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Abstract— The propagation loss between a capsule antenna
inside a human body phantom and an outside antenna is
investigated experimentally. The position estimation of a capsule
antenna is also performed by using the received power
distribution on a plane located outside phantom. Two frequency
band of 320 MHz and 1 GHz are compared. For 320 MHz, a
print monopole antenna with a capsule inside a human body
phantom is designed and an inductor is used for impedance
matching. It is found that there is a relation of tradeoff between
the received power and the accuracy of the position estimation a
capsule.
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Wireless capsule endoscope system has gained popularity in
health-care applications [1, 2]. The system uses a wireless
transceiver to obtain medical images inside a human body [1].
The efficiency of capsule antenna is extremely low caused by
its physical size. The propagation loss through lossy human
body is quite large [3-5] and the impedance matching between
capsule antenna and its feeding circuit is important to obtain
high received power at the outside antenna. Furthermore, the
accurate position estimation of capsule is also important in
medical diagnosis when the capsule pass through the digestive
system of a human body [6].

INTRODUCTION

Various kinds of frequency band were selected for capsule
endoscope systems, as examples, ISM band of 315 MHz was
used in [7], while 1 GHz was studied in [8]. However, it is not
clarified the optimal frequency band to obtain high received
power through a human body and the relation between the
received power and the accuracy of position estimation of a
capsule inside a human body.

In this report, a design of a capsule print monopole antenna
at 320 MHz is presented and an experimental study on the
received power and the position estimation of a capsule
antenna are investigated at 320 MHz and 1 GHz. The relation
between the received power and the accuracy of position
estimation of a capsule is discussed.
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Figure 1 shows the geometry of capsule monopole antenna
inside a human body. The length of a monopole antenna are
30 mm and the width of 2 mm.

GEOMETRY AND EXPERIMENTAL SETUP
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Fig. 1. Geometry of capsule monopole antenna inside human body.
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Fig. 2. Photograph of capsule monopole antenna and folded dipole antenna
inside and outside of human body, respectively.
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Fig. 3. Experimental setup.

Dielectric substrate are with a length of 47 mm and a width
of 10 mm and dielectric constant of £=3.3. An inductor was
used for impedance matching between the impedance of
printed monopole antenna and the internal impedance of 50 Q
at 320 MHz. A polystyrene tube with length of 83 mm and
diameter of 11 mm was used as a capsule. Figure 2 shows
photograph of the fabricated capsule monopole antenna and a
folded dipole antenna, inside and outside of a human body,
respectively. The total length of the folded dipole antenna is
340 mm with resonant frequency of 320 MHz.

Figure 3 shows the experiment setup. A commercial human
torso-shaped phantom filled with a human body equivalent
liquid (HBEL) developed by SPEAG was used [9].
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Fig. 4. Reflection coefficient in case with and without inductor..

A capsule antenna was fixed inside the phantom at the position
indicated as Port 1 (x, y, 72 mm) and an outside antenna were
scanned on an observation plane z=z=132 mm by using XY-
scanner and its position were indicated as Port 2 (x, y, z;). The
distance between two antenna was set to D=60 mm.

The scan area is 400 mm*300 mm in x and y directions,
respectively. S-parameters at each position were obtained by
Vector Network Analyzer (Keysight N5224A). Two cases: (a)
capsule monopole antenna (inside) and folded dipole antenna
(outside) and (b) dipole antenna /;=20 mm (inside) and dipole
antenna /= 140 mm (outside) were compared.

III. IMPEDANCE MATCHING

Impedance of capsule monopole antenna Z, placed in torso-
shaped phantom was simulated using FDTD analysis with
considering dispersive effect of complex permittivity and was
obtained as Z,=R,+jX,=1.5+j(-425) Q2 at 320 MHz. A series
inductor was used for matching the impedance Z, to 50 Q.
TRL calibration technique was used for measurement and
impedance of Z;=R;+jwl=33+j369 Q at 320 MHz was
obtained. Figure 4 shows the reflection coefficient with and
without an inductor obtained by the experiment and the
numerical analysis. In the FDTD simulation, the copper loss of
conductor has been neglected and the measured value of Z; at
320 MHz was used. In the case with inductor, |Sy| of less than
-14 dB has been obtained by the presence of inductor. It is
considered that the impedance matching is realized by the
presence of resistive component of inductor R;=33 €, which is
quite larger than that of antenna R,=1.5 Q.

