuitive method to facilitate CDD. An improved method to
allow for CDD is semi-full-duplex relaying, because then a RN can transmit a cyclically
shifted version of a 1D sub-symbol. The destination receives a sum of two different 1D
sub-symbols, but the 2D symbol structure guarantees interference-free transmission.

DISCUSSION

The 2D OFDM allows SFD protocol which increases the rate, butat the same time addi-
tional overhead is created. A rate increase is achieved by CDD-SFD relaying compared
to CDD-HD relaying whenNCP < Ntot/9 [2]. For example, in the DVB-T/H standard
NCP/Ntot takes the values1/5, 1/9, 1/17 or 1/33 for which the rate gain of SFD relaying
over HD (and also FDE) relaying is−23.6%, 0%, 21.9%, or 40.7%, respectively.

The delay shifts employed by the relays should be selected with adequate spacing to get
full diversity benefits, which limits the number of relays,Nr. To achieve maximum delay
diversity, the effective channel taps at the destination should be uncorrelated. Thus, trans-
missions from BS and RNs should be delayed at least by the length of the channel impulse
response. In general, exact length of the channel impulse response is not known, but a
safe choice to guarantee maximum diversity is to use delay difference ofNCP samples.

In DD, the number of possible choices for delay shifts is limited by the length of the
extended CP. Therefore, the number of relays in the network with full diversity is Nr ≤
(Ntot/NCP− 1)/2 for DD-FDE. On the other hand, in CDD the number of possible delay
shifts is limited by the length of the 1D OFDM symbol payload.Therefore, to get full
diversity, the number of relays is limited byNr ≤ Ntot/NCP − 1 with CDD-HD. With
CDD-SFD using rate maximizing symbol dimensions [2], the number of relays is limited
by Nr ≤

√
Ntot/NCP − 1 when full diversity is preferred. Thus, CDD-SFD can support

less relays, but gives significant rate gain, if the CP is short enough.
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INTRODUCTION

Dielectric rod waveguide antennas of rectangular cross section are of increasing interest at 
millimeter wave  frequencies.  Such antennas  have  relatively  low cost,  low losses,  a 
broadband  input  match  and  a  high  packing  potential.  The  radiation  pattern  of  the 
dielectric rod waveguide antenna can be also almost frequency independent. Thus it is an 
interesting candidate to be used as an antenna array element. In this paper the suitability 
of Sapphire rod waveguides as antenna array elements is studied with simulations and 
prototype measurements.

DRW ARRAYS

In general an antenna array enables a larger gain and narrower beam than a single antenna 
element. By changing the element spacing and increasing the number of elements a wide 
variety of radiation patterns can be created. However, it has to be remembered that the 
larger the number of elements, the more complex will be the element feeding network. 
Another way to create different radiation patterns is to change the signal phase between 
the antenna elements. 

Earlier, dielectric rod waveguide antennas have been studied as optimized feed 
elements for focal plane arrays [1]. Dielectric rods were made of polyethylene (εr  = 2.3) 
and they were fed by slotlines as the metal waveguide feeding requires a horn structure 
with low permittivity rods. Using a horn feed would require too much space and would 
lead to large element spacing.  In the case of the higher permittivity DRW a horn feed is 
not required [2] and thus valuable space is saved. Fig. 1a) illustrates a 2 x 2 DRW antenna 
array fed by regular metal waveguides.

Figure 1: a) Illustration of a 2 x 2 DRW antenna array fed by regular metal waveguides, 
b) a two element prototype.
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TWO ELEMENT ARRAY PROTOTYPE

HFSSTM was used to simulate vertically placed two-element DRW array with different 
element spacing. It was decided to manufacture a prototype array with element spacing of 
one wavelength and to use Sapphire (εr,z = 11.56, εr,ρ=9.39) rods. The cross-section of the 
rod is 0.5x1.0 mm2 and it has 6 mm long horizontal tapers in both ends. With spacing of 
one wavelength the main beam is about 60˚ and sidelobes are about 8 dB lower. 

One challenge in the DRW antenna arrays is the difficulty to design an efficient 
feed system with the high packing density. In [1] a metal waveguide feed and a slotline 
feed were considered. It was decided to use a metal waveguide splitter as a feed element 
for two element prototype. Matching of the splitter was improved with a matching post 
[3]. Thin teflon sheets were used to attach the rods in the middle of the metal waveguides.

Antenna radiation pattern was measured both in E and H plane, by using the 
millimeter network analyzer and rotating the antenna. Measurement results are compared 
with the simulations made with HFSS. Fig. 2 a) presents the measured and simulated E 
plane radiation pattern. The main beam is about 60˚ and the pattern corresponds well with 
the simulation. Fig. 2 b) shows the simulated patterns of 2x2 element array in both E and 
H plane. It can be noticed that the main beam shapes nearly coincide in both planes.

Figure 2: a) Measured E plane radiation pattern of the prototype, b) simulated patterns of 
the 2x2 DRW element array
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INTRODUCTION

In this report we study the post processing signal-to-interference (SINR) difference dis-
tributions of a precoded MIMO with a maximum of two spatiallymultiplexed streams in
both i.i.d. and correlated flat Rayleigh fading channels. Whenadaptive modulation and
coding (AMC) is used the transmitter needs to be informed about the channel conditions
in order to adjust the transmission rate. A channel quality indicator (CQI) for both data
streams is fed back from the receiver to inform the transmitter about the channel con-
ditions. To reduce the amount of feedback, the CQI of one stream may be considered
relative to the CQI of the other stream. The distributions of SINR difference may be used
for optimization of the relative CQI offset levels.

The precoding considered is based on singular value decomposition (SVD), which means
that the channel is orthogonalized [1]. It follows that after zero forcing (ZF) receiver, the
distribution of the post processing SINR difference between the streams corresponds to
the probability density function (PDF) of the fraction of the eigenvalues of the channel
in logarithmic domain. The PDFs of the eigenvalue fraction can be obtained in closed
form for both i.i.d. and correlated flat Rayleigh fading channels from the joint eigenvalue
distributions.

EIGENVALUE FRACTION DISTRIBUTIONS

With the parametrization of [1] after a ZF receiver the post processing SINR values can
be written asSINR

(ZF )
1 = γ

(rλ−1

1
+(1−r)λ−1

2
)

andSINR
(ZF )
2 = γ

(rλ−1

2
+(1−r)λ−1

1
)
, wherer is

an orthogonalization parameter. Whenr = 1 or r = 0 and we haveSINR
(ZF )
k = γλk.

For the flat Rayleigh fading channel,HH
H follows a Wishart-type distribution. The PDF

of the ordered eigenvalues of i.i.d. Rayleigh fading channelcan be found in [2]. For2× 2
MIMO the joint distribution ofλ1 andλ2 reads

p(λ1, λ2) =
1

2
(λ1 − λ2)

2 exp (−λ1 − λ2) (1)

The PDF ofu = λ1

λ2

can be integrated from that and reads

p(u) =
6(u − 1)2

(u + 1)4
(2)

For the correlated scenario the distribution can be obtained from the formulas e.g. in [3].
We assume correlation only at the transmitter since the receive correlation is typically
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small. For2 × 2 the PDF ofu in closed from reads

p(u) =
κ2

1κ
2
2(u − 1)2((κ2

1 + κ2
2)(1 + u + u2) + κ1κ2(1 + 4u + u2))

(κ2
1u + κ2

2u + κ1κ2(1 + u2))3
(3)

Fig. 1 and 2 show the analytical eigenvalue fraction PDFs compared to the simulated
SINR difference distributions in i.i.d. and correlated channels, respectively.

0 5 10 15 20 25 30 35
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

delta SINR in dB

pd
f

 

 
SNR −2dB
SNR 1dB
SNR 4dB
SNR 7dB
SNR 10dB
SNR 13dB
SNR 16dB
SNR 19dB
SNR 22dB
SNR 25dB
SNR 28dB
Analytic

Figure 1: Eigenvalue fraction distribution compared to simulated SINR difference distri-
butions in i.i.d. channel.
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Figure 2: Eigenvalue fraction distribution compared to simulated SINR difference distri-
butions in ULA correlated channel with correlation parameter 0.9.
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INTRODUCTION 
 
Digital predistortion of the power amplifier (PA) nonlinearity is a technique to improve 
signal quality and reduce power consumption in wireless transmitters. Basestation 
transmitters typically use adaptive predistortion methods, but the required feedback path 
is too expensive and power-hungry for implementation in a mobile wireless device.  
A static nonlinearity is an attractive solution for predistortion in a mobile device 
because of its simplicity and robustness. The design of the predistorter requires 
knowledge of the amplifier’s AM-AM and AM-PM characteristics. Typically, those are 
obtained through frequency- and powersweeps with a network analyzer. The results are 
accurate, but only as long as the bandwidth of the modulated signal during later 
operation is small. Modern communications systems use wide bandwidth signals. A 
wideband modulated signal experiences in average different AM-AM and AM-PM 
distortion than a continuous-wave test tone. As a consequence, a systematic error results 
from continuous-wave PA characterization, leading to a suboptimal predistorter design. 
Said error can be avoided by using a modulated test signal with statistics resembling 
those of the transmitted signal during normal operation. 
 
MEASUREMENT AND MODELING 
 
To characterize the PA, a 5 ms long cyclic test signal with 10 MHz  bandwidth (SC-
FDMA modulation, according to an early version of the LTE standard) was applied to 
the amplifier at 2 GHz. One cycle of equal length was sampled from the downconverted 
output signal. Input and output signal were aligned for maximum correlation using an 
FFT-based delay with subsample accuracy.  
A polynomial-based nonlinearity model was constructed by adding powers of the input 
signal according to (1): 
 

∑
=

−

=
n

i

i

i xxxay
,...5,3,1

2

1
* )(           (1) 

 
x  is one sample of the complex-valued baseband input signal, y  is the output sample 
from the model. n  is the order of the polynomial model. 
The model is linear in its complex-valued coefficients ia , and standard least-squares 

methods are used to determine the coefficients ia  that minimize the remaining error.  

The 5 ms test signal was represented by 200000 samples, providing sufficient 
oversampling for higher-order nonlinear products. An order of 19 was chosen for the 
polynomial model. Terms for order 7>i  correspond to clipping distortion (saturation 
effects), and improve accuracy only marginally. 
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RESULTS 
 
Fig. 1 shows the least-squares-optimal AM-AM and AM-PM curves of a GaAs PA with 
a nominal output power of 27 dBm.  

 

Figure 1: AM-AM and AM-PM characteristics 

Trace a) and c) are based on measurement with the wideband test signal. In comparison, 
b) and e) were obtained with the same signal, at 1/1000 of the original bandwidth (5 
seconds measurement time instead of 5 ms).  
The systematic error that is caused by memory effects is clearly visible from the 
difference between traces. For example, the AM-PM distortion for the modulated test 
signal is more than twice the value obtained through continuous-wave testing. 
Fig. 2 presents the spectra of the measured (a) and modeled (b) output signal, and the 
difference (c). For comparison, (d) shows the SC-FDMA input signal . 

 

Figure 2: Measured and modeled output signal; error signal 

The accuracy is an order of magnitude better than the EVM requirements on the target 
system. Therefore, the presented PA model is suitable for the design of a predistorter. 
Since the test signal can be generated by the transmitter’s own digital frontend and the 
test time is only milliseconds, the method is attractive for production calibration. 
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INTRODUCTION 
 
Many space missions operating above 100 GHz are using heterodyne receivers, which 
require Schottky diodes. The development of Schottky diode devices is important, not 
only for space instruments but also for the emerging terrestrial applications in 
millimeter wave imaging. 
So far the Schottky diode characterisation has been done on test carrier substrates, 
where the discrete diodes are mounted. The diodes are characterised by S-parameter 
measurements, direct current measurements and capacitance measurements. However it 
would be important to test the diodes in the actual operating environment of the diodes 
in final application, so that different Schottky diodes can be compared properly. The 
purpose is to develop a waveguide mixer test jig for characterisation of different 
Schottky diodes at the G-band frequencies. 
 
 
MIXER TEST JIG 
 
The idea is to build a mixer test jig where different diodes could be operated at their 
ultimate mixer performance under comparable conditions at high millimeter wave 
frequencies. The main focus is here in our case in G-band testing and especially testing 
at 183 GHz. One important requirement is that the structure of the mixer test jig should 
be as simple as possible. The diode will be mounted on a substrate with no impedance 
matching, and with only a waveguide probe and minimal filtering. The RF and LO 
signals are fed into the same waveguide and the probe couples the signals onto the diode 
substrate, which is positioned in a microstrip channel. The RF and LO impedance 
matching will be done with a low-loss waveguide tuner and the IF impedance will be 
matched with a coaxial tuner. DC and IF connections will be provided in a manner that 
allows the change of the substrate and the diode in the mixer. 
 
