
Abstract— A newly developed system for deep brain 
hyperthermia able to provide also passive measurements of 
temperature distributions inside the human body and 
especially the brain, is presented in this paper. The proposed 
system able to comprise both therapeutic and diagnostic 
modules operates in a totally non-invasive contactless way 
based on the use of an ellipsoidal conductive wall cavity to 
achieve beamforming and focusing on the areas under 
treatment and temperature monitoring. The performance of 
the system’s diagnostic module designed and developed for 
brain imaging, has been previously studied in phantom, animal 
and human tests illustrating promising results. In the present 
paper theoretical analysis of the therapeutic module designed 
for hyperthermia treatment, elicited during simulation 
performance, exhibit the system’s focusing attributes. 
Moreover, initial phantom experimental results verify the 
proof of concept. Taking into consideration the present initial 
theoretical and experimental study and the great advantage of 
the proposed brain hyperthermia system of being non invasive 
and with a very acceptable cost, it is concluded that further 
research is required in order to explore its potentials at 
becoming a part of the standard treatment protocol of brain 
malignancy in the future. 

I. INTRODUCTION

YPERTHERMIA also called thermal therapy or 
thermotherapy, is a type of cancer treatment mainly 

under study in clinical trials and not widely available. 
During hyperthermia sessions body tissues are exposed to 
high temperatures resulting in damaging cancer cells, 
usually with minimal injury to healthy tissue [1], [2]. 
Research has shown that by killing cancer cells and 
damaging proteins and structures within cells, hyperthermia 
may shrink tumors [3]. Several methods of hyperthermia 
have been under study the past few years, including local, 
regional, and whole-body hyperthermia [1]-[8]. 

The length of treatment and cell and tissue characteristics 
in conjunction with the temperature distribution achieved 
during a hyperthermia session, determine the effectiveness 
of the treatment [1], [3]. A very crucial part of the 
hyperthermia methodology is the temperature monitoring of 
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the tumor and surrounding tissue, in order to ensure the 
desired heating of the relevant areas [4]-[6]. In practice, this 
monitoring procedure is invasive (insertion of thermometric 
devices into the treatment area) and performed using local 
anesthesia.

Specifically, regarding the use of hyperthermia for the 
treatment of brain tumors, the methodology has long been 
known to improve the results of other treatments for brain 
tumors.  Heating a tumor to a temperature between 42oC-
45oC can enhance the effects of both chemotherapy and 
radiation therapy [7], [8]. The advantage of heating the 
suffering brain region is that hyperthermic toxic effects are 
independent of cell-cycle phase. The main difficulty in the 
therapeutic application of this modality has been the lack of 
an effective mode of application. Various experiments 
involving whole body and whole or half brain hyperthermia 
have been accompanied by unacceptable cerebral oedema.  
The only method that has been employed with good results, 
until now, is invasive, interstitial microwave hyperthermia 
[4]-[6].  This is normally performed in conjunction with 
interstitial brachytherapy and uses the same, stereotactically 
implanted, tubes for access by microwave antennae. The 
problem with interstitial hyperthermia is that it requires 
transcranial implantation of guiding tubes into the tumor 
(average 3). Each implantation has 1% risk of hemorrhage 
or infection.  Also the tubes remain for only a short time – 
effectively preventing repeated treatments.  (Repeated 
hyperthermia, unlike radiotherapy, does not lead to a 
cumulative toxic effect) [4]-[6]. 

In the present paper a new non-invasive method for 
inducing focal brain hyperthermia providing also non-
invasive real-time temperature monitoring of the areas under 
treatment, is described. The proposed system is based on a 
Microwave Radiometry Imaging System (MiRaIS), 
developed in the Microwave and Fiber Optics Laboratory of 
the National Technical University of Athens, the past six 
years [9]-[14]. The operating principle of both the 
therapeutic (hyperthermia) and the diagnostic (temperature 
monitoring) modules of the system, is based on the use of an 
ellipsoidal conductive wall cavity for beamforming and 
focusing on the brain areas of interest.  

The present paper is organized as follows: a description of 
the proposed methodology in conjunction with a theoretical 
simulation study exhibiting the system focusing
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properties at various operating frequencies are herein 
presented. Following, phantom experimental results 
performed in the framework of the present research, 
verifying theory and proof of concept are in detail described. 
The paper concludes with a discussion section including the 
assessment of theoretical and experimental results and 
finally, with the overall conclusions section. 

