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Abstract— This paper presents the investigation on variation
factors in phantom material study, which observed through
dielectric measurement that is performed from 1 to 6 GHz.
Water and ancillary substances are used in the investigation. The
study focuses on dielectric variation due to the water sources, the
addition of ancillary substances and temperature. The obtained
results in this study are useful for the development of realistic
human head phantom.
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I. INTRODUCTION

Other than breast cancer, brain cancer also has been noted
as the most common cause of cancer-related deaths around the
world. Currently, magnetic resonance imaging (MRI) mostly
used for the screening process. But this MRI is too costly and
not widely available [1] especially in rural medical centre.
Early cancer diagnosis and detection are very important to
increase cancer survival rates. Nowadays, microwave imaging
has gain attention among researcher due its potential in breast
cancer detection [1-3]. These scenarios then lead to the
motivation for development of microwave imaging with the
purpose for brain cancer detection.

Synchronize with the microwave imaging development,
the study of realistic head phantom is also required for this
brain cancer detection system. This phantom can be used to
simulate the interaction of electromagnetic wave with
biological tissues [4]. Although there are availability of
phantom in the market, but it is not specifically meet the
requirements of the system and too costly. These reasons
motivate the development of cost effective head phantom with
specific requirements for this system.

Many researchers developed their own phantom for their
system as reported in [5-7] using simple and cheap material
such as polyacrylamide, dough (consisting flour and oil) and
also gelatin. Gelatin based material is seen as potential
material as reported in [4] since it can mimic properties of
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human tissues. Because of that matter, few factors must be
considered to customize the dielectric properties of proposed
material in order to obtain required dielectric properties for
certain tissues or cells. This paper presents the variation of
dielectric properties of materials against the addition of sugar
and the effects of temperature. In this study, water has been
used as main material. The dielectric properties of water from
different sources will be measured to observe their properties
of dielectric variations.

II.  MATERIALS AND METHOD

To achieve the purpose of this paper, experimental study
must be conducted. The experimental study is divided into
four scopes, which are to study properties of tap waters taken
from different location, properties of waters that taken from
different sources, the effects of temperature and the addition
of sugar to dielectric measurements.

For the first scope, five samples of tap water from different
locations are measured to obtain their electrical properties.
These tap water samples are taken from five locations of Johor
Bahru (UTM JB), Machap, Pagoh, Port Dickson, and Negeri
Sembilan (Enstek) as listed in Table 1. All measured data then
analyzed and compared.

TABLE L FIVE SAMPLES OF TAP WATER FROM DIFFERENT LOCATIONS
No. of sample Source
Sample 1 Johor Bahru (UTM JB)
Sample 2 Machap
Sample 3 Pagoh
Sample 4 Port Dickson (batu 4)
Sample 5 Negeri Sembilan (Enstek)

For the second scope as listed in Table II, five samples of
different water sources taken from different sources are
measured to obtain their electrical properties. These samples
are tap water (taken in UTM Johor Bahru), distilled, mineral,
reverse osmosis (RO) and ceramic filtered water. Then, all
samples measurement result for each sample is plotted in
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graph form and compared to each other to observe any
different properties and behaviors.

TABLE IL FIVE WATER SAMPLES FROM DIFFERENT SOURCES
No. of sample Source
Sample 1 Tap water (UTM JB area)
Sample 2 Distilled water
Sample 3 Mineral water (underground)
Sample 4 RO (Reverse Osmosis) water
Sample 5 Ceramic filtered water

To study the effect of temperature for the third scope, three
samples of water from same source, which is tap water from
UTM JB have been used. This is to ensure any variations are
only from the effect of temperature level. Each sample
presents different temperature level as shown in Table III. The
temperature of first sample is at the room temperature level
around 23°C, while the second sample at temperature of 37°C,
which close to body temperature and the third sample at
temperature of 70°C, which near to boiling temperature. The
measured results of these three samples are then compared and
analyzed.

TABLEIIl.  THREE WATER SAMPLES MEASURED AT DIFFERENT
TEMPERATURE LEVEL
No. of sample Temperature
Sample T1 23°C
Sample T2 37°C
Sample T3 70°C

Then, to study the effects of sugar and salt as ancillary
substances, three samples of water from same source of tap
water added with different amount of sugar or salt are tested.
The water samples with different amount of sugar are listed in
Table IV. Then, the measured data are plotted and compared
to observe the dielectric variation due to the addition of sugar.

TABLE IV. WATER SAMPLES IN CONJUCTION WITH DIFFERENT AMOUNT
OF SUGAR
No. of sample Water (g) Sugar (g)
Sample S1 30 0
Sample S2 30 5
Sample S3 30 10

The measurement in this experimental study is obtained
using coaxial probe in conjunction with a vector network
analyzer (VNA). Before the measurement is performed using
the dielectric probe, calibration of the probe is needed to be
implemented using three standards. The first standard is using
distilled water, where the tip of probe is immersed in distilled

water. Then, second and third standard are ‘open’ where the
tip of probe leaved in the air and ‘short’ where the tip of the
probe connected to short circuit stub, accordingly. All
measurement is conducted at room temperature, which is
approximately 23°C.