 
WAVEGUIDE-TO-MICROSTRIP TRANSITION AND LOW-PASS FILTER 
 
A waveguide-to-microstrip transition is an important part of the mixer test jig. The 
transition should be low-loss and broadband. The dimensions of the microstrip channel, 
where the diode is positioned, were determined so that only the fundamental mode 
propagates and the waveguide modes are at cutoff [1]. The transition extends through 
the WR-5 waveguide.  In one end there is the microstrip channel, where the diode is 
mounted and in the other end there is the low-pass filter. The low-pass filter is needed to  
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Figure 1: Waveguide-to-microstrip                      Figure 2: Simulated 21S  and 22S  of 
transition with low-pass filter.        the transition at the microstrip port. 
 
prevent signals at the RF and LO frequencies from getting into the IF port while only 
DC and IF frequency signals pass through. The designed and simulated low-pass filter is 
a hammerhead filter. The filter for 216 GHz in [2] was used as basis for the low-pass 
filter. The dimensions of the filter were modified so that the stop band is at correct 
frequencies (at RF and LO frequencies). Fig. 1 shows the waveguide-to-microstrip 
transition and the low-pass filter. Fig. 2 presents the simulated transmission and return 
loss of the transition from waveguide port to microstrip port. 
 
 
CONCLUSION 
 
A waveguide-to-microstrip transition with a low-pass filter for mixer test jig has been 
designed and simulated. According to simulations with dielectric loss, conductor loss 
and surface roughness of the metallization, the minimum return loss is 13.4 dB and the 
maximum transmission loss is 0.36 dB in the range of 170-200 GHz. The return loss 
was meant to be better, but it would have been reached only by narrowing the 
bandwidth. Another manner would have been reducing the height of the waveguide, but 
it would have made the manufacturing more difficult and the purpose was to keep the 
transition as simple as possible. Next step in the work is to simulate the transition with a 
diode model and tuners. 
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INTRODUCTION 

 

ELSI (Electric Sensors with Intelligence) is a system which can be used to locate people 

and measure some vital parameters. For the measurement, sensor elements placed under 

the floor surface are used. A low frequency low voltage signal is fed to a single sensor 

element. The others provide the return path for the signal. Any conductive object in the 

vicinity of the sensor affects the impedance. Thus the person can be located (Fig. 1) [1]. 

 

                 
Fig. 1. The current flow of a single element is affected by a person. The whole element 

matrix is scanned sequentially.  

Fig.2 A schematic picture of an ELSI sensor element. Quad antenna surrounds the 

electric field sensors and signal wires 

 

THE RFID-SYSTEM 

 

The system presented here is to add the identification function to the ELSI system. The 

solution is a system illustrated in fig. 3. Each quad antenna is sequentially fed with a 

coordinate specific code (LF-path). The tag transmits the coordinate and a tag specific 

ID to the system (HF path). 

 

Usually transmitted signal in indoor location system is refracted and reflected from the 

walls and objects which also absorb the signal [2]. Use of the low frequency minimizes 

the disturbances because of the near field condition. 

 

A prototype system was constructed to verify the feasibility and functionality of the 

planned RFID concept. A limited range low frequency magnetic field is created 

sequentially by each quad antenna. The Transceiver Unit sends a unique code to each  
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Fig 3. ELSI-RFID routing. Low frequency signal goes through MUX-units and induces 

magnetic field in selected quad antenna. Tag responses to the system with HF-signal 

(small curved lines). Grey lines: borders of different ELSI-element carpets.  

 

antenna using multiplexers (MUX-units). When the unique code of an antenna is 

detected by a tag’s LF channel it relays the code and its own ID-number to the 

Transceiver Unit using the HF channel. Thus the tag can be both identified and located. 

LF channel works with 100 kHz and HF channel frequency is 2.4 GHz.  Theoretical bit 

rate with 100 kHz carrier frequency using ASK-keying is about 10 kb/s [3]. In actual 

systems the rate is below 4 kb/s. However the rate is enough to send short location 

messages. For example with 8 bit address space it takes about 200 ms to go through all 

256 antennas. 

 

DISCUSSION 

 

The simple prototype showed that it is possible to build a location system with floor’s 

quad antennas. The next step is to use the MUX-unit LF-data rate up to 4 kbit/s. There 

is also work to create a network and controlling system that would bond the rooms with 

ELSI-RFID together wirelessly. At the moment ELSI uses CAN (Controller Area 

Network) to connect the rooms with the central unit [1].  
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If an actuation voltage is applied to the MEMS capacitors connected in rows, the 
resonance frequency shifts. At the same time the phase of the reflection coefficient of 
the HIS changes, as well as the phase factor of the propagation constant of the reflected 
field. This can be used in development of phase shifters where the MEMS tuneable HIS 
is embedded either in the narrow walls of the metal waveguide or placed as a backshort 
(reflection type phase shifter). Frequency dependence of the phase shift, which appears 
when the HIS is tuned from a low impedance state to a high impedance state, is shown 
in Fig. 2. Analogue type phase shifter can operate by gradual tuning of the impedance of 
the whole MEMS inclusion. Alternatively, the effective length of the high impedance 
section can be changed by applying different voltage to different rows of MEMS 
capacitors providing analogue type phase shift due to the very small size of the unit cell. 
 
EXPERIMENT 
 
HIS array of 200x52 unit cells with a period of 350 µm was microfabricated, see Fig. 3, 
and its S11 parameter was measured by placing the surface as a backshort of a 
rectangular metal waveguide, see Fig. 4. The measured phase of the reflection 
coefficient changes from almost 180º to 0º at the resonance frequency, which proves 
that the structure behaves as a high-impedance surface, see Fig. 5. Gradual tuneability 
of the MEMS capacitors with capacitance ratio of 1.22 was achieved by applying an 
actuation voltage, pull-down voltage being 15 V. Future steps will be applying voltage 
source to the HIS embedded to the waveguide and measuring the S-parameters.  

           
Fig. 3 Fabricated HIS 
 

Fig. 4 Measurement setup 
 

Fig. 5 Measured S11 of HIS

CONCLUSIONS 
 
We have designed, analysed, fabricated MEMS tuneable high-impedance surface and 
measured its S11 at millimetre wave frequencies. The structure can be used in 
developing low loss analogue type phase shifters based on rectangular metal 
waveguides for millimetre wave beam steering applications.  
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INTRODUCTION

Cell phones are used all over the world by millions of people. Therefore, locating a per-
son’s cell phone has become important especially in disaster situations such as avalanches,
forest fire situations and collapsed buildings, where victims need to be found quickly and
reliably. The goal of this paper is to study the time of arrival (TOA) and time difference
of arrival (TDOA) direction finding (DF) and positioning methods in single and multipath
cases for the Global System for Mobile Communications (GSM), Terrestrial Trunked Ra-
dio (TETRA) and Universal Mobile Telecommunications System (UMTS) systems. The
performance and achievable DF and positioning accuracies of these methods are stud-
ied in different situations from various perspectives, one being helicopter based DF. The
work is as a part of the European Commission Sensors for Terrestrial and Airborne Radio-
Transmitter Rescue Search (STARRS) FP6 No 033742 project. https://www.research-
projects.org/projects/starrs

NUMERICAL RESULTS

A traditional way to measure TOA or TDOA is the correlation process but that is not
optimal for multipath channels. Instead, superresolution algorithms like those based on
the maximum likelihood (ML) method should be used. In this project correlation and
ML based estimators have been implemented using Matlab. The one based on ML was
optimized for two path channels (while the correlator is optimal for a single path channel)
and implemented by the alternating projection algorithm [1]. The estimators measured
either TOA in a sensor or TDOA between the two sensors. The simulated signal is highly
oversampled "analog" signal, which is sampled with a minimum of two samples per pulse.
For that reason, the signal model is not exact, but more close to real life signal. Exact
signal model would give better results. Simulation results were converted to match GSM,
TETRA and UMTS systems such that TOA and TDOA performance of those systems
could be predicted. The simulator gives TOA and TDOA results that are relative to chip
length. In the result tables the usual method is a matched filter (MF) with the parabola
fitted interpolation method and the AP method is parabola corrected alternating projection
method.
A snapshot of numerical results is shown in Fig.1. It can be seen that the UMTS system is
the most usable in terms of positioning. The achievable accuracies are around ten meters,
which is suitable for positioning using RTT measurements and triangulation. The results
achieved with GSM showed that GSM signals are useful only for large scale positioning
situations, where the positioning error can be over 100 meters, such as large forest fires.
In the case of TETRA signals the pulse duration is too long, which causes positioning in-
accuracies of over one kilometer, clearly making TETRA signals useless for positioning.
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Figure 1: (a) RMSE of TDOA estimate error vs. delay, example results for the analysis.
(b) TDOA simulation results with SNR=18 dB showing the achieved accuracy in meters.

CONVERTING RESULTS TO BEARING ANGLES

The achieved delay estimation results can be converted to bearing angle values. Using the
standard deviation of delay, it is possible to define the standard deviations of the bearing
angles related to them. It can be seen from Fig. 1 that in the very best case the standard
deviation of the delay estimate is about ∆D = 0.05Tc. For example, in the UMTS case,
when the delay error is 4 meters, this leads to the calculation

error = 0.05 · Tc[UMTS] = 0.05 · 0.26µs · c = 4 m, (1)

where c is the speed of light. It is now possible to estimate the bearing accuracies based
on these results. Let the antenna separation be L = 5 m, which is suitable for helicopter
based antenna placement. Transformation of parameters equation [2] is used to calculate
the standard deviation of the bearing. The achieved bearing accuracy is± 74.4o. A proper
estimation range is ± 50o around 0o, which is the true target direction. Now, even in the
best case the estimation range is over that. The only thing that is archived is a sector of
about 150o where the transmitter could be situated. For the GSM and TETRA systems
this sector is uncountable since the standard deviations of the errors are much larger than
five meters. Based on this it is clear that the TOA and TDOA methods are not suitable for
direction finding with these systems. The bearing estimation would become reasonable if
the used system would have higher transmitting bandwidths, as in the positioning case.

CONCLUSIONS

The simulation results and calculations showed that only UMTS signals provide adequate
accuracies for positioning purposes. Round-trip time triangulation can be used to locate
and track UMTS mobile sets and GSM phones, if the accuracy doesn’t need to be that
good. None of the studied systems are suitable for direction finding with helicopters.
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INTRODUCTION 
 
Indirect holographic imaging is suitable to be used in detecting, e.g., concealed weapons 
in personnel screening. At millimeter/submillimeter range, clothing material is partially 
transparent [1] and high resolution imager is possible to be realized with reasonable-
sized aperture. As opposed to many other active imaging methods, heterodyne detection 
is not needed, reducing the complexity of the detectors. 
The image is formed with a synthetic-aperture-type approach, where the complex 
electric field reflected from the target is back-propagated computationally. The complex 
field is not measured directly but by using the holographic method familiar from optics. 
The complex field is retrieved from interference of two fields, the target field and the 
pre-defined reference field. In optics, usually, the reference field is a plane wave from a 
laser source. As creating a plane wave is not trivial at millimeter/submillimeter 
wavelengths, a spherical reference field is used instead. 
In this paper, indirect holographic imaging is experimentally studied. Images taken with 
a 310-GHz imager are presented. Also dynamic range and standard deviation are 
presented. These statistical quantities are means to assess the signal-to-noise ratio 
(SNR) of the imager as well as to evaluate the number of grayscale levels in the image. 
 
INDIRECT HOLOGRAPHIC METHOD 
 
The principle of indirect holographic imaging is shown in Fig. 1. The Gunn-oscillator-
based source is connected to a directional coupler which divides transmitter power into 
the reference field and illuminating field in ratio of 1:10. Both of the source antennas 
are corrugated horns. The interference pattern is recorded at the aperture by raster 
scanning a single receiver with an open-ended waveguide as an antenna. 
As presented in [2], the interference pattern (1) encloses the complex object field 

 rororo EEEEEE ∗∗ +++= 22I , (1)

 
Figure 1: The geometry of indirect holographic imaging 
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where Eo and Er are the object and the reference fields and * stands for complex 
conjugate. Further, the object field (2) is retrieved from (1) by using Fourier Transform 
and the knowledge of the pre-defined reference field 

 ( )( ) ∗∗⊗= rroo EEEE FFF-1 , (2)
where F and F-1 are Fourier Transform and its inverse, respectively, stands for 
convolution. The amplitude of the complex reference field in (2) is measured and the 
phase is calculated according to the measurement geometry. 

⊗

The retrieved object field is finally back-propagated to the object as explained in [2]. 
 
DYNAMIC RANGE AND STANDARD DEVIATION 
 
The brightness B of an image is defined as the absolute value of the back-propagated 
object field. Dynamic range D of the image is the ratio of the mean brightness in the 
lightest and the darkest areas  

 darklight BBD = . (3)
SNR of the imaging system receiver can be approximated by computationally adding 
white Gaussian noise Na in the measured interference pattern with system noise Ns. 
When Na < Ns, the dynamic range remains constant, and when Na > Ns dynamic range 
reduces. The theoretical number of grayscale levels can be approximated by the ratio of 
dynamic range and standard deviation of the brightness Bσ  in dark area of the image. 
 