II. MATERIALS AND METHODS

A. Description of the proposed system 
The proposed focused deep brain hyperthermia system 

consists of an ellipsoidal cavity with an opening aperture to 
host the human head to receive the focused brain 
hyperthermia (Fig.1). The ellipsoidal cavity is axis-
symmetric with 1.5m length of large axis and 1.2m length of 
small axis. It is an exact replica of the ellipsoidal cavity of 
the Microwave Radiometry Imaging System (MiRaIS) [9]-
[14], previously mentioned. The new cavity though has been 
cut transversally to the major axis, at a distance of 5cm of 
the focal plane (having currently a length of large 
horizontal-axis 1.25m) and the subtracted shell is currently 
not being used (Fig. 2). This action has been taken in order 
to have better access in the interior of the cavity, ensuring 
easier positioning and monitoring during experimental 
procedure. It is demonstrated in the following section 
through theoretical analysis that the system’s focusing 
properties are not affected by this alteration compared to 
those achieved using the whole cavity volume. 

a b 

Fig. 1. a. Conductive wall cavity of Hyperthermia System b. Magnetron 
generator providing microwave energy of 200W at the frequency of 2450 
MHz

Each irradiation is performed by placing the area of 
interest (of a phantom at present) on one focal area, while 
the transmitting dipole antenna is placed on the other 
geometrical focus of the ellipsoid (Fig. 2). Hence, the 
ellipsoidal cavity is excited by a dipole antenna while it is 
foreseen that in the future the human head should be placed 
properly on the conjugate focus with the aim to achieve 
focusing on the area under treatment. Each irradiation will 
be followed by the respective temperature monitoring of the 
heated area, using the microwave radiometry methodology 
with the same ellipsoidal setup, as it has been described in 
the past [9]-[14]. It has been provisioned by constructing an 
opening on the top of the cavity to insert the receiving 
radiometric antenna inside the cavity while current research 

work by our group aims at optimizing the combination of 
therapeutic and diagnostic techniques in one module (e.g. 
use of the same antenna-applicator for heating and 
measuring after implementing appropriate cooling of the 
receiver).

Fig. 2. Front view of the conductive wall cavity of the proposed Brain 
Hyperthermia System 

At present the energy for heating is provided by a 
magnetron generator operating at 2450MHz with microwave 
energy of 200W, connected to the dipole antenna (Fig. 1b). 

B. Theoretical Analysis using a FEM simulation 
methodology 

During the past few years extensive electromagnetic 
analysis has been performed by our group using both semi-
analytical methods based on Green’s function theory and a 
FEM simulation tool [9]-[14]. The previous theoretical 
results show that focusing can be achieved in the brain areas 
of interest with a variety of dimensions of the focusing 
region and penetration depths related to the operation 
frequencies used [9]-[14]. 

In the present paper, the focusing properties of the new 
ellipsoidal conductive wall cavity having the above 
mentioned large opening at the focal plane are examined at 
three operating frequencies: 1GHz, 1.5GHz and 2GHz. 
Initially, the focusing properties of the system are studied 
through simulations of the cavity-dipole antenna setup 
without the presence of the human head model. In Figs. 3a, 
3b and 3c the field distribution inside the ellipsoidal is 
depicted at 1GHz, 1.5GHz and 2GHz, respectively. It is well 
observed that focusing on the ellipsoid’s geometrical focal 
point is achieved regardless of the large opening and the 
conductive wall cavity part missing. These results are totally 
compliant with numerical and simulation results obtained in 
the past using the entire ellipsoidal setup [9]-[14]. 

a b 

c
Fig. 3. Ellipsoid focusing properties at  a. 1GHz b. 1.5GHz and c. at 2GHz 

Following, the same configuration has been used but with 
the presence of a spherical human head model, with its 
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center placed at the ellipsoid’s focal point. The model is 
double layered comprising two types of head tissues; the 
inner sphere of 9cm of radius, representing average brain 
tissue whereas the outer spherical shell has a radius of 10cm, 
representing the skull tissue, all having the respective 
conductivity and permittivity values [15] at the various 
operation frequencies. 

a b 
Fig. 4. a. Electric field distribution inside the ellipsoidal in the presence of a 
head model at 1.5GHz (center head on focus) b. Magnification of head 
model 

 In Figs. 4 and 5 the electric field distribution in the 
presence of the human head model is depicted. Focusing on 
the head center is achieved at the lower frequency since the 
penetration depth is quite large. At 2GHz the penetration 
depth is of the order of 3.5cm. Once again the results are 
similar to those obtained in the past [9]-[14].  

Fig. 5. Electric field distribution inside the ellipsoidal in the presence of a 
head model at 2GHz (center head placed on focus). 

