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Estimation of the EMF in Actual Train Carriage Using the Parallel FDTD Methods
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1. Introduction

In this paper, we show analytical methods and computer simulation of the electromagnetic
field (EMF) distributions in a large-scale geometry like an actual train. With regard to the
electromagnetic compatibility (EMC) of the portable radio terminals such as cellular phones
and data communication transceivers that transmit RF waves, one of the most important and
substantial issues is to prevent the occurrence of unwanted effects on the human health due
to the RF exposure from such radio devices [1,2]. The RF interference on the implantable
medical devices is the major subjects to be considered. Since the portable radios may be
used in various environments, accurate and reliable estimations of EMC in practical
environments are required. For example, places surrounded by conductive surfaces, e.g.,
train carriages or cars, are typical environments requiring assessment [3,4]. However, the
measurements in the actual environment need enormous costs and it is also difficult to carry
out precisely. Here we carry out the precise numerical simulations to examine the EMF
actual environment. We employed the FDTD technique and a supercomputer to estimate the
EMF distributions excited inside train carriages. Moreover, large-scale parallel computing
based upon several node partitions was used because of its memory and speed capabilities.
It gives us good perspective within a reasonable computation time. We used a typical train
carriage now in active service in Japan, and both 800 MHz and 2 GHz bands cellular radio
simulators.

This paper is divided into three sections after this introduction. Section 2 describes the
FDTD analysis to estimate the EMF of large-scale geometry. The realistic and complicated
situations wherein humans occupy a train carriage are also examined. Section 3 shows the
results of the EMF in the train carriage. The simulation results using 800 MHz and 2 GHz
transmitters in the passenger carriage are shown. Finally, a brief summary of this paper is
provided in the last section.

2. FDTD analysis using parallel computation

The FDTD technique is a versatile and efficient tool for the solution of Maxwell's equations
in complex structures [5,6]. It can also treat problem spaces that contain lossy media such
as the human body. In the FDTD analysis, the problem space is quantized by Yee cells
(cubical cells). On the outer boundary, the FDTD algorithm employs the absorbing boundary
condition to simulate the extension of the field sampling space to infinity by suppressing
reflection off the outer boundary. The cell size must be small enough to obtain accurate
analytical results. Generally, it is less than 1/10 of the wavelength of the frequency for the
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analysis. Therefore, in the case of analyzing large-scale models such as a train carriage, the
computational memory size required becomes extremely large. Then we employed a
supercomputer to analyze the EMF in the train carriage [7]. The FDTD analysis is used in
order to obtain spatial electric field distributions throughout the inner space of the carriage.

First, 800 MHz and 2 GHz standard dipole antennas are employed as most simple and
ideal transmission models to estimate the attenuation (propagation) characteristics in the
train. Next, the realistic and complicated situations wherein humans occupy a train carriage
are examined.

2-1. Geometry and Modeling of Train carriage

The typical train carriage to be examined in this paper is shown in Fig. 1. The Dimensions
of the carriage are length of 17500 mm, width of 2780 mm and height of 2200 mm. The
FDTD problem space is divided into some regions to be adopted parallel computation by
using a supercomputer. Each node operating individually is able to have its own
computational main memory of 6.5 GB and eight processor elements. It could be carried out
the analysis of electromagnetic fields of large-scale geometry required enormous memory
size by using multiple nodes, provided that the electromagnetic components at the boundary
plane shared with neighboring nodes. In this paper, six numbers of computational nodes are
used to carry out the FDTD analysis of the train carriage. A parallel algorithm for the FDTD
method is realized using the MPI library. The inter-process communications are carried out
by the use of derived data types [8]. To simplify the computer program and reduce the main
memory consumption, we use the PML
absorbing boundary condition that
makes it to unnecessary to split the field
components artificially [9]. The problem
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we apply the homogeneous human phantom model in the FDTD analysis. Fig. 3 shows the
detailed standing human phantom model. The height of the phantom is 1700 mm and it has
realistic shape and homogeneous electric parameters of ¢, =50and tans =1. Also we use a

half-wavelength dipole antenna as cellular radio that is 10 cm apart from the phantom head.

3. Results

Some numerical examples are shown in the Fig. 4 to 7. Figs. 4 and 5 show the EMF
distribution along the length direction of the train carriage simulation results for both 800 MHz
and 2 GHz sources. We confirm that these simulation results for both 800 MHz and 2 GHz
sources coincide well with the Experimental results measured along the actual carriage [10].
The peak envelope curbs of the measured EMF distributions exhibit attenuation
characteristics although the attenuation factor is small.