MILLIMETER-WAVE IMAGES 
 
The 310-GHz millimeter-wave image taken 1.5 m away from the object is presented in 
Fig. 2 a. The aperture size is 400 x 400 mm2 yielding theoretical resolution of 2 mm at 
the distance of the object. The 100 x 100 mm2 aluminum object consists of 2-8 mm slots 
and 2-10 mm holes, of which all the slots are discerned. The dynamic range and 
variance are presented in Fig. 2 b. The dynamic range increases to value of 21, when the 
SNR is increased to ca. 40 dB, and at the same time Bσ reduces to 0.03. Both qualities 
also remain at these values, indicating 40-dB SNR of detection to be adequate for high 
resolution imaging, and also yielding ca. 807=BD σ  grayscale levels in the image. 

a) b)  
Figure 2: a) Mm-wave image b) D (solid line) and Bσ  (dashed line) of the image 
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INTRODUCTION

Solar power satellites (SPSs) were first proposed in the 1960’s and studied in more detail
in the 1970’s during and after the so-called oil crisis [1]. An SPS is a satellite with
large solar panels whose purpose is to beam microwave power to a ground-based receiver
(rectenna field). SPS is among those very few reneweable energy technologies which
could be deployed in a global scale (terawatt level). In comparison to ordinary ground-
based solar panels, SPS produces continuous power, thus eliminating the need for energy
storage. SPS also makes more efficient use of the expensive solar panel material because
the panels are permanently sunlit and because the use of concentrator-type panels fits
naturally to the scheme. Presently the main hurdle of SPSs is the high per-kilogramme
cost of launching material to Earth orbit of about 5000 eur/kg. However, it is conceivable
that reusable launcher technology and larger launch volumes would eventually bring the
launch costs down to a level (100-500 eur/kg) which would ultimate make SPS electricity
economically competitive with present-day fission power cost level (0.06 eur/kWh) with
reasonable usable lifetime of the satellites (30 years).
The purpose of the paper is to raise the Finnish radio science community’s interest in
the SPS field and tell about some recent developments which may contribute towards
making the SPS a realistic mid-term goal. Although SPSs are large systems, there is no
technical reason why the development work of their components such as solar panels and
microwave transmitters could not start now at a smaller scale.

THE ELECTRIC SAIL

The electric solar wind sail (electric sail for short, Fig. 1) is a Finnish space propulsion in-
vention from 2006 [2] whose detailed technical development is in full swing and progress-
ing towards a test mission. The electric sail promises an economical way of transporting
material around in the solar system. One potential application of this capability would be
to mine water ice from asteroids and transport it with electric sails to Earth orbit. Water
could be used as a propellant for orbital transfer vehicles using electrolysis propulsion [3]
or heliothermal steam rocket propulsion. This would free us from having to lift the orbital
transfer propellant from Earth, effectively bringing the access cost to geostationary Earth
orbit (GEO) down to the level of low Earth orbit (LEO) access cost. This could reduce
the net transportation costs of large SPS payloads to GEO or MEO (middle Earth orbit)
by up to 50-60%.

NATIONAL INTERESTS AND FINLAND’S HIGH LATITUDE LOCATION

Due to its high latitude location, Finland is a country where ground-based solar energy,
although available, is less favourable than elsewhere because of the larger capacity need
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Figure 1: Principle of electric solar wind sail propulsion

to store the collected energy over the winter. Therefore SPSs should be interesting for
Finland. However, most studies of SPSs hitherto made have considered SPSs on equato-
rial, geostationary orbits similar to telecommunication satellites. Were this orbits globally
adopted for SPS use, it might create a problem for receiving the microwave beam in Fin-
land because of the low elevation angle of the satellite as seen from the receiver array.
For Finland and other high latitude countries, navigation satellite type middle Earth orbits
might be more favourable. Therefore it should fall in our national interests to develop
reasonable MEO SPS designs and at least study the relative feasibility of GEO versus
MEO SPSs.

R&D OPPORTUNITIES

Microwave sources suitable for SPS use and telepresence robotics which is needed to
assemble the SPSs in orbit are example areas where the expertise of the Finnish radio
science community could help the emerging global SPS effort.

CONCLUSION

In our view, solar power satellites are a realistic possibility for solving Earth’s future
energy needs in an environmentally clean and safe way. The issues or SPSs are not fun-
damental or technical but mainly economical, and there is reason to believe that the eco-
nomics will eventually work out favourably. Thus SPSs are a technology of potentially
enormous usefulness while not appearing to require new breakthroughs before realisation.
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INTRODUCTION

Modern test instrumentation with enhanced computer control features has long ago pushed
mechanical Doppler targets [1] up to the museum of radar engineering. However, phe-
nomenologically speaking, the frequency domain radar response from selected rotating
targets or from targets containing rotating parts remains of continuous interest [2]. Such
geometries and dynamic characteristics are found for example in artillery munitions, low-
flying missiles and as parts of rotating wing aircraft.

Millimeter wave radar returns from cylindrical targets such as artillery shells or helicopter
rotor shafts can be experimentally evaluated with the classic Doppler wheel which also
makes a simple autonomous calibration tool for radar development and field-testing. Mea-
sured Doppler spectra for up to 3000 rpm speeds with a Ka-bandradar against a 100 mm
diameter flat cylinder are presented. We also show less apparent wheel-return character-
istics found in practical measurements.

This research was motivated by the brief description in [1] giving no details about the
results but illustrating a real physical device. Furthermore, it is in our need to have an
autonomous Doppler evaluation target for millimeter wave radar work out in the field.

MEASUREMENT SETUP

The test installation consists of a monostatic battery-powered coherent Ka-band CW
radar, an anechoic range and the rotating wheel itself. The radar has an output power
of +10 dBm and a circular horn antenna with a dielectric lens add-on giving an overall
3dB beamwidth slightly below 5◦. The receiver utilizes a simple biased diode mixer and
a low-noise audio amplifier together with a high pass filter.

The target is a hollow cylinder manufactured of electric-grade copper and machined to
give a rotational symmetry better than 0.1 mm. The cylinder diameter was 120 mm and
an axial height 40 mm. A DC motor was used as a rotator giving useful speed range from
180 rpm to 3000 rpm. High quality millimeter wave absorbers are used to cover all critical
regions of the 2-meter test range, see illustration in Fig. 1.

Data was recorded with a high-speed four channel digital oscilloscope that also provided
the FFT (Fast Fourier Transform) results. An adequate frequency resolution was obtained
with time domain records extending over several consecutive target turns.
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Figure 1:Illustration of the test setup.

 

cursor at 3.8 kHz 

Figure 2: Measured Doppler spectrum
(n=2400 rpm, left edge illuminated, with
turbine blade added) of a receding blade.

TEST RESULTS

Four different main illumination cases where evaluated with the rotating wheel. The
starting point was a full illumination coverage of the metalskin and then three alternative
masks of arbitrarily chosen width were tried in turn covering either the center part, both
edges or everything else but one edge of the wheel surface as seen from the radar. Addi-
tionally, to get an idea about the influence of surface irregularities, we purposely added a
2x2 mm2 bump just above the cylinder rim and also tried a miniature turbine blade with
main dimensions of 6x12 mm2.

Our main findings are the following. When measuring with a practical CW radar, signal
components of meaningful amplitude do exist up to the maximum frequency defined by
the cylinder’s rim speed - a result not completely in line with [3]. Contrary to our initial
assumptions we found that absorber-based shadowing of illumination does not remove
all "masked" frequencies, but for example at a speed of 3000 rpm and just 5 mm wide
illuminated outer segment we could measure Doppler components down to 1200 Hz. An
approximative theoretical Matlab-model, using basic geometric- and physical optics, fails
to explain the components at the lower end of the spectrum. The high end of the measured
spectrum shape e.g. in the case of approaching or receding blade can be simulated with
satisfactory accuracy. The origin of the low frequency components will be studied further
using more elaborate RCS prediction methods.
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INTRODUCTION 
 
A technique for distance estimation with Frequency Modulated radar is proposed. In 
this method is utilized interference between the transmitted signal and local reference. 
In [1] is presented a method for vibration measurement with FM-CW radar. Here the 
principle is developed further to enable peer-to-peer distance measurement.  
 
VIBRATION MEASUREMENT WITH FM RADAR  
 
In the radar for vibration measurement [1] is used a feedback circuitry to keep the 
system on balance.  
The frequency modulated signal sent by the transmitter Tx is 

                                       f = f0 + ∆f ⋅ sin (2πfm⋅t)                                                 (1) 

Where  
 f0      is center frequency 
 ∆f     is deviation 
 fm     is modulation frequency. 

 
Figure 1: Vibration measurement with a monostatic FM-CW radar [1]. 

 
The center frequency ‘f0 ‘ and deviation ‘∆f ‘ are chosen  so, that at the upper frequency 
(f0 + ∆f) the phase of the reflected signal is the same as the transmitted signal and at the 
lower frequency (f0 - ∆f) the phase is opposite. A symmetrical signal at the modulation 
frequency (fm) is obtained. Change in the distance changes the phase relationship and 
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causes asymmetry in the output. This can be utilized to measure the target movement 
and vibration. Here the distance must be known.  
 
DISTANCE ESTIMATION WITH FM RADAR  
 
The same principle can be developed further to estimate also the distance. When the 
center frequency is proper versus the distance, the lower and higher frequencies are out 
of phase at the receiver. Condition for this is: 
 

                                          R = n λlow = (n + ½) λhigh      or                                             (2) 

                                          R = (n - ½) λlow = n λhigh                                                        (3) 

The deviation (∆f) and the center frequency (f0) can be utilized to estimate the distance.  
 
DEVIATION  
 
The output signal has the maximum value at 180 degrees phase difference. If the 
deviation is raised more the mixer output is distorted. Thus the deviation with maximum 
undistorted output can be used to estimate the distance: 

                                                     R = c / 4∆f                                                                  (4) 

The required deviation is inversely proportional to the distance, which is not very 
applicable with indoor positioning applications. 
 
CENTER FREQUENCY 
 
Also the center frequency ( f0 ) affects to the output signal symmetry. Equations (2) and 
(3) determine the frequencies, where the receiver output is symmetrical at a given range. 
These frequencies occur at n values 0.5. At consecutive frequencies f01, f02 and f03 we 
have 

                       R = n ⋅ c / (f01 - ∆f) = (n+0.5) ⋅ c / (f02 - ∆f)  = (n+1) ⋅ c / (f03 - ∆f).        (5) 

From (5) the distance can be estimated: 

                                       R = c / 2(f02 - f01 ) = c / (f03 - f01 )                                              (6) 

 
Laboratory measurements and simulations show, that the distance can be determined 
according to (4) and (6). In this study was used the same source for Rx and Tx. Thus 
there was no phase nor frequency error. However the basic idea for distance estimation 
with FM-radar using phase information is valid. 
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INTRODUCTION

After extensive research work of several decades, automotive radars are finally pushing
into  consumer  market.  Commercially  available  radars  are  either  for  automatic  cruise
control  or  blind  spot  detection.  Automatic  cruise  control  systems  adjust  the  vehicle
speed  according  to  the  preceding  vehicle  whereas  blind  spot  detection  systems  ease
certain maneuvering, such as lane changing.
Automotive radars are also proposed for road condition recognition [1,2]. In this paper,
we study the possibility to use forwardlooking dualpolarized 24 GHz automotive radar
for detecting lowfriction spots due to water, ice or snow on asphalt.

EXPERIMENTS

The  backscattering  properties  of  dry,  snowy  and  icy  asphalt  were  studied  in  one
measurement  campaign  during  winter  and  backscattering  properties  of  dry  and  wet
asphalt were studied in another measurement campaign during summer. Different road
conditions were  arranged on  test  tracks  that are normally  used  for  car  tire  testing and
test driving.
The measurements were performed at the lower European automotive radar band of 22
24 GHz [3]. A network analyzer was used to measure the backscattering from asphalt in
different conditions. The test equipment was installed in a boot space of a van and the
test antennas were aligned  to point  to the test  track  from  the opened back door of  the
van. The antenna pointing angle with respect to the normal of the road surface was 65°.
The  backscattering  was  measured  at  different  polarizations  and  it  is  denoted  as xxσ ,
where  the  first  sub  index  refers  to  the  transmitted  polarization  (vertical  or  horizontal)
and the second to the received polarization.
The measured backscattering from dry, icy, snowy and wet asphalt are shown in Figure
1.  Markers  represent  single  measurements  and  solid  lines  are  averaged  over  certain
polarization and road condition.
As shown in Figure 1, ice increases the backscattering at all polarizations from 2 to 3.5
dB as compared to dry asphalt. Snow further  increases the backscattering as compared
to  ice.  Contrary  to  snow  and  ice,  water  increases  the  backscattering  at  vertical
polarization and decreases it at horizontal polarization.
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(a) (b)

Figure 1. Measured backscattering at different polarizations from: (a) dry, icy and
snowy asphalt, (b) dry and wet asphalt. Single measurements are represented with

markers and solid lines are averaged values over respective road condition and
polarization.

Several  unknown  parameters,  such  as  weather,  the  slope  of  the  road  and  the  target
distance  affect  the  absolute  backscattering.  Therefore,  instead  of  absolute
backscattering,  it  is  more  favorable  to  use  relative  quantities  for  identifying  road
conditions.  According  to  Figure  1,  the  ratio  between  backscattering  at  vertical  and
horizontal  polarizations  could  be  used  to  recognize  the  road  condition.  The  average
ratios hhvv σσ /  are 10 dB for wet asphalt, 5 dB for dry asphalt, 3 dB for icy asphalt and
0.5 dB for snowy asphalt.