Another important aspect of the present analysis is the 
focusing sensitivity of the system –in respect to the energy 
merged on the ellipsoid’s focus- when moving the center of 
the human head model from the ellipsoid’s geometrical 
focus. The results of the simulation performed at 1GHz 
when the head center is moved 5cm away from the focus 
towards the ellipsoid center are shown in Fig.6. A small shift 
of the merged energy from the focal area is observed; the 
maximum electric field was expected to be observed on the 
right circle marker of Fig. 6b, where the ellipsoid’s focal 
point is placed, whereas the left marker denotes the head 
center.

 a b 
Fig.6. a. Electric field distribution @1GHz (head center placed 5cm away 
from focus) b. Magnification of head model 

 This phenomenon is mainly attributed to the spherical 
geometry of the head model and the penetration depth in 
conjunction with the resonance phenomena generated in the 
inhomogeneous spherical head model. In the case in which 
the head center is moved to a larger distance from the focus 

(e.g. 20cm), the peak of the electric field distribution is 
observed at the focal point regardless of the diffraction or 
scattering caused by the presence of the human head model 
(Fig. 7). 

Fig. 7. Electric field distribution @1.5GHz (head center placed 20cm away 
from focus) 

 Finally, by moving the head center 5cm from the focus 
area at higher operating frequencies (e.g. 2GHz) the 
maximum electric field is observed towards the focal area 
but with lower penetration depth, as expected (Fig. 8). 

a b
Fig. 8. a. Electric field distribution @2GHz (head center placed 5cm 
away from focus) b. Magnification of human head model 

III. EXPERIMENTAL STUDY: PROCEDURE AND RESULTS

The performance of the system’s diagnostic module 
designed and developed for brain imaging, has been 
previously studied in phantom, animal and human tests 
illustrating promising results [9]-[14]. In the framework of 
the present research the hyperthermia module, as described 
in section II.A, is tested through phantom experimentation. 
The phantom used is a cylindrical glass container (10cm 
height, radius of 6cm), filled with a gel based aqua saline 
solution, having the electromagnetic properties of average 
brain tissue at 2450MHz (Fig. 2). The latter is the operating 
frequency of the magnetron generator used to feed the 
radiating dipole antenna (Figs. 1, 2, 9). 

a b

Fig. 9. a. Phantom placed on focal area and digital thermometer with 
measuring probe (side view) b. Ellipsoidal interior: phantom placed on focal 
area whereas dipole radiating antenna placed on second focus 

The geometrical center of the container was placed at the 
ellipsoid’s focus and the temperature of the phantom was 
measured before the heating procedure at a number of 
various arbitrary points in its whole volume and was found 
uniform. Following, the phantom volume under test-which is 
the area placed at the ellipsoid’s focus- was 
electromagnetically heated for a time period of 3min. Then 
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the temperature of the heated area was measured with the 
probe of a digital thermometer. The same procedure was 
performed three times. The temperature was found in the 
order of 1oC higher than the one measured before the 
heating in a volume of approximately 8cm3 at the 
geometrical center of the phantom, all three times that the 
experiment was repeated. The results are presented in detail 
in Table I. 

 TABLE I
PHANTOM HYPERTHERMIA EXPERIMENTAL RESULTS

Temperature  
before heating (Co)

Temperature  
after 3min heating (CO)Expe

rime
nt

Phantom 
area

under test 

Surrounding 
phantom 

areas

Phantom 
area

under test 

Surrounding 
phantom areas  

1st 17.3 16.5 18.3 16.5 
2nd 17.6 16.8 18.5 16.7 
3rd  18.1 16.5 19.3 16.8 

IV. DISCUSSION

In the present paper the focusing properties of an 
ellipsoidal beamformer based hyperthermia system are 
investigated through a simulation and experimental study. 
The design and construction of the conductive wall cavity 
used for focusing on the areas of the human head under 
treatment is based on the MiRaIS, a microwave radiometry 
imaging system developed the past few years by our group 
[9]-[14]. A new cavity has been constructed actually being a 
replica of the one of the MiRaIS with a single difference: a 
larger opening at the ellipsoid’s focal plane permitting the 
entrance of the human body inside the cavity in a horizontal 
(lying) position. Comparing the results of the simulation 
study of the focusing properties of the new cavity with the 
focusing properties exhibited by the whole one used in the 
past, compliance of results was found. Thus, from the 
simulation and numerical results it is concluded that in the 
range 1.3-3.5GHz imaging of the head model areas placed at 
the ellipsoid’s focus is feasible with a variety of 
detection/penetration depths and change of the spatial 
resolution, depending on the frequency used. According to 
the numerical results the penetration depth varies from 
1.8cm to 5cm while the spatial resolution (3dB focusing 
region) from 1cm to over 3cm [9]-[14]. 

Moreover the experiment of heating a specific 3D region 
of a phantom at 2450MHz performed in the framework of 
the present research has shown promising results; raise of 
1oC has been achieved in the region of interest (volume of 
8cm3 approximately) while the temperature of the 
surroundings remained unchanged. In the near future further 
research work will aim at optimizing the system’s focusing 
properties at various operation frequencies through theory 
and experiment, in order to improve both spatial resolution 
and penetration depth. The heating will be monitored 
through the microwave radiometry module of the system 
that has already been developed and tested. 