Figs. 6 and 7 show the simulation results for the cases of 2-GHz source and passenger
exist in the train carriage. In the Fig. 6, a passenger standing in the center of carriage with
one transmitter set up at height of 1580 mm from the floor. Here, we adopt a field histogram
to estimate the percentage of the same strength area. The relative field strength, normalized
to a certain reference level determined from the experimentally obtained maximum
interference distance, is used [4]. Fig. 7 shows the result for the case of 20 passengers in the
carriage and half of the passengers use the cellular. These figures suggest that the EMF
strength inside the train carriage does not exceed the reference value.

4. Summaries and Conclusions

The purpose of this paper is to estimate the EMF in the large-scale geometries like a train
carriage. Obtained results imply that the parallel FDTD computer simulation can be
considered to be effective for estimating this type of complicated EMF excitation problems
precisely. It should not be ignored that the human bodies existing inside the train as
passengers or cellular radio users would attenuate EMF energy.

The field histograms are derived from the spatial distributions to estimate the percentage of
the same strength area. The histogram is useful to carry out a complete estimation in the
whole area.

Finally, we conclude that the study method developed here can be applied easily to other
similar EMC problems.

Acknowledgements

Computations and visualizations were performed using the resources provided by the High
Performance Computing System at the Information Initiative Center, Hokkaido University. This study
was partially supported by the Electromagnetic Environment Committee of ARIB.

References

[11 “Guidelines on the Use of Radio communication Equipment such as Cellular Telephones -
Safeguards for Electric Medical Equipment-,” EMC Conference Japan, Electric Medical
Equipment Study Group, 1997.

[2] Kramer, J. Fréhlich and N. Kuster, “Towards Danger of Mobile Phones in Planes, Trains Cars and
Elevators,” Journal of the Physical Society of Japan, Vol.71, 3100, Dec. 2002.

[3] Tropainen, "Brief Communication Human Exposure by Mobile Phones in Enclosed Areas,”
Bioelectromagnetics, Vol.24, No.1, 63-65, Jan. 2003.

[4] "Results of investigation into the effect of electromagnetic waves on medical equipment,”
Association of Radio Industries and Businesses(ARIB), Mar. 2002.

[5] Taflove, Computational Electromagnetics, Artech House, Boston, 1995.

[6] K. S. Yee, “Numerical Solution of Initial Boundary Value of Problems Involving Maxwell's
Equations in Isotropic Media”, IEEE Trans. Antennas Propagation, Vol 14, No 5, pp. 302-307,
May 1966.

[71 M. Omiya, K. Munakata and T. Hikage, "Design of Slot Antennas and Arrays Using the FDTD
Technique and a Parallel Supercomputer”, The 19th Annual Review of Progress in Applied
Computational Electromagnetics, pp. 539-544, Mar. 2003.

- 139 -



[8] C. Guiffaut and K.Mahdjoubi, “A Parallel FDTD Algorithm Using the MPI Library,” IEEE Antennas
and Propagation Mag., vol. 43, no. 2, pp. 94-103, Apr. 2001.

[9] D. M. Sullivan, “A Simplified PML for Use with the FDTD Method,” IEEE Microwave and Guided
Wave Lett., vol. 6, no. 2, pp. 97-99, Feb. 1996.

[10] T. Hikage, T. Nojima , S Watanabe and T. Shinozuka, “A STUDY ON IMPLANTABLE CARDIAC
PACE MAKER EMI FROM CELLULAR RADIOS IN SEMI-ECHOIC ENVIRONMENTS,” 2004
International Symposium on Electromagnetic Compatibility (EMC’04), Jun. 2004 (to be
published).

1700mm

Fig. 3 detailed human phantom model.

Ratio (%)

-
o

-60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0
Relative Field (dB)

Fig. 6 EMF histogram.
(one cellular user)

Amplitude (dB)
S o
—
I 1

N
o
T T T

Y] NN I A 710 L8 S | | Y LAY S
0 500 1000 1500

Length (cm)
Fig. 4 EMF distribution: 800 MHz source.

Ratio (%)

Amplitude (dB)

60 55 50 45 —40 -35 30 25 -20 -15 -10 -5 0

500 1000 1500 Relative Field (dB)
Length (cm)
Fig. 5 EMF distribution: 2 GHz source. Fig. 7 EMF histogram.

(20 passengers :10 cellular users)

- 140 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