CONCLUSIONS

In  this paper, we have studied  the use of 24 GHz dualpolarized automotive  radar  for
recognizing  lowfriction spots due to water,  ice or  snow on asphalt. Our experimental
results suggest that road conditions could be detected by comparing the backscattering
at vertical and horizontal polarization.
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Abstract

HUT-2D is an L-band aperture synthesis radiometer developed in Helsinki University of
Technology, Laboratory of Space Technology. It has been designed as a demostrator for
MIRAS instrument of ESA’s Soil Moisture and Ocean Salinity (SMOS) mission sched-
uled for launch in 2009. This paper describes a soil moisture measuring experiment with
HUT-2D.
Keywords: aperture synthesis, L-band, soil moisture

INTRODUCTION

Soil Moisture and Ocean Salinity (SMOS) is an Earth Observation mission of the Euro-
pean Space Agency scheduled for launch in 2009. The only instrument of the mission is
Microwave Imaging Radiometer by Aperture Synthesis (MIRAS) that relies for the first
time on two-dimensional synthetic aperture radiometry for measuring both soil moisture
and sea surface salinity [1]. Synthetic aperture radiometry enables a relatively small in-
strument to achieve good spatial resolution. A synthetic aperture radiometer HUT-2D has
been designed and built in the Laboratory of Space Technology of Helsinki University of
Technology to demostrate the effectiveness of the methods used in SMOS [2].

SOIL EMISSION MODEL

Measuring soil moisture from microwave radiometer measurements is based on changes
in soil dielectric constant that are caused by differences in soil water content. These
changes were calculated using the Dobson model [3].
A radiometer measures the brightness temperature of the target, which is a function of
physical temperature and emissivity. To calculate the emissivity, Fresnel equations and
for example a semiempirical model known as the Wang and Choudbury model [4] can be
used. If a vegetation layer is present, its effects can be modelled with so called τ − ω
model [5].

MEASUREMENTS

To examine the capabilities of the HUT-2D instrument and the soil emission model three
measurement flights were flown in April and August 2007 in conjunction with ground
truth soil moisture measurements. Four vegetation types, namely bare soil, crop fields,
bog and coniferous forests were covered. This paper concentrates on the results from the
bare soil and crop fields.

XXXI Finnish URSI Convention on Radio Science and Electromagnetics 2008 Meeting

43



RESULTS

Three measurement flights were flown, one in April and another in August 2007. A
bare field in Siuntio was measured twice with interval of two days and slightly differing
moisture. Results from these measurements were used to tune the emission model to
retrieve soil moisture from measurements made on one overflight over a bare field and
two later flights of the same, then crop-covered, field in Nummi-Pusula.
Soil moisture was retrieved by applying least squares method to the brightness tempera-
tures modelled by the Wang and Choudbury model from the ground truth measurements
of soil type and temperature and those measured by the HUT-2D. Mean error in retrieved
moistures was slightly above the target accuracy of SMOS, which is 0.03 m3/m3, but are
satisfactory as the results of first real moisture measurement.

CONCLUSION

This paper presents results from the first attempts to use HUT-2D for measuring soil
moisture. Results show that soil moisture can be retrieved from the measurements of
HUT-2D with moderate accuracy. Further measurements with HUT-2D can be used for
further development of the soil and vegetation emission models and retrieval algorithms
to achieve better results during the actual SMOS mission.
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INTRODUCTION 
 
From the macroscopic perspective the interaction of electromagnetic (EM) fields on the 
human body is determined by electromagnetic theory and dielectric properties of tissues 
[1]. The dielectric properties are mainly determined by the high water content (60-70 %) 
and its’ salinity (0.9 %), but we cannot still neglect the huge complexity arising from 
cell structure of the living matter.  
 
COUPLING OF EM FIELDS TO THE HUMAN BODY 
 
At low frequencies the coupling of the electric and magnetic fields to the body is 
governed by the high conductivity of the tissues due to the high salinity (0.9 %) of the 
tissue liquids. As a good approximation the body is a “metallic” conductor where the 
electric field is greatly attenuated due to the formation of surface charges, which 
effectively cancels the primary field leaving only a weak residual field. The magnetic 
field penetrates effectively to the body, but due to the Faraday law the time varying 
magnetic flux induces circulating weak electric fields and currents. At high frequencies 
above 100 kHz the tissue resembles more and more resistive lossy material, which 
absorbs energy from the electromagnetic wave. The penetration depth decreases as the 
frequency increases: Below 30 MHz all organs are exposed to the direct effects of the 
field, while above 2 GHz relatively small amount of energy penetrates deeper than 3 
cm. It is of interest to note that the absorbed energy increases proportionally to the 
square of frequency up to 30-100 MHz, where the body resonates with the wave and 
then decreases with frequency being by a factor of approximately five smaller at 1 GHz 
than at the resonance frequency.  
 
INTERACTIONS AT CELLULAR AND MOLECULAR LEVEL 
 
The absorbed energy is converted to the heat. The heat load of the body, however, 
remains within physical fluctuations, if the total Specific Absorption Rate (SAR) of the 
body remains below the present occupational limits of 0.4 W/kg for the whole body 
averaged absorption, and of 10 W/kg for a local absorption (average within 10 gram 
tissue). The corresponding limits for the general population are 0.08 W/kg and 2 W/kg,. 
For example, the maximum temperature increase on the surface of the brain in the 
vicinity of a mobile phone does not exceed 0.3 oC, if SAR is less than 2 W/kg.  
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Dosimetric calculations indicate that, due to variation dielectric properties, the local 
peak SAR may significantly exceed the 10 g average, within the cell dimensions by 
more than a factor of 10. This, however, does not result in any significant local thermal 
hot spot because the thermal diffusion effectively removes the heat energy from a small 
SAR hot spot. It has been speculated that radio-frequency (RF) energy in the 
biologically important macromolecules, such as DNA and proteins, could be coupled by 
some resonant mechanism to the oscillating RF electric field, but there is no plausible 
theory or experimental evidence to support these claims. Macromolecules are 
surrounded by weak but numerous bounds to water and other molecules and cannot 
freely oscillate in the electric field. Several others RF mechanisms, many of them based 
on direct E-field effects, have been formulated, but none has yet survived a closer 
scientific scrutiny to explain biological RF effects at environmental exposure levels. 
 
At the cellular level the cells have profound effect on the distribution of induced electric 
field. The cells are filled with relatively well conducting intracellular medium, which is 
separated from a similar extracellular medium by an insulating lipid layer membrane. 
Below 100 kHz the electric field and current does not penetrate the membrane, but flow 
around the cell surface. Consequently the voltage associated with the induced electric 
field concentrates over the membrane. The voltage is directly proportional to the length 
of the cell up to ca. 1 cm. Because the membrane is very thin (approx. 10 nm) the 
transmembrane-induced voltage generates significant electric field inside the 
membrane. The neurons and other electrically excitably cells contain ionic channels, 
which are sensitive to the transmembrane electric field. If the resting voltage 
depolarizes more than 10 mV, the electric force on the charged proteins may change the 
conformation of the protein and trigger the channel to the open state resulting in the 
generation of action potential. In terms of induced electric field the stimulation 
threshold is in minimum (2 V/m) from at the 10 to 1 kHz frequency range. This well-
known electrical stimulation clearly shows that at low frequencies the tissues are more 
sensitive to the electric field than to the accumulation of the heat energy. In addition to 
the classic stimulation there is good evidence that the neural networks in the central 
nervous system are more sensitive to the electric field than single neurons alone. This is 
clearly indicated by magnetophosphenes, which occur when a magnetically induced 
electric field exceeds 0.1 V/m in the retina at ELF frequencies. It is believed that these 
effects are due to the spatial addition of small induced voltages in the synapses. 
 
At low frequencies there is more uncertainty on the threshold of established biological 
effects than in the RF range. Perhaps this is due to the basic difference in interaction 
mechanisms. In the RF range the effects are due to accumulation of thermal energy, 
which is roughly proportional to the square of the induced electric field, while at low 
frequencies the effects are proportional to the induced electric field itself. 
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INTRODUCTION

Exposure to EM (electromagnetic) radiation causes absorption of EM power to biologi-
cal tissues. The amount of absorption is usually measured via Specific Absorption Rate
(SAR) [W/kg]. Limits have been set up for acceptable SAR doses and reference levels by
e.g. ICNIRP (International Commission on Non-Ionizing Radiation Protection). If a ref-
erence level is exceeded in an exposure setup (e.g. human near a base-station antenna), it
is necessary to check the SAR values, i.e., do they exceed the basic limits. Measurement
of SAR inside living humans is impossible, at least nowadays. Thus, in practice, SAR
values are often estimated via modeling.
Currently, an international exposure assessment standard IEC 62232 is under develop-
ment. This standard will include measurement and computation protocols of RF fields
and SAR. The standard, based on latest research and experience, also requires that full
uncertainty budget of a SAR assessment can be determined. In this work, data is created
which helps creating an uncertainty budget of SAR assessment. To be more specific, in
the ongoing project, several physical parameters of planewave exposure setup are varied
as the SAR values are computed. Information is obtained on how the SAR values depend
on the human body size and type, field polarisation, wave incoming angle, and frequency.
The ongoing project is part of the MMF-GSMA Dosimetry Program Phase II (MMF:
Mobile Manufacturers Forum, GSMA: GSM Association).

METHODS

The involved human body models are anatomically realistic voxel models. Tissue types
are specified via tissue density %, conductivity σ and permittivity ε. Electrical parameters
σ and ε are frequency dependent. SAR computation is based on Finite-Difference Time-
Domain (FDTD) method: a parallel FDTD code is run at selected point frequencies to
obtain necessary field values inside the body which are further processed to obtain elec-
tromagnetic power loss inside the tissues. Power loss is then averaged over mass to obtain
the required SAR values, for example, the whole-body-averaged SAR (WBASAR). Other
important SAR data are 1g-averaged SAR and 10g-averaged SAR distributions, max(1g-
SAR), max(10g-SAR), and locations of SAR maxima in the body. Actually, SAR maxima
are separately computed for head/trunk region and for the limbs.
The parallel FDTD solver is run in CSC’s HP supercluster “Murska” (parallel batch jobs).
Power loss and SAR computation codes are run as serial batch jobs. The manipulation
and preparation of the human body models for FDTD-SAR computation, as well as the
creation of input files and batch-script files, is done using Matlab (user interface). The
computation and user interface codes have been developed in TKK. CSC has helped in
the FDTD code optimisation.
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EXAMPLE RESULTS

Actually, all the SAR key figures are required at 300, 450, 900, 2100, 3500 and 5000
MHz, for horisontal and vertical polarisation. The number of required incoming angles
(Fig.1) depends on the model. As an example, Fig. 2 shows some WBASAR results at
2100 MHz for vertical polarisation.
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Figure 1: Plane wave incoming angles in horisontal and vertical plane.
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Figure 2: Example WBASAR results
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INTRODUCTION

The QuESpace project aims to quantify energy circulation in space plasmas. Scientifi-
cally, energy transfer is a fundamental plasma physical problem having many applications
in a variety of plasma environments ranging from coronal heating on the Sun to electric
heating in the ionosphere. Technologically, understanding the plasma and energy trans-
port properties is a step toward predictions of the space environment needed for spacecraft
design and operations. The space physics community lacks an accurate and self-consistent
numerical model capable of describing the global plasma system in particular in the inner
magnetosphere, where major magnetic storms can cause serious damage to space-borne
technology. The project has two goals:

1. Novel integration of observations from ESA’s four-spacecraft Cluster mission with
simulation results to gain quantitative understanding of global energy transport
properties in the near-Earth space; and

2. Development of a new self-consistent global plasma simulation that describes multi-
component and multi-temperature plasmas to resolve non-MHD processes that cur-
rently cannot be self-consistently described by the existing global plasma simula-
tions.

The new simulation methods are now feasible due to the increased computational capa-
bilities. Our existing simulation environment and unique analysis methods have brought
exciting new results on magnetospheric energy circulation. Seven years after launch, the
Cluster database is now large enough to quantitatively assess these effects. The QuESpace
team has a long record in observational research of global energetics and a world-leading
role in developing global magnetospheric computer simulations.

THE QUESPACE PROJECT

WORK PACKAGE 1

Quantitative analyses of our global magnetohydrodynamic (MHD) simulations have re-
cently produced results that agree with earlier observational studies [1], but also suggest
new phenomena that have not been reported before: The maximal energy transfer is ob-
served to occur during southward interplanetary magnetic field; however, we also dis-
covered a "hysteresis" effect, where energy transfer seems to depend on earlier enhanced
activity [2]. The MHD simulations also suggest that the electromagnetic energy focussing
controls both temporal and spatial features of the energy transfer, and that reconnection
depends on the solar wind dynamic pressure [3].
In Work package 1 we combine simulation results with the data gathered by the Cluster
mission launched by the European Space Agency.
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WORK PACKAGE 2

Global MHD simulations have been successful in describing systems where the important
spatial scales are larger than ion gyro radii and the plasma has a well defined tempera-
ture. The weakness of global MHD simulations is their inability to model the multi-
temperature, multicomponent plasmas in the inner magnetosphere, where most of space-
borne technology, including communication and navigation systems reside. Two pos-
sibilities exist to overcome the problem: 1) To couple the MHD simulation to a code
modelling the inner magnetosphere [4], or 2) to develop a self-consistent global simula-
tion based on another plasma description. The first, still somewhat limited, attempts for
hybrid simulations are being made for the Earth [5].
Coupling different codes carries a risk that the effects of the coupling scheme dominates
over the improved physics. On the other hand, hybrid codes are noisy due to the limited
number of ions that can be launched in the simulation. In Work package 2 we will develop
a Vlasov-hybrid simulation, where electrons are fluid and ions are Vlasov-fluid modelled
by distribution functions. With such a simulation, we will be able to describe multiple ion
populations without noise and in scales unreachable by MHD. With the Vlasov-hybrid
simulation, we will address energy transport and reconnection dynamics, but will also
expand to other effects related to the instability and wave modes that the simulation can
resolve.
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Sironnan inversio-ongelmissa tavoitteena on selvittää kohteen ominaisuuksia siron-
neesta kentästä tehtyjen mittausten avulla. Viime vuosina esteen kantajan rekon-
struoiminen kaukokenttämittauksista on ollut aktiivisen tutkimuksen kohteena.