V. CONCLUSION

In the present paper a brain hyperthermia system 

comprising also a passive brain temperature monitoring 
module has been presented. Simulation results and 
experiments reveal the system’s potential as a possible 
future clinical tool. Since interstitial hyperthermia can 
double prognosis it is logical to assume that the proposed 
new method, if shown to be sufficiently accurate after 
further and in depth investigation, could also work.  With 
the great advantage of being non invasive, which allows it to 
be repeated as often as necessary without significant risk and 
with an acceptable cost, it could possibly complement the 
treatment protocol of brain malignancy in the future. 

ACKNOWLEDGMENT

This work is partly supported by the General Secretariat 
of Research and Technology of the Hellenic Ministry of 
Development through the programme PENED2003. 

REFERENCES

[1] J.van der Zee, “Heating the patient: A promising approach?” Annals of 
Oncology, vol. 13, pp.1173–1184, 2002. 

[2] http://www.cancer.gov/
[3] B. Hildebrandt, P. Wust, O. Ahlers,, A. Dieing, G. Sreenivasa, T. 

Kerner, R. Felix, and H. Riess “The cellular and molecular basis of 
hyperthermia”, Critical Rev Oncol/Hematol, vol. 43, pp. 33–56, 2002. 

[4] P. Wust, B. Hildebrandt, G. Sreenivasa, B. Rau, J. Gellermann, H. 
Riess, R. Felix, and P. M. Schlag “Hyperthermia in combined 
treatment of cancer”, Lancet Oncol ,vol. 3, pp. 487–497, 2002. 

[5] M. H. Falk and R. D. Issels, “Hyperthermia in oncology,” Int J. 
Hyperthermia, vol.  17, no. 1, pp. 1–18, 2001. 

[6] D. S. Kapp, G. M. Hahn, and R. W. Carlson, “Principles of 
Hyperthermia,” in Cancer Medicine, 5th ed., R. C. Bast Jr., D. W. 
Kufe, R. E. Pollock, Eds. Hamilton, Ontario: B.C. Decker Inc., 2000. 

[7] O. Dahl, and O. Mella “Enhanced effects of combined hyperthermia 
and chemotherapy (bleomycin, BCNU) in a neurogenic rat tumour 
(BT4A) in vivo,” Anticancer Res, vol. 2, pp. 359-364, 1984. 

[8] M. Salcman, and G. M. Samaras, “Hyperthermia for brain tumours.  
Biophysical Rationale”, Neurosurgery, vol. 4, pp.  327-335, 1981. 

[9] I. S. Karanasiou, N. K. Uzunoglu and A. Garetsos, “Electromagnetic 
Analysis of a Non-invasive 3D Passive Microwave Imaging System”, 
Progress in Electromagnetic Research, PIER 44, pp. 287-308, 2004. 

[10] I. S. Karanasiou, N. K. Uzunoglu and C. Papageorgiou, “Towards 
functional non-invasive imaging of excitable tissues inside the human 
body using Focused Microwave Radiometry”, IEEE Tran.s 
Microwave Theory Tech., vol. 52, no. 8, pp. 1898-1908, Aug. 2004. 

[11] I. S. Karanasiou, N. K. Uzunoglu, S. Stergiopoulos, and W. Wong, “A 
Passive 3D Imaging Thermograph Using Microwave Radiometry”, 
Innovation and Technology in Biology and Medicine, vol. 25 (4), pp.
227-239, 2004. 

[12] I. S. Karanasiou, C. Papageorgiou and N. K. Uzunoglu, “Is it possible 
to measure non-invasively brain conductivity fluctuations during 
reactions to external stimuli with the use of microwaves?,” 
International Journal of Bioelectromagnetism IJBEM vol. 7, no. 1, 
pp.356-359, 2005. 

[13] I. S. Karanasiou, N. K. Uzunoglu, “Experimental Study of 3D 
Contactless Conductivity Detection using Microwave Radiometry: a 
Possible Method for Investigation of Brain Conductivity 
Fluctuations”, Proceedings of the 26th IEEE EMBS, San Francisco, 
California, 1-5 September 2004, pp. 2303-2306. 

[14] I. S. Karanasiou, N. K. Uzunoglu, “The Inverse Problem of a Passive 
Multiband Microwave Intracranial Imaging Method,” Proceedings of 
the 27th IEEE EMBS, Shanghai, China, 1-4 September 2005. 

[15] S. Gabriel, R. W. Lau, and C. Gabriel, “The dielectric properties of 
biological tissues: II. Measurements in the frequency range 10 Hz to 
20 GHz,” Phys. Med. Biol., vol. 41, pp. 2251–2269, 1996. 

5020


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