To ensure the precision of the measurement device, a
measurement is performed on distilled water sample to
observe its permittivity plots. Smooth curve of permittivity
plots indicates that calibration is done correctly and the device
is precise. Then, several more measurements taken on same
distilled water sample and the results are compared to ensure
repeatability and precision of performed measurement using
calibrated dielectric probe and vector network analyzer
(VNA).Sample data on three measurements with regard to the
precision of each measurement can be observed in Fig.
1.Three measurements are taken for each sample to ensure its
accuracy then the averaged results are plotted. The
measurements data in this paper are plotted in form of relative
permittivity (&,) and conductivity (o).

III. MEASUREMENT RESULTS AND DISCUSSION

Measurement data to prove the repeatability and precision
of the used measurement instrument as stated in part II is
plotted as in Fig. 1. From the plotted data in Fig. 1, it can be
seen that similar values of measured data of complex
permittivity for each measurement confirm the required
precision. The different on each measurement actually is very
small, which less than 0.1unit that almost cannot be noticed in
the figure.
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Fig. 1: Precision measurement data of the used measurement instrument.

All measurement results in experimental study is aiming
on complex permittivity, €* over wideband frequency from 1
to 6 GHz. Then, the measured data is analyzed to obtain its
relative permittivity () and conductivity (c).As noted in [8],
the complex permittivity €* is shown as a relation between
conductivity (o), angular frequency (w),real part of
permittivity (¢”) and imaginary part of permittivity (£”) as in
equation (1):

*

=g —jo—=&—Je (1)
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From the measured complex permittivity value in (1), the
conductivity value could be obtained using equation (2):

Jom =JEr @

Referring to equation (2), it shows the conductivity is related
with the imaginary part of complex permittivity. Therefore,
the conductivity can be computed using the derived equation

(3):
0= & We, 3)

Relative permittivity plots of tap water from several
different locations as listed in Table I are shown in Fig. 2. The
purpose of this measurement is to investigate the electrical
properties of tap water from different locations. From the
observation on plotted data in Fig. 2, it clearly shows that tap
water from different locations have almost similar relative
permittivity. Furthermore, the conductivity plots in Fig. 3 also
show that each sample of tap water does not have significant
different in term of its dielectric properties. This data justified
that the location of tap water taken is not a factor of dielectric
variation.
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Fig. 2: Relative permittivity of tap water from different locations.
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Fig. 3: Conductivity of tap water from different locations.

Fig. 4 shows the measurement data for the relative
permittivity of water that taken from few different sources as
presented in Table II. The purpose of this measurement is to
obtain electrical characteristics of the water samples that have
different mineral content in term of permittivity and

conductivity.
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Fig.4: Relative permittivity of water samples from different source.

From the observation in Fig. 4, each sample resulting
almost similar measurement data, this means the samples that
taken from different sources will only provide small variations
of permittivity level. From the relative permittivity plot,
measured data for sample 2, 3 and 5 shows very small
different, which is less than 0.1. While, sample 1 and 4 results
demonstrate the variation of 0.5 and 0.9, respectively. This
small variation for sample 1 and 4 are probably due to some
interference, which could be from human or instrument errors
and small temperature changes during measurement.

Then, with the information of complex permittivity
obtained from the measurement, conductivity of five water
samples can be computed from equation (3). Fig. 5 shows the
conductivity data of water that taken from different sources.
As relative permittivity, the conductivity of these samples also
shows that all samples from different sources will provide
almost similar conductivity. Observation on conductivity plots
show that all sample results have same pattern and only little
variations occur at 5 GHz towards higher end of frequency
range (6 GHz).
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Conductivity of Water at Different Temperature Level
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Fig.5: Conductivity of water samples from different source.

Fig. 4 and 5 prove that different water sources will not
affect the permittivity and conductivity. Another concerned
condition is the effect of temperature in dielectric properties
measurement. Fig. 6 shows the relative permittivity plots of
water samples at different temperature level. Sample TI
measurement is taken at temperature of 23°C while the
measurements for sample T2 and sample T3 are conducted at
temperature of 37°C and 70°C, respectively as shown in Table
III. Tt clearly shows that the dielectric properties of water are
affected by temperature change. Sample with higher
temperature level produces highest permittivity compared to
the lower one. Although there is small different, it is important
to consider the temperature level for the sample and
surrounding during the measurement.
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Fig.6: Relative permittivity of water samples at different temperature level.

As the measurement results of the relative permittivity, the
conductivity plots for water samples also demonstrate the
higher temperature level results higher conductivity. This
scenario can be noted as in the Fig. 7. From the plotted
measurement results, we can observe the same trend in both
parameters, where these relative permittivity and conductivity
will increase depending in the increasing of temperature.