Lineaarisessa näytemenetelmässä ja Faktorointimenetelmässä (Linear sampling met-
hod [1], Factorization method [2]) esteen kantaja selvitetään tutkimalla näytepisteis-
sä z yhtälön

Ffz = gz (1)

ratkeavuutta. Tässä matriisi F muodostetaan mittausten avulla ja oikea puoli gz on
pisteessä z olevan lähteen kaukokenttä. Mikäli (1) on ratkeava, niin päätellään z ole-
van esteessä. Koska numeerisesti (1) ratkeaa pseudoinverssinä aina, niin käytännössä
tehtävän tulos on regularisoidusta ratkaisusta fz muodostettu indikaattorifunktio

I(z) = ‖fz‖. (2)

Singulaaristen lähteiden menetelmässä [3] muodostetaan Herglotz-aaltojen avulla
“virtuaalinen” pistelähde näytepisteeseen z. Kaukokentän mittausoperaattorin F
avulla voidaan esteestä sironnutta kenttää mitata “virtuaalisesti” pisteessä z kau-
kokentästä käsin. Kun näytepiste lähestyy esteen reunaa, sironneen kentän voimak-
kuus kasvaa. Menetelmän numeerinen hankaluus on siinä, että virtuaalisen pisteläh-
teen kenttä voidaan Herglotz-aaltojen avulla muodostaaa vain rajoitettuun testialu-
eeseen. Näytepisteen z varioimisen lisäksi, joudutaan laskennallista aluetta luotaa-
maan eri testialueilla.

Esitelmässä käsiteltävä Seisovien aaltojen menetelmä [4] on numeerinen menetelmä
sirottajan reunan laskemiseksi. Menetelmä on sukua singulaaristen lähteiden me-
netelmälle, mutta siinä päästään eroon testialueen käyttämisestä luopumalla virtu-
aalisen lähdekentän singulaarisuudesta. Näytepisteen z ympärille voidaan Herglotz-
aaltojen avulla muodostaa helposti seisova aalto täysavaruuteen, joka ei tosin ole
singulaarinen, mutta on suhteessa“suuri”näytepisteessä ja vaimenee etäisyyden kas-
vaessa. Seisovien aaltojen menetelmässä ei myöskään tarvitse ratkaista (1) -tyyppistä
yhtälöä, vaan indikaattorifunktio on numeerisesti nopeasti laskettavissa oleva

I(z) = Ffz · fz,

missä fz on sopiva Herglotz-tiheys.
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INTRODUCTION

Very Long Baseline Interferometry (VLBI) provides the highest spatial resolution in as-
tronomy. The resolution is related to the distance between telescopes in wavelengths.
Therefore, resolution can be improved either by increasing the observing frequency (mm-
VLBI) or the baseline between antennas. Currently, the highest frequency band that can
be used for routine VLBI observations is 86 GHz, limited by the atmosphere and in many
cases the source spectra. Therefore, for many astronomical problems, exceeding the limits
of the earth diameter and using and orbiting antenna is the only solution.

OBSERVATIONS WITH HALCA

The Highly Advanced Laboratory for Communications and Astronomy (HALCA) radio
astronomy satellite was launched by the Institute of Space and Astronautical Science in
1997 February to participate in Very Long Baseline Interferometry (VLBI) observations
with arrays of ground radio telescopes. HALCA provides the longest baselines of the
VLBI Space Observatory Programme (VSOP), an international endeavor that has involved
over 28 ground radio telescopes, five tracking stations, and three correlators [1]. HALCA
was placed in an orbit with an apogee height above the Earth’s surface of 21,400 km, a
perigee height of 560 km, and an orbital period of 6.3 hr, Fig. 1. During the 7 years of
HALCA’s mission lifetime, about 75% of observing time was used for projects selected
by international peer review from open proposals. This part of the scientific program
of the mission constituted the general observing time. The remaining time was devoted
to a mission-led survey of active galactic nuclei (AGNs) at 5 GHz: the VSOP Survey

Figure 1: Generating a telescope larger than the earth: HALCA satellite of the Japanese-
led VSOP program.
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Figure 2: An example of the survey program results, active galactic nucleus imaged at 5
GHz with a resolution of 500 x 200 microarcseconds.

Program. The major goal of the survey was to determine the statistical properties of the
submilliarcsecond structure of a complete sample of AGNs, Fig. 2 [2].

FUTURE SPACE-VLBI PROJECTS

The Japanese-led VSOP-2 mission, to be launched in 2012, consists of an orbiting ASTRO-
G radio telescope operating with ground based VLBI arrays. It will be able to image
the innermost parts of both protostars and AGN accretions discs (whose linear sizes are
thought to be less than 1 AU and light days to light months) as well as image the base of
relativistic jets which emanate from the central region of radio-loud AGN such as radio-
galaxies and quasars at a linear resolution of a few light-years. The VSOP-2 images will
have an angular resolution down to 40 microarcseconds (43 GHz) which is better by a
factor of 2-3 compared to ground based VLBI images.
Russian Radioastron-project has recently re-funded after a long hibernation. It will be
launched to an extremely high elliptical orbit of 350 000 km. Although at the apogee,
imaging is extremely challenging, if not impossible, it will reach to a nominal resolution
of around 5 microarcseconds at 22 GHz.
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ESSENTIAL EQUATIONS IN CIRCUIT ANALYSIS
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INTRODUCTION

Usually the special program is needed for circuit analysis. This report includes essential
information  concerning  ladder  circuits.  They  can  be  used  in  spreadsheet  or  more
effective mathematical programs.

IMPEDANCES, CHAIN MATRIXES AND SCATTERING PARAMETERS

Lumped components are resistors, inductors and capacitors. They form impedances and
admittances.  The  whole  circuit  is  usually  characterized  with  scattering  parameters.
Chain matrixes are needed as intermediate results. Following figure and equations show
the basic circuits, immittances and chain matrixes.
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R4

Figure 1.  Basic lumped circuits.
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Important  transmission  line  circuits  are  stubs,  which  can  be  shorted,  open,  capacitor
ended  and  capacitor  coupled.  The  equations  include  hyperbolic  functions.  The
arguments are propagation coefficient and line length.

Z8

Z5

Z6 Z7

Z9C8

C9

Figure 2.  Basic transmission line circuits.
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The  scattering  coefficients  can  be  calculated  from  the  chain  matrix.  Source  and  load
impedances have to be defined.
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Recent achievements at Metsähovi Radio Observatory 
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Email: Jouko.Ritakari@tkk.fi 
 
INTRODUCTION 
 
To get good results in radio astronomy we very often have to develop our own 
equipment. This is a description of such a process and the serendipitous discoveries we 
made on the way. 
 
HIGH-SPEED DATA ACQUISITION 
 
To get a better signal-to-noise ratio in radio astronomy and especially in very long 
baseline interferometry the easiest way is to increase bandwidth and data rate. We had 
already designed our own 512 Mbps recorder six years ago using a normal Linux 
computer.  
This time our design goal was to reach four or even eight Gbps. For feasibility we 
decided use standard 10-Gbps Ethernet links. Sampled RF data is sent to 10GbE with 
boards developed by the SETI@home group in UC Berkeley. Together with the UC 
Berkeley team and Jodrell Bank Observatory in United Kingdom we developed a 
suitable data acquisition and UDP/IP streaming firmware [1].  
After several months of disk recorder testing we have managed to get the recording to 
work at 4-5 Gbps speeds. These results are documented in a separate paper [2]. 
 
HIGH-SPEED DATA TRANSFER 
 
The normal TCP/IP protocol is woefully inadequate for our needs. As a starting point 
for a much faster protocol we adopted Tsunami UDP developed in the Indiana 
University, USA. Four years ago we could demonstrate 512 Mbps rates over the plain 
old Internet.  
With our new hardware-based UDP/IP packetizer much higher speeds had become 
feasible. During a workshop in Shanghai we decided to perform an ad-hoc ultra-fast 
streaming demo from Metsähovi to Onsala, Sweden. We got permission from the Funet, 
Sunet and Nordunet networks to fill their 10 Gbps trunk lines with up to 8 Gbps of our 
data. The same lines were simultaneously handling all the academic traffic between the 
Nordic countries. The demonstration was a spectacular success, see Fig. 1. 
 
SCIENTIFIC RESULTS 
 
The new equipment found immediate use in the search for the Kronian water and ESA 
Venus Express satellite tracking experiments, both by Sergei Pogrebenko et al, Jive, 
Netherlands. Metsähovi participated in the measurements and in the development of 
algorithms. A graph of the results is in Fig. 2, they show that it is possible to track a 
satellite to 100 earth-sun distances even with a small telescope like Metsähovi [3]. 
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Figure 1:  
Real-time Internet 
data streaming at 6 
and 8 Gbps using the 
Metsähovi system. 
Plots © Nordunet. 

 
Figure 2: Results of the Metsähovi, JIVE phase-referenced satellite tracking demo allow 
GPS-like tracking beyond 100 earth-sun distances. 
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INTRODUCTION

The geometry of the problem involves a homogeneous sphere ofconductivityσb and
radiusb, covered by a concentric layer of conductivityσa and radiusa. The ambient
medium is nonconducting,σ = 0. A point dipoleQδ(r − τ ) inside the homogeneous
sphere provokes a volume current, which can be observed fromthe electric field on the
exterior surfacer = a. The geometry models approximately the human head in EEG, for
example. The BVP reads

∆u(r) = 0, r > a, (1)
∆ua(r) = 0, b < r < a, (2)

σb∆ub(r) = ∇ ·Qδ(r− τ ), 0 ≤ r < b. (3)

with the interface conditions:

u(r) = ua(r),
∂ua(r)

∂r
= 0, r = a (4)

ua(r) = ub(r), σa
∂ua(r)

∂r
= σa

∂ub(r)

∂r
, r = b, (5)

also requiringu(r) = O( 1
r2 ) asr →∞. The solution can be written

u(r) =
∞∑

n=1

(2n + 1)2

4πnDnτa
(
τ

a
)n

[
(Qx cos ϕ + Qy sin ϕ)P1

n(cos θ) + QznPn(cos θ)
]

(6)

with Dn =
[
(n + 1)(σb − σa)(b/a)2n+1 + (n + 1)σa + nσb

]
.

IMAGE SOURCE

Next, an image dipole distributionRim(t) in the intervalt ∈ [0, τ ] is determined that
produces the potential (6). For the inversion, integral transformations given in [1, 2] are
employed. The result is

Rim(t) =
σbQ

(σa + σb)

∞∑

k=0

(σa − σb)
k

(σa + σb)k
(
b

a
)k

[
4(

b

a
)2kδ

(
t− (

b

a
)2kτ

)
+

αk

τ
u

(
0, t, (

b

a
)2kτ

)
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+
(a2kt

b2kτ

)−σa/(σa+σb)
k+1∑

i=1

βk,i

τ(i− 1)!

(
ln(

b2kτ

a2kt
)
)i−1 u

(
0, t, (

b

a
)2kτ

)]
, (7)

where

αk = lim
s→0

(2s + 1)2(s + 1)k − 4s(s + σa

σa+σb
)k+1

(s + σa

σa+σb
)k+1

=
(σb + σa)

k+1

σk+1
a

, (8)

βk,i = lim
s→− σa

σa+σb

dk+1−i

dsk+1−i

[
(2s + 1)2(s + 1)k − 4s(s + σa

σa+σb
)k+1

(k + 1− i)! s

]
, ∀i = 1, . . . , k+1.

(9)

IMAGE BASED POTENTIAL

The image based potential on the surfacer = a may be written:

uim(r) ≈ 1

4π

N∑

k=0

(σa − σb)
k

(σa + σb)k+1
(
b

a
)k

[
4(

b

a
)2k Q · (r− ( b

a
)2kτ ẑ)

|r− ( b
a
)2kτ ẑ|3

+
αkQ · r

τa2 sin2 θ

(
τ(b/a)2k − a cos θ

|r− ( b
a
)2kτ ẑ| + cos θ

)
− αkQ · ẑ

τa sin2 θ

(
τ(b/a)2k cos θ − a

|r− ( b
a
)2kτ ẑ| + 1

)

+
k+1∑

i=1

βk,i

(σa + σb

σb

)i
(
b

a
)2k

Q · (r− ( σa

σa+2σb
)i( b

a
)2kτ ẑ)

|r− ( σa

σa+2σb
)i( b

a
)2kτ ẑ|3

]
,

where the number of terms of the sumN required for convergence depends on the ratios
τ : a, b : a, as well as on the relative contrast between the conductivities, i.e. of (σa −
σb)/(σa +σb). In effect, the larger the conductivity contrast, the more excentric the source
and the thinner the layer, the more terms are needed in the expansion.