IV. POSITION ESTIMATION OF CAPSULE ANTENNA

To evaluate the propagation loss and the accuracy of
position estimation of a capsule antenna through a human
body phantom, two frequency band of 320 MHz (Case 1) and
1 GHz (Case 2) were compared. In the case of 320 MHz band,
a capsule monopole antenna with an inductor (inside) and a
folded dipole antenna (outside) were used. In the case of 1
GHz band, a dipole antennas with length of /;= 20 mm (inside)
and L= 140 mm (outside) were used [3, 5]. The impedance
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matching for each inside and outside antennas were realized in
both cases of 320 MHz band and 1 GHz band.

Figure 5 shows the distributions of transmission coefficient
|S21| on an observation plane z=z,=132 mm. In the case of 318
MHz, large |S»i| in a whole area of the observation plane was
observed. Maximum value of |S,1|=-33.3 dB is observed at (x,,
ym)=(180, 260) which is different from the real position of (x,,
¥)=(200, 230) with the distance AR=[(x,~Xy)*+(r-ym)?]"*=36
mm. In the case of 1 GHz, it is observed that the region with
large |Szi| is limited around the real position of (x,, y)=(270,
210). Maximum value of |S;;|=-39.3 dB is observed at (x,
ym)=(250, 210) with the distance AR=20 mm. From above
results, it is found that accuracy for the position estimation of
a capsule antenna is high in case of 1 GHz, while the received
power is small compared with the case of 318 MHz. It is
considered that there is a relation of tradeoff between the
accuracy of the position estimation and the received power.
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Fig. 5. Distribution of transmission coefficient [S21| on observation plane
z=z,~132 mm.
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V. CONCLUSION

In this research, the received power through a human body
phantom and the position estimation of capsule antenna were
investigated with comparing two frequency band of 320 MHz
and 1 GHz. It is found that there is a relation of tradeoff
between the accuracy on the position estimation and the
received power. Considering battery-less wireless capsule
endoscope systems, the lower frequency will be preferred for
the power transfer while the higher frequency should be used
not only for the position estimation of a capsule antenna but
also for data transfer with high data rate.

ACKNOWLEDGMENT

This work was partly supported by COl STREAM (Center
of Innovation Science and Technology based Radical
Innovation and Entrepreneurship Program).

REFERENCES

[11 G. Iddan, G. Meron, A. Glukhovsky, and P. Swain, “Wireless capsule
endoscopy,” Nature, vol.405, n0.6785, p.417, May 2000.

[2] P.M. Izdebski, H. Rajagopalan, and Y. Rahmat-Samii, “Conformal
ingestible capsule antenna: A novel chandelier meandered design,” IEEE
Trans. Antennas Propag., vol.57, no.4, pp.900-909, Apr. 2009.

[31 Y. Li, H. Sato, and Q. Chen, “Experiment Study of Transmission
Characteristics Through Conducting Human Body Equivalent Liquid,”
IEICE Communication Express, Vol.X6-B, No.6, pp. 286-291, Jun.
2017.

[4] Y. Li, H. Sato, and Q. Chen, “FDTD Analysis of Capsule Dipole
Antenna in the Digestive System of A Human Body,” IEICE
Communication Express, Vol.X6-B, No.6, pp.276-280, Jun. 2017.

[5] Y. Li, H. Sato, and Q. Chen, “Capsule Antenna Design based on
Transmission Factor through the Human Body,” IEICE Transactions on
communications, Vol.E101-B, No.2, Feb. 2018.

[6] Q. Chen, K. Ozawa, Q.W. Yuan, and K. Sawaya, “Antenna
Characterization for Wireless Power-Transmission System Using Near-
Field Coupling,” IEEE Trans. Antennas Propag. Magazine, vol.54, no.4,
pp.108-116, Aug. 2012.

[7] https://www.olympus-europa.com/

[8] H. Sato, Y. Li, and Q. Chen, “Measurement of dipole antenna in
deionized water,” in Proc. International Symposium on Antennas and
Propagation (ISAP 2015), S3.8.7, pp. 618-620, Tasmania, Australia,
Nov. 2015.

[9] https://www.speag.com/products/em-phantom/phantoms/




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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

  /CreateJDFFile 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