Fig.7: Conductivity of water samples at different temperature level.

Apart from sources and temperature, other ancillary
substances also have been used to observe the changes of
dielectric properties. Two basic substances that have been
used are sugar and salt. And for the result, the added of salt in
water cause the VNA unable to measure its permittivity. The
reading from the VNA shows that water with salt results the
permittivity at infinite level. This happens possibly because
more than one ancillary substance required to tests the effects
of salt. Theoretically, salt can be used in order to vary the
conductivity of sample material which low conductivity
tissues can be produced by reducing amount of salt as reported
in [5]. Then, the measured permittivity of the water samples
with added with sugar are shown in Fig. 8.
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Fig.8: Relative permittivity of water samples with different amount of added
sugar.

As noted from Fig. 8, Sample S1 is water with no sugar.
Sample S2 and S3 have been added with 5g and 10g of sugar,
respectively as stated in Table IV. Through the observation on
Fig. 8, it can be noted that sugar could be used to reduce the
dielectric permittivity of sample. This finding is very useful in
order to optimize the permittivity of certain sample. Fig. 9then
shows the conductivity plots for the water samples with sugar.
A bit different with its permittivity result, the adding of sugar
at first increased a bit of conductivity but, the higher amount
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of sugar added into the sample, there is no significant change
to the conductivity.
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Fig.9: Conductivity of water samples with different amount of added sugar.

IV. CONCLUSION

In the development of human head phantom, it is
important to understand the characteristic of the material. In
microwave imaging, dielectric is the most important point
during phantom development. Any unwanted changes in
dielectric value will drag to false image construction. From the
finding in this paper, few factors discovered will affect the
dielectric measurement, which are the temperature changes
and contains of sugar. While, water which taken from different
sources do not results a big change in dielectric value and. In
addition, location of tap water alsohas not resulting a
significant variation to electrical properties as been verified
through the finding of this paper.The finding presented in this
paper could be used to obtain the most suitable and accurate
phantom material in the purpose of the realistic human head
phantom development for microwave imaging system.

ACKNOWLEDGMENT

The authors are grateful to Ministry of Higher Education
Malaysia (MOHE) and Universiti Teknologi Malaysia (UTM)
for financial assistance via Research University Grant (RUG)
and Fundamental Research Grant Scheme (FRGS) with Vote
Number of 08]72 and 4F206 and UTM Zamalah Award.

REFERENCES

[11 W.C. Khor, M.E. Bialkowski, A.M. Abbosh, N. Seman, S. Crozier, “An
Ultra Wideband Microwave Imaging System for Breast Cancer
Detection” IEICE Transactions on Communications, Vol. 90-B, No. 9,
pp- 2376-2381, Sept. 2007.

[2] E. C. Fear, X. Li, S. C. Hagness and M. A. Stuchly, “Confocal
Microwave Imaging for Breast Cancer Detection: Localization of
Tumors in Three Dimensions”, IEEE Transactions on Biomedical
Engineering, Vol.49, No. 8§, 2002.

J. C. Y. Lai, C. B. Soh, E. Gunawan, and K. S. Low, “Homogeneous
and Heterogeneous Breast Phantoms for Ultra-Wideband Microwave
Imaging Applications ”, Progress In Electromagnetics Research, PIER
100, pp. 397-415, 2010.

M. Lazebnik, E. L. Madsen, G. R. Frank and S. C. Hagness, “Tissue-
mimicking phantom material for narrowband and ultrawideband
microwave application”, Physics in Medicine and Biology, Vol. 50, pp.
4245-4258, 2005.

Bini M G, Ignesti A, Millanta L, Olmi R, Rubino N and Vanni R, “The
polyacrylamide as a phantom material for electromagnetic hyperthermia
studies”,/[EEE Transactions on Biomedical Engineering, Vol.31, pp.
317-322, 1984.

Lagendijk J J W and Nilsson P, “Hyperthermia dough: a fat and bone
equivalent phantom to test microwave/radiofrequency hyperthermia
heating systems”, ”, Physics in Medicine and Biology, Vol. 30, pp. 709—
712, 1985.

Marchal C, Nadi M, Tosser A J, Roussey C and Gaulard M L,
“Dielectric properties of gelatin phantoms used for simulations of
biological tissues between 10 and 50 MHz”, International Journal
Hyperthermia, Vol. 5, pp. 725-732, 1989.

D. Miklavcic and N. Pavselj “Electric Properties of Tissues”, Wiley
Encyclopaedia of Biomedical Engineering, John Wiley & Sons, New
York, 2006.

Authorized licensed use limited to: UNIVERSITY TEKNOLOGI MALAYSIA. Dod@Baded on April 07,2022 at 01:15:23 UTC from IEEE Xplore. Restrictions apply.




<<
  /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