The numerical example below illustrates the potentialuim and the imageRim whena = 1,
b = 0.6, τ = 0.5, andσa = 1, σb = 5, and the source isQ = 1x̂ + 0ŷ + 0ẑ. Details are
discussed in the presentation.
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INTRODUCTION

Magnetic resonance imaging (MRI) enables non-invasive imaging of the human brain.
In high fields (ca 1 T and above), MR images have exquisite signal-to-noise ratio (SNR)
and contrast. In low fields (ca 100 µT and below), the SNR is compromised but other
advantages resulting from the weaker magnetic field, such as combination with mag-
netoencephalography (MEG), appear. Simultaneous MEG and MRI constitute a hybrid
brain imaging modality (MEG-MRI) with both functional and anatomic information.

HARDWARE AND METHODS

In high-field MRI, the main coil is usually superconducting. In low fields, the coils used
for sample polarization and for maintaining the sample magnetization precession during
measurement can be resistive. In addition, the relative homogeneity requirements are
several orders of magnitude lower. However, in high fields, resistive detector coils can
be used, whereas superconducting detectors are needed in low fields. This is because
Faraday induction works better with rapidly oscillating magnetic fields (ca 1 MHz and
above, in high fields) than with slowly oscillating fields (ca 10 kHz or less, in low fields).
In high fields, the main magnetic field is constantly on and the free induction decay (FID)
signals are initiated with radio-frequency pulses. In low fields, the setting can be the same,
or, two orthogonal coils can be used: a polarization coil and a measurement coil of which
the former is on only during polarization.
In low fields, superconducting quantum interference devices (SQUIDs) are used as detec-
tors due to their sensitivity (down to 1 fT/

√
Hz) [1]. Another, emerging, detector is the

mixed sensor whose 1/ f noise has prevented its usage so far at low frequencies f [2].
A big advantage is that SQUIDs and mixed sensors can be used in both low-field MRI
and MEG. In the MEG-MRI imaging setting, a magnetically shielded room is needed for
exclusion of the earth’s magnetic field and external electromagnetic noise.
Parallel MRI is an established and rapidly developing area of high-field MRI. An array of
receive coils can be used for diminishing imaging time. In MEG-MRI, by default, several
superconducting detectors are positioned around the head. The detectors’ differing spatial
profiles can be used for spatial encoding, and reduction in imaging time, as in high fields.
In low fields, the absence of susceptibility effects improves image quality [3]. An im-
provement of T1 contrast can also be achieved [4]. Furthermore, the low-field line width
is several orders of magnitude narrower than in high fields. MEG-MRI combines the two
imaging modalities in the same physical coordinate system, which makes MEG source

XXXI Finnish URSI Convention on Radio Science and Electromagnetics 2008 Meeting

65



a b

Figure 1: MRI images of the same brain: at 46 µT (a) and at 1.5 T (b) [5], with permission.

localization more accurate. The low-field MRI images may be matched with high-field
images to gain anatomic detail. For a comparison between such images, see Fig. 1.
Challenges are posed by the used electromagnetic fields to the ultra-sensitive detectors
and signal processing — e.g. as the polarization field switches on and off. Also, according
to Maxwell’s equations, any magnetic field gradient causes concomitant gradients. Such
effects due to position encoding gradients may degrade image quality.

SAFETY

Low-field MRI reduces the risk of metallic projectiles and enables the imaging of subjects
with metallic implants. The weaker position encoding gradients also reduce the acoustic
noise considerably compared to high-field MRI. Both MEG and MRI are non-invasive
imaging modalities and so is their combination.

DISCUSSION

MEG-MRI offers a completely new imaging modality with unique advantages such as
improved T1 contrast. Low-field MRI features cheaper and safer equipment. MEG reveals
functional information from the brain down to millisecond resolution. MEG-MRI offers
multichannel data which can be used to speed up low-field MRI measurements. MEG-
MRI with seven SQUIDs has already been demonstrated — systems with larger arrays
of SQUIDs are under development. A 4-year project (called MEGMRI) funded by the
European Union is running at Helsinki University of Technology since May 2008.
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Abstract

The dipole shape optimization problem is studied using discretized electric field
integral equation as solution method for time-harmonic Maxwell’s equations. A well
justified shape representation method is presented. Finally, numerical solutions to the
shape optimization problem are presented together with directivities and impedances
of the resulting dipole antennas.

INTRODUCTION

Due to increase in computing power it has become feasible to optimize shapes of curved
dipole antennas with high number of degrees of freedom for shape representation.
Despite increased computing power, the shape of the antenna should approximated with
minimal number of degrees of freedom and the scattering problem associated with the
shape approximant should be easy to solve numerically.
Solutions to the optimization problem are a new near-11

2
wavelength curved dipole an-

tenna and an antenna closely resembling the one in [1]. The latter shape resembles also
the classic curved dipole antenna presented in [2].

ANTENNA MODEL AND DISCRETIZATION

The reference antenna is modelled as a perfect electric conductor (PEC) cylinder and the
time harmonic Maxwell’s field equations are solved using electric field integral equation
for PEC [3] which is discretized using Galerkin’s method and RWG basis functions [4].
The PEC cylinder is meshed as a triangulated octagonal cylinder with circumference equal
to cylinder with diameter of λ

100
. Such a mesh has 972 faces and 1458 edges.

SHAPE REPRESENTATION

The shape of the antenna is sought as a symmetric arc-length parametrisable plane curve.
Such curves can be approximated by curves with piecewise constant curvature function
κ. Thus, the coordinates φ(t) = [φ1(t), φ2(t)] in R2 of the curve with parameter value t
are given by {

φ1(t) =
∫ t

0
cos(

∫ s
0
κ(τ)dτ)ds

φ2(t) =
∫ t

0
sin(
∫ s

0
κ(τ)dτ)ds

. (1)

The best property of this method is that it can produce antennas that can curve “back-
wards” while still producing meshes where triangles are well shaped. Additionally, it
turns out that any continuously differentiable arc-length parametrisable plane curve can
be approximated with this method.

XXXI Finnish URSI Convention on Radio Science and Electromagnetics 2008 Meeting

67



−0.5 −0.4 −0.3 −0.2 −0.1 0 0.1 0.2 0.3 0.4 0.5
0

0.1

0.2

0.3

(a) The antenna shape with impedance target.

−0.6 −0.4 −0.2 0 0.2 0.4 0.6
0

0.1

0.2

0.3

(b) The antenna shape without impedance target.

Figure 1: Optimization solution directivities and impedances. Length units are in wave-
lengths.

OPTIMIZATION AND RESULTS

The used optimization algorithm was BFGS (Broyden-Fletcher-Goldfarb-Shanno) with
constraints to ensure that the curve does not bend too much and it’s length stays bounded
from above and below.
The new antenna shape was produced by optimizing directivity and impedance simultane-
ously while for the previously presented antenna [1], [2] only directivity was optimized.
For the antenna with impedance goal the length is constrained to 1.1λ . . . 1.9λ which
yields an antenna of length 1.554λ. The directivity and impedance of the resulting antenna
are 7.165dB and 75Ω and its shape is presented in Fig. 1(a).
Without the impedance target the length of the antenna is constrained to 11

2
λ. The direc-

tivity and impedance of the result are 7.198dB and (105+i18)Ω and its shape is presented
in Fig. 1(b).

CONCLUSION

By using good antenna shape representation method, a wide class of smooth wire dipoles
can be obtained and the impedance tuning of the antenna can be done by changing the
shape and length of the antenna while still retaining the desired directivity properties.
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INTRODUCTION

Beginning from 2001 Metsähovi Radio Observatory has had a radiotelescope (diameter
of disk is 1,8 m) for the continuous Sun’s total intensity measurements. Radiotelescopes’s
receiving frequency (center frequency) is 11,2 GHz (beam size 81,6 arcmin) and band-
width is 1 GHz. Estimated temperature of the quiet Sun level is 12000 K. The main
function of radiotelescope has been to detect solar flares/bursts and observe average level
of total intensity [1].

Metsähovi has also a large radiotelescope (diameter of diskis 14 m) which can be use for
the Sun measurements. With bigger radiotelescope is it possible to make the scans of solar
disk or do the tracks from certain objects of solar disk. Usedobservation frequencies are
36,8 GHz and 86 GHz, respectively beam sizes are 2,5 arcmin and 1,05 arcmin. Estimated
temperature of the quiet Sun level at 36,8 GHz is 7800 K and at 86 GHz is 7200 K. Total
observation days with large radiotelescope vary between 20-30 days per year during the
summer months.

RECENT TECHNICAL UPGRADES AND SCIENTIFIC STUDIES

Recent technical developments have been related to the Metsähovi’s small radiotelescope.
The main problems have been related to the telescopes pointing, calibration and especially
the cause of harmful weather effects. Recent improvements have been related to find
solutions for these problems. Other research subject has been to understand the behaviour
of the radiotelescope itself; separate the radiotelescope’s own noise from desired received
signal, and try to find some levels for them [2].

Recent scientific studies have related to find solar oscillations using both Metsähovi ra-
diotelescopes’s. We have been studying solar oscillationsof the regions quiet Sun level,
active regions (like sunspots) and ETRs (Enhanced Temperature Regions) in the polar
zones of the Sun.

Figure 1 is illustrating the results as an example of the solar oscillations from ETR in the
polar zone of the Sun (observed in 23/07/08). Observation has been done with Metsähovi
large radiotelescopes’s by tracking ETR during 2,5 hours. Data (spectrum) has been ob-
tained with FFT (Fast Fourier Transform) analysis. This example shows the oscillations
in intervals 3 min, 5 min, 10 min and 15 min. 3 minutes oscillations have been found only
one case before us [3].

CONCLUSIONS

We found technical solutions for some problems of the small radiotelescopes. Also we
have found some new possibilities and approaches to do solarobservations.
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Figure 1: Oscillation intervals (frequencies) in the ETR inthe polar zone of the Sun.

We have found solar oscillations at frequencies 5,6 mHz (3 min), 3,3 mHz (5 min), 1,7
mHz (10 min) and 1,1 mHz (15 min). Also longer scale variations (40-60 min) have been
found [4].
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INTRODUCTION

Measured or simulated radiation patterns of antennas are typically represented on a reg-
ular grid in the spherical coordinate system. When such datais rotated, the density of
the far-field data in the new coordinate system varies greatly. For example, if the newz
axis is pointing to the oldx axis direction, there are much fewer measurement points near
the new north pole than there was for the north pole of the original data, which makes
standard Cartesian interpolation difficult.

In this paper we examine the use of spherical harmonic expansions to represent the far-
field antenna radiation patterns and thereby giving easy tools for rotating and interpolating
the data. The results can also be used in sensor array signal processing algorithms.

SPHERICAL HARMONIC EXPANSIONS

In the near and far fields it is possible to represent the fieldscaused by the antennas using
the spherical wave expansions, i.e. as a sum of vector spherical wave functions [3]. In
these expansions, the number of terms must be controlled carefully in order to catch all
the energy in the fields but to avoid any numerical problems caused by the use of too
many terms [3].

In this paper we represent the far field using scalar spherical harmonic expansions with
vector coefficients as introduced in [2]. The authors only discussed the representation of
far-field patterns from simulations but the methodology caneasily be applied to measured
radiation pattern data as well.

The spherical harmonics are defined by

Y m
l (θ, φ) = blmP m

l (cos θ)eimφ,

whereblm are normalization coefficients,P m
l (cos θ) are the associated Legendre functions

of the first kind [1], andl is the degree andm the order of the expansion.

The expansion of the far field in terms of vector coefficientsalm is given by

E(r̂) =
∞∑

l=0

l∑

m=−l

almY m
l (r̂) (1)

wherer̂ is the unit vector to the direction represented byθ andφ.
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Figure 1: Left: convergence of the spherical harmonic expansion. Relative error is defined
as‖Em − Er‖/‖Em‖ where the subscripts refer to measured and reconstructed fields.
Right: magnitudes of the coefficients.

Due to the orthogonality of the spherical harmonics, integration of the far field with the
spherical harmonics would give the vector coefficients directly. However, to cope with
incomplete measurement data we obtained the coefficients from a least squares solution
of (1) for each of the Cartesian components separately.

Fig. 1 shows the convergence of the expansion for a measured radiation pattern of an
antenna array and the values of the expansion coefficients. In the comparison, ther com-
ponent in the expansion has been neglected. The plots show that most of the energy is
concentrated in the low degree modes and adding more modes reduces the reconstruc-
tion error. For measurement data there is an optimal number of levels yielding the best
representation of the field if the dominating error is measurement noise.

ROTATION AND INTERPOLATION

It is very simple to rotate a radiation pattern expressed using the spherical harmonics.
Instead of rotating the pattern itself, consider the pattern as fixed and rotate the new coor-
dinate system with respect to the pattern. Then transform the grid of the new coordinate
system to the original coordinate system and just read the value of the spherical harmonic
expansion. Interpolation also comes naturally in this procedure.

Many measurement systems are not able to measure the whole spherical surface. With
the current method the incomplete measurement data can be easily fitted to the spherical
harmonic expansion and then extrapolated beyond the original measurement area. Fur-
thermore, it is not required to measure the radiation pattern in an equidistant angular grid.
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JOHDANTO

Geomagneettisesti indusoituvat virrat (geomagneticallyinduced current, GIC) sähköver-
koissa, maakaasu- ja öljyputkissa ja muissa sähköä johtavissa teknisissä järjestelmissä
kuuluvat avaruussään maanpintavaikutuksiin. Virtojen ensisijainen aiheuttaja on Maan
magneettikentän nopea ajallinen vaihtelu. Suurimmat GIC:tesiintyvät revontulialueella
ja sen läheisyydessä, jossa myös mahdollisten haittojen todennäköisyys on suurin. Ilmiö
on siksi erityisen kiinnostuksen kohteena suhteellisen tiheästi asutuilla alueilla Pohjois-
Euroopassa, Yhdysvalloissa ja Kanadassa. GIC-haittoja on kuitenkin havaittu myös alem-
milla leveysasteilla.

MALLINNUSMENETELMÄ

Mallinnusmenetelmä on periaatteessa suoraviivainen ja koostuu kahdesta vaiheesta. Mi-
tatusta magneettikentästä voidaan laskea maanpinnalla esiintyvä (horisontaalinen) sähkö-
kenttä, jos maan sähkönjohtavuus oletetaan tunnetuksi. Tämä vaihe on riippumaton tar-
kasteltavasta johdinjärjestelmästä. Sähkökentän aiheuttaman GIC:n määritys on sen jäl-
keen tasavirtaongelma johdinsysteemissä, jonka geometria ja vastukset tunnetaan.

GIC-mallinnus on tavallisesti perustunut tarkasteltavan johdinjärjestelmän alueella mitat-
tuun magneettikenttään. Joissain tapauksissa kiinnostuksen kohteena olevalta alueelta ei
ole saatavissa paikallisesti tai ajallisesti riittävän tiheää magneettista dataa. Tämä on-
gelma voidaan kiertää, jos mittauksia on tehty jossain muualla samoilla magneettisilla
leveysasteilla. Tilastolliset GIC-arviot onnistuvat tälläkin tavalla, koska magneettiken-
tän käyttäytyminen voidaan olettaa samanlaiseksi samoilla leveysasteilla. Tätä ideaa on
sovellettu arvioitaessa Kanadan Manitoban alueen suurjänniteverkon GIC:tä käyttämällä
Pohjois-Euroopassa toimivan IMAGE-verkon magneettisia mittauksia magneettisilla le-
veysasteilla 54-75. Ajallisesti aineisto kattaa vuodet 1996-2006 eli suunnilleen edellisen
auringonpilkkujakson.

ALUSTAVAT TULOKSET

Manitoba-projektin tärkeimmät ”tuotteet” ovat
1) Magneettikentän aikaderivaatandB/dt käyttäytymistä koskevat tilastot.
2) Mallinnetun sähkökentän käyttäytymistä koskevat tilastot.
3) Tietyssä verkkotilanteessa esiintyvän GIC:n tilastollinen käyttäytyminen verkon muun-
tajilla.
4) Suuren magneettisen myrskyn (29.-30.10.2003) yksityiskohtainen analyysi.
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Alustavien tulosten mukaan GIC:n tyypilliset piirteet Manitobassa ovat seuraavat:
1) Useilla muuntajilla GIC voi ylittää 100 A ja saavuttaa jopa 200 A arvon. Vertailun
vuoksi Suomen suurjänniteverkossa odotettavat arvot ovatnykyisin jonkin verran pienem-
piä, mutta suurin mitattu arvo on 201 A (vuonna 1991).
2) Suurimmat GIC-lukemat saavutettiin 29.-30.10.2003. Tämä tapaus on esimerkki eri-
tyisen pahasta tilanteesta sähköverkon kannalta. Kyseinen myrsky aiheutti Ruotsin Mal-
mössa sähkökatkon.
3) Keskimääräinen sähkökenttä kasvaa tarkastelualueellaetelästä pohjoiseen siten, että
pohjoisessa arvot ovat 4-5 kertaa suurempia kuin etelässä.Koko mallinnusjakson aikaiset
huippuarvot ovat silti suunnilleen yhtäsuuria koko alueella, josta hyvänä esimerkkinä on
lokakuun 2003 myrsky. Tämä merkitsee myös sitä, että GIC-riski koskee koko sähköverk-
koa.
4) GIC:n keskimääräinen vuorokausivaihtelu on pientä. Huippuarvot esiintyvät kuitenkin
todennäköisimmin keskellä yötä.
5) GIC-aktiivisuus oli suurimmillaan auringonpilkkujakson laskevan vaiheen aikana vuo-
sina 2003-2004. Yksittäisiä merkittäviä tapahtumia voi silti esiintyä missä tahansa pilk-
kujakson vaiheessa. Eri auringonpilkkujaksot voivat myöserota toisistaan selvästi.

GIC-mallinnus historiallisen datan avulla on teknisesti suhteellisen yksinkertainen tehtävä.
Fysikaalisesti ratkaisematon ongelma on GIC:n ennustaminen käyttäen lähtötietona reaali-
aikaisesti mitattuja aurinkotuulen ja muun lähiavaruudenkeskeisiä suureita. Periaatteessa
tilanne on deterministinen, mutta käytännössä magneettikentän aikaderivaatan ja siten
sähkökentän ja GIC:n ennustaminen aikasarjana on osoittautunut toistaiseksi mahdot-
tomaksi.

Kiitokset. Manitoba Hydro -yhtiö on tukenut tätä hanketta. KollegammeIan Mann, Ian
Ferguson ja David Boteler ovat tarjonneet paikallista asiantuntemustaan.
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Movement in a strong static magnetic field induces electric fields in human tissues. These
fields could potentially cause harmful effects. In this study, the fields induced by different
rotational movements of a head in a strong homogeneous magnetic field are computed
numerically. This topic is of particular interest for MRI procedures, during which medical
staff may have to move in the strong stray field of the superconducting magnet.

The movement-induced electric field can be solved by using quasistatic approximation by
dropping displacement current and self-induction. This leads to Poisson’s equation for
unknown scalar potential, which is solved using an efficientfinite-element method (FEM)
solver. In this study, the induced electric field is calculated in four different anatomically
realistic head models for three rotational movement patterns: shaking, nodding and tilting
motions.

The induced electric field may interact with the body by several mechanisms, which in-
clude magnetohydrodynamic forces, and sensory or nerve stimulation. The magnitudes
of the induced currents are small, so the resistive heating can be omitted. Currently, there
are no confirmed long-term biological hazards, and effects are limited to short-term reac-
tions. These short-term sensory effects include magnetic field induced vertigo (MFIV),
which is associated with head movement in a magnetic field. The mechanism behind the
vertigo-like effects is likely to be the induced galvanic vestibular stimulation (iGVS) [4]
by induced electric currents in the vestibular organs whichare located in the inner ear.

Another short-term sensory effect of extremely low frequency magnetic field is phosphenes,
i.e. seeing light flashes. It is likely to be caused by stimulation due to induced electric
fields in the retina, and is considered to have the lowest threshold for direct sensory ef-
fects. The lowest threshold for phosphenes occurrence is at20 Hz frequency, which is
of course outside the range of frequencies involved in natural movements. Fortunately,
due to the quasistatic approximation, the results for head movement are also valid for this
frequency.

The goal of this study is to produce information for approximating the threshold electric
field values of phosphenes and MFIV effects associated with movements of the head in a
static magnetic field. Average field magnitudes near the retinas and inner ears are studied
in order to gain insight into these effects. The results are compared with measurements
available in the literature [4], [5], and are used for approximating the threshold electric
field values for phosphenes and MFIV effects. Computed results are also compared to the
basic restriction limits in [1], [2] and [3] in order to estimate the compliance of different
rotational head movements in a strong static magnetic field,e.g. near MRI scanners.
Based on these results, it seems that the basic restriction limits may be exceeded by natural
movements near a MRI scanner.
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Solar radio type II bursts (i.e., bursts with frequency-drifting emission lanes, observed in
dynamic radio spectra) are rarely seen at frequencies higher than a few hundred MHz.
The mechanism behind the type II bursts is generally assumedto be a propagating shock
which creates electron beams that excite Langmuir waves, which in turn convert into radio
waves at the local plasma frequency and its second harmonic [1].

The exact relationship between solar flares, shocks, and coronal transients is still not
well understood, and it is of interest to know how shocks are initiated and under which
conditions radio type II bursts can be excited. In particular, how are high-frequency,
fragmented type II bursts created? Are there differences inshock acceleration or in the
surrounding medium that can explain the differences to the “typical” metric type IIs?
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Figure 1: HiRAS dynamic spectrum on 13 May 2001 (left). ’F’ notes emission at the
fundamental and ’H’ at the second harmonic plasma frequency. Arrows point to the frag-
mented emission bands and dashed white lines outline the later-appearing “regular” type
II burst lanes. EUV and soft X-ray observations (TRACE and Yohkoh satellites) of the
erupting region are shown on the right, see details in [2].

XXXI Finnish URSI Convention on Radio Science and Electromagnetics 2008 Meeting

79



7
8
9

10
2

2

3

4

5

6
7
8
9

10
3

F
re

qu
en

cy
,M

H
z

50 100 150 200 250 300 350 400

Time, seconds

Run A

Run B

Run C

Compression
ratio

1.5
2.0
2.5
3.0
3.5

Figure 2: Radio track of the three different simulation runs. The size of the marker
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METHOD and ANALYSIS

We have analysed one unusual metric type II event in detail, with comparison to white-
light, EUV, and X-ray observations. The radio dynamic spectrum and the eruption region
are shown in Fig. 1. We then utilized numerical MHD simulations to study the shock
structure induced by a coronal mass ejection (CME), in a model corona including dense
loops. The details of the model are presented in [3]. Fig. 2 shows the radio emission
produced by a shock (with three different simulation runs),assuming that the emission is
produced immediately in front of the CME leading edge shock.The emission lanes show
a frequency drop in accordance with the exponentially decreasing density of the ambient
corona.

RESULTS

Our simulations show that the fragmented part of the type II burst can be formed when a
coronal shock driven by a CME passes through a system of denseloops overlying the ac-
tive region [2]. To produce fragmented emission, the conditions for plasma emission have
to be more favourable inside the loop than in the interloop area. The obvious hypothesis,
consistent with our simulation model, is that the shock strength decreases significantly in
the space between the denser loops. The later, more typical type II burst appears when the
shock exits the dense loop system and finally, outside the active region, the type II burst
dies out when the changing geometry no longer favours the electron shock-acceleration.
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INTRODUCTION

A novel set of boundary conditions, requiring vanishing of the normal components of
the D and B vectors at the boundary surface, is suggested. Labeled as DB boundary its
basic properties are studied in this paper. Reflection of any plane wave with complex
propagation factor from the planar DB boundary is analyzed. It is shown that waves
polarized TE and TM with respect to the normal of the boundary are reflected as from
PEC and PMC planes, respectively and the same is valid for any field outside the sources.
Realization of such a boundary is discussed.

BOUNDARY CONDITIONS

Electromagnetic problems bounded by some closed surface S require boundary condi-
tions at S for the fields to have unique solutions. Let us assume S is the plane z = 0
plus the infinite half sphere around the half space z > 0. For time-harmonic fields with
sources at the finite distance from the origin the boundary conditions at the infinite half
sphere are the well-known radiation conditions requiring vanishing of field as 1/r. At the
plane z = 0 linear conditions would require two scalar equations for the electromagnetic
field vectors. Let us list a few such conditions. Here the subscript t denotes component
transverse to the normal unit vector uz.

• The PEC condition Et = 0 or ux · E = 0 and uy · E = 0

• The PMC condition Ht = 0 or ux · E = 0 and uy · E = 0

• The PEMC condition (H +ME)t = 0

• The soft-and-hard condition ux · E = 0 and ux ·H = 0

• The impedance condition (E + Z ·H)t = 0 for some surface impedance dyadic Zs

All of the previous conditions were associated to the electromagnetic field vectors E and
H. Let us now form another set of boundary conditions for the vectors D and B by
defining

uz ·D = 0, uz ·B = 0. (1)
Let us call such a boundary by the name DB boundary for brevity.
The corresponding conditions for the E and H vectors depends on the medium in the half
space z > 0. Assuming simple isotropic medium with permittivity ε and permeability µ,
(1) is equivalent with the conditions

uz · E = 0, uz ·H = 0. (2)

The same is also valid for general bi-isotropic media.
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REFLECTION FROM IDEAL DB BOUNDARY

To see how a plane wave is reflected from a boundary satisfying (1), let us first assume
that the incident and reflected plane-wave fields have the form

Ei(r) = Eie−jki·r, Hi(r) = Hie−jki·r, (3)

Er(r) = Ere−jkr·r, Hr(r) = Hre−jkr·r, (4)

where the wave vectors are ki = −kzuz + K and kr = kzuz + K. Here K is a vector
transverse to uz and may have complex components.
Assuming now that the boundary conditions are valid for the total fields Ei + Er and
Hi +Hr in the form (2), applying ki ·Ei = 0, kr ·Er = 0 and the Maxwell equations we
can express the boundary conditions in the form

K · (Ei − Er) = 0. (5)

(uz ×K) · (Ei + Er) = 0. (6)

From these we obtain the following relation between the reflected and incident field com-
ponents transverse to the z axis:

Er
t = Rt · Ei

t, (7)

with the reflection dyadic defined by

Rt =
1

K2
(KK− (uz ×K)(uz ×K)). (8)

Obviously, eigenvectors of the reflection dyadic are K and uz ×K corresponding to the
respective eigenvalues +1 and −1. Actually, the former defines a wave TM polarized,
and the latter TE polarized, with respect to the z axis. This means that the DB boundary
appears as a PMC boundary for the TM wave and a PEC boundary for the TE wave. Since
these are valid for any plane waves, they are valid for any linear combinations of plane
waves and, ultimately, for any fields.

REALIZATION OF DB BOUNDARY

A realization of the DB boundary appears possible in terms of an interface of a uniaxially
anisotropic medium whose permittivity and permeability dyadics are defined by

ε = εzuzuz + εtIt, µ = µzuzuz + µtIt, (9)

where It is the transverse unit dyadic. In fact, requiring that the axial parameters vanish,
εz → 0, µz → 0, the z components of the D and B fields vanish in the medium and,
because of the continuity across the interface, the conditions (1) are valid at the interface.
A medium (9) with vanishing axial parameters is a challenge for metamaterials research.
For small but finite values of εz and µz the above characteristics for the TE and TM
waves fail in a small cone around the axial direction. Actually, if

√
µt/εt equals the wave

impedance of the medium in front of the interface, the TEM wave incident normally is
not reflected at all. Thus, a slab of such a medium acts as a spatial filter for fields incident
to the interface, reflecting all but those entering close to the normal direction.
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INTRODUCTION 
 
Polarimetric interferometry [1] is an innovative Synthetic Aperture Radar (SAR) 
imaging and image processing technique, which provides new information about the 
target and opens up new application areas. The polarimetric interferometry provides 
means to measure the relative height of a scattering centre at different polarizations. In 
combination with scattering models, it can provide eg. 3D information about vegetation 
and enables certain types of tomographic imaging. 
In this work we give a short overview of a technique called Polarization Coherence 
Tomography (PCT) [2]. The PCT allows estimation of the vertical scattering function of 
the forest canopy. We show how the PCT results can be improved with ancillary forest 
height measurements provided by HUTSCAT scatterometer or LIDAR.  
 
MATERIAL AND METHODS  
 
The SAR data used in our study was collected during the FINSAR campaign [3], carried 
out in autumn 2003 in Finland over a boreal forest test site. The main instruments of the 
campaign were E-SAR and HUTSCAT ranging scatterometer. German E-SAR collected 
five L-band (1.3 GHz) repeat pass fully polarimetric images (5 m, 10 m, 12 m and 0 m 
baselines) and an X-band (9.6 GHz) single-pass single-pol (VV) interferometric image 
pair. The LIDAR scanning over part of the FINSAR test site was conducted by Finnish 
Geodetic  Institute on 12 July 2005 using Optech ALTM 3100 scanner, providing 3-4 
pts/m² point density on the object.  Accurate Digital Surface Model (DSM) and the 
canopy height model (CHM) were derived from LIDAR measurement [4]. 
The PCT method estimates the vertical scattering function inside the media by using 
Fourier-Legendre polynomial expansion, when interferometric coherence on boundaries 
and media properties are known. In case of forest the calculation requires additionally 
for coherence value good estimates for ground phase and tree height. Usually these 
values are received by Random Volume over Ground (RVoG) model inversion [1] for 
the same SAR data. However, this approach is susceptible for propagating errors as the 
same interferometric SAR image is used both for initialization and calculation of the 
tomogram. The RVoG model inversion requires also fully polarimetric interferometric 
SAR measurement, which is not necessary for PCT. 
In our study we derive ground phase and tree height initial values from an independent 
source, namely from LIDAR and HUTSCAT measurements. We show that this gives 
more stabile tomographic profiles and allows the use of the PCT also for single 
polarization SAR interferometry, when the RVoG inversion is not feasible. 
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Figure 1: The vertical height of X-band scattering centre phase (blue crosses) and 

estimates for LIDAR derived ground phase (black line) and treetop phase (green line).  
 

 
Figure 2: PCT profile for single baseline X-band VV polarization measurement formed 
with the help of LIDAR measurement. Colors scale on the right; blue – weak and red – 

strong reflection. X-axis denotes the SAR range index and y-axis is the tree height.  
 
RESULTS AND CONCLUSIONS  
 
Figure 1 shows the vertical height of the X-band scattering centre phase along a forest 
transect with respect to LIDAR derived ground and treetop phase. Figure 2 shows a 
coherence tomogram of the forest transect, formed with the help of LIDAR 
measurements. Without LIDAR measurements the tomogram calculation would not be 
possible. Different forest types appear correctly as different vertical scattering profiles. 
In sparse forest (Figure 1, on the right) scattering has high values on the ground, 
whereas in dense forest the scattering function is more steady throughout the forest 
canopy.  
The LIDAR and HUTSCAT measurements contain much less noise in tree height 
measurement than the estimates given by the RVoG model inversion. Therefore, use of 
these measurements as initial values for PCT yields significantly less noisy tomographic 
scattering profiles for forest. Use of ancillary measurements allows to application of the  
PCT method also to single-polarized interferometry, when tree height and ground phase 
initial values cannot be derived by the RVoG model inversion. 
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The concept of Perfect ElectroMagnetic Conductor (PEMC) medium was introduced in
[1], and has been since analyzed in the literature by the group at the TKK and elsewhere
in the world. It is not an overstatement to say that PEMC is a very fundamental type of
material, at the same time extremely simple and very complex. In light of the present
wave of interest in metamaterials [2], the properties of PEMC medium deserve a detailed
study.

To define PEMC, let us consider the following constitutive relations between the electric
(E) and magnetic (H) fields and electric (D) and magnetic (B) displacements:

D = MB, H = −ME (1)

HereM is a real scalar admittance-type quantity.

Such a material response type is encountered most naturally when considering electro-
magnetic equations in terms of differential forms in four-dimensional Minkowskian rep-
resentation. In fact, in this case—given by Equation (1)—the medium condition between
the electromagnetic two-forms [3]

Ψ = D−H ∧ dτ (2)

Φ = B + E ∧ dτ (3)

in the simple form
Ψ = MΦ

Concerning the notation, ∧ is the wedge (outer) product and dτ the time-like one-form.

Here the two-forms each combine two three-dimensional quantities as the space-like and
time-like components. The extreme simplicity of this relation (Ψ = MΦ withM a single
pseudoscalar) motivates us to call the medium (1) as the one and only isotropic medium.
Such a medium is invariant in any affine transformations, including the Lorentz transfor-
mation. This means that the medium appears the same for any observer traveling with
constant velocity. In four-dimensional electrodynamics, this medium goes also under the
name axion medium [4].

As is shown in [1, 5], this medium is a generalization of perfect electric and magnetic
conductors (PEC, PMC). The label PEMC is therefore a natural one to describe it. In
every spatial point within PEMC, a linear combination of fields vanishes (H + ME = 0)
as also a combination of displacements is zero (D − MB = 0), which is seen from
Equation (1). The special case 1/M = 0 returns us PEC: (E = 0,B = 0) and we arrive
at PMC whenM = 0: (H = 0,D = 0).
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A perhaps more common way than Equation (1) to represent the material relations is the
one when the displacements are given as responses to the fields:

(
D
B

)
=

(
ǫ ξ
ζ µ

) (
E
H

)
= C ·

(
E
H

)
(4)

where the material matrix C contains the four scalars ǫ, ξ, ζ, µ. Equation (4) can be written
as (

D
H

)
=

1

µ

(
ǫµ− ξζ ξ
−ζ 1

) (
E
B

)
(5)

Comparing this relation (5) with Equation (1), we arrive at the PEMC constitutive matrix

C = q
(

M 1
1 1/M

)
, with |q| → ∞ (6)

In this poster, electromagnetic problems involving PEMC boundaries are reviewed which
may find interesting applications in microwave engineering. For a more detailed descrip-
tion about the analysis and applications of the PEMC medium, see [6].
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I - INTRODUCTION

In the near future e-VLBI (Very Long Baseline Interferometry) will drive data at real-
time from each radio astronomy station to a computing unit using normal Internet. Until 
this becomes true a high capacity recorder system to accommodate the four-gigabit-per-
second data stream is needed. Unfortunately, the relation between amount of disks and 
transfer rate does not behave proportionally when the first factor is increased. Even so, 
usually the system speed does not increase expectedly. Hence, an optimal selection of 
disk capacity and data bus model is required. 

The objective of this investigation is to determine the feasibility of building a next-
generation  4  Gbps  VLBI  data  recorder  using  commercial-off-the-shelf  computer 
components  and standard  Linux operating  system.  The preliminary  results  are  very 
promising,  reliable  4  Gbps  recording  from  10  Gbps  Ethernet  to  disks  has  been 
achieved.  This  speed will  further  improve  in  the future  when new faster  disks  and 
computer hardware become available.

II - MATERIALS AND METHODS

For the last  half  year,  several  of the latest  motherboards,  high capacity  disks,  PCI-
Express disk controllers and Port Multipliers (PMP) boards have been tested. A list of 
material used is shown in Table 1.

Motherboards Disks PMP Disk controllers
Asus L1N64SL1 WS Seagate 500 GB Addonics  AD5SAPM RocketRaid 2522

Asus P5NT WS Samsung F1 750 GB Addonics  AD5SAPM-E Addonics ADSA3GPX8
Asus PQ5 Pro Samsung F1 1 TB HP SC44Ge
Asus P5K WS

Asus Striker II Extreme
Asus Rampage Extreme
Table 1.  the list of electronic components tested in our laboratory for the 4 Gigabit experiments.

In addition to the common Linux tools, such as iperf, netcat, hdparm and others, two 
main software programs have been in use to perform the tests: Wr-nexgen [1] and 
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Tsunami-UDP [2]. Both of them have been designed and developed by the Metsähovi 
Radio Observatory team and are available as open source code.
 

III – RESULTS

Even though the native SATA ports are the fastest in recording rate tests, its 
motherboard built-in limitations oppose directly to disk expansion capabilities. 
Furthermore, PMP are rarely supported with the current North/Southbridge chips and it 
is not clear which path the next generation of chipsets will take.

Figure 1 - shows the sustained rate for each device according to the amount of disks used in RAID.

PCI-Express based disk controllers might be an inexpensive solution. They offer fast 
communication bus (usually 16x or 8x lanes) and PMP support, but the complexity of 
the system increases. In contrast, the HP SC44Ge1 has been the first to be discarded due 
to recording rate low performance, disk capacity limitation and no PMP support. 

On the other hand, both Rocket 2522 2 and ADSA3GPX8 3 have shown good recording 
rate performance to fulfill 4 Gbps requirements. Likewise, RAID systems of 20 to 32 
disks can be built  thanks to  its  PMP support.  However,  extra  PMP boards and the 
wiring to connect HDD’s and PCI-E device is the price we must pay for it.

REFERENCES
[1] – VSIB software package - http://www.metsahovi.fi/en/vlbi/vsib-tools/index
[2] – Tsunami UDP Protocol - http://tsunami-udp.sourceforge.net/

1 HP SC44Ge - LSI Logic LSISAS1068E controller
2 HighPoint RocketRAID 2522 - 2 x external miniSAS driven by two Marvell 88SX6042 chips
3 Addonics ADSA3GPX8 – 4 x eSATA + SiI3124 PCI-X chip
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Traceability is a key word in metrology and reliability of measurements. Traceability 
means that the result of a measurement, no matter where it is made, can be related to a 
national or international measurement standard, and that this relationship is 
documented. The degree of equivalence between national standards of different 
countries is established by international comparisons. Traceability is transferred from 
the national standards to other standards and devices by an unbroken chain of 
calibrations, each with a stated uncertainty. National measurement standards are 
maintained and developed by National Standards Laboratories (NSL). In Finland, NSLs 
of different quantities are nominated by the Centre for Metrology and Accreditation 
(MIKES), which is the National Metrology Institute of Finland (NMI).  
 
National high frequency metrology was started in late 1970’s by the Posts and 
Telecommunications of Finland. Between 1999 and 2006 Finland had no NSL in the 
field of high frequency electrical measurements. MIKES started developing radio 
frequency and microwave measurements in 2000. After two international comparisons 
and evaluation by an international expert, high frequency quantities have been included 
in the scope of the NSL of electrical quantities of MIKES since 19 June, 2006.  
 
High frequency power in MIKES is based on thermistor sensors. In these sensors high 
frequency power is substituted with DC-power. Traceability to internationally accepted 
primary standards is provided by calibration of the power sensors at National Physical 
Laboratory (NPL), U.K.. DC voltage and resistance are traceable to MIKES. MIKES 
uses a power splitter system for power sensor calibrations. 
 
High frequency impedance is traceable to airlines and step attenuators. Impedance 
calibrations include voltage reflection coefficient (VRC) and attenuation. Calibrations 
are carried out with Vector Network Analysers (VNA). Uncertainty assessment is 
performed regularly with the aid of airlines, whose precise dimensions are measured at 
MIKES, and step attenuators calibrated at NPL. 
 
Most of the high frequency measuring instruments are connected to 10 MHz reference 
frequency distribution network, provided by MIKES time and frequency laboratory. The 
time and frequency laboratory of MIKES maintains Finnish official time and provides 
traceability for time interval and frequency used in other calibration laboratories. 
Frequency is the most accurately measurable quantity. Using the Hydrogen maser and 
Cs atomic clocks of MIKES, frequency can be realised with a relative uncertainty of 
3⋅10-13. 
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