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Foreword

One of the advantages of microwave techniques for diagnostics and monitor-
ing applications is that microwave signals penetrate within dielectric struc-
tures and they are sensitive to the presence of interior flaws and interfaces.
Broadband microwave techniques provide additional information either
through incorporating finite range resolution or multi-frequency material
characterization.

Microwave reflectometry is commonly implemented in a one-sided man-
ner, which in turn makes it more attractive from practical point-of-view.
The interest in broadband microwave reflectometry for materials diagnostics
and for monitoring physical parameters of materials covers a broad realm of
applications including: civil engineering and infrastructure, agriculture and
medicine. Broadband microwave reflectometry is an area of engineering and
science from which many publications have resulted over the years.

The authors of this monograph have expertly brought together informa-
tion from many of such papers and by many investigators as well as their
own. Of course, this monograph does not reflect all works in this field, nor
does it answer all questions with respect to diagnosis and monitoring appli-
cations. However, it serves as an excellent summary of important broadband
reflectometry approaches including the time domain reflectometry (TDR),
the frequency domain reflectometry (FDR) and the TDR/FDR combined
approaches. It is also important that their specific applications for the charac-
terization of liquid materials, for monitoring of water content and for antenna
measurements are considered in detail.

They include simultaneous measurement of the levels and the dielectric
characteristics of liquid materials in layered media with consideration of
measurement accuracy improvement using appropriate probe design, custom-
made fixtures for calibration and a targeted optimization routine.
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Another application I would like to mention focuses on moisture measure-
ments and includes estimation of moisture content directly from TDR and
through TDR/FDR combined approach. Though these methods and tech-
niques are developed for soil measurements, they can also be applied for
varieties of materials.

I believe this monograph will be useful to scientists, researchers and prac-
titioners as well as students for future comprehensive studies, investigations
and applications.

Rolla (MO), Prof. Sergey Kharkovsky
February 2011 Missouri University of Science and Technology
Rolla (MO)



Preface

Monitoring and diagnostics are essential in many application fields: for the
industry, for laboratory applications, as well as for countless other areas.
Therefore, over the years, considerable research effort has been devoted to ex-
plore innovative technologies and methods that could guarantee increasingly
reliable and accurate monitoring solutions. In this regard, electromagnetic
methods have attracted great interest, also thanks to their vast potential
for nondestructive testing. In particular, broadband microwave reflectometry
(BMR) has established as a powerful tool for monitoring purposes; in fact,
this technique can balance several contrasting requirements, such as the ver-
satility of the system, low implementation cost, real-time response, possibility
of remote control, reliability, and adequate measurement accuracy.

On such bases, the central topic of this book is the investigation of in-
novative BMR-based methods for monitoring applications. More specifically,
throughout the book, the different approaches of this technique will be consid-
ered (i.e., time domain reflectometry - TDR, frequency domain reflectometry
- FDR, and the TDR/FDR combined approach) and several applications will
be thoroughly investigated. For each considered application, particular at-
tention will be focused on innovative strategies and procedures that can be
adopted to enhance the overall measurement accuracy. There are many ap-
plication areas where TDR and FDR (or the combination of the two) have
proved useful and promising. Therefore, it comes as no surprise that the
applications considered herein are very diverse from each other and cover
different fields. The present book is structured as follows.

In Chapt. [ a brief overview of the contexts in which monitoring has
assumed a paramount importance is given.

Chapt. Blintroduces the theoretical principles that are at the basis of BMR,
and describes the parameters of interest in this technique. Furthermore, this
chapter introduces to dielectric spectroscopy, which is one of the pivotal ap-
plications of BMR (in fact, as well known, many of the applications of BMR
often descend from dielectric spectroscopy measurements).



X Preface

In Chapt. Bl the TDR, FDR, and TDR/FDR combined approaches are
thoroughly discussed, and the related advantages and shortcomings are ad-
dressed. In particular, some effective strategies for enhancing the accuracy of
BMR measurements; all these strategies basically aim at compensating for
the effect of systematic errors.

Chapt. Ml presents some innovative BMR-based solutions for the simultane-
ous monitoring of qualitative and quantitative characteristics of liquids. This
is quite a broad application area, and the investigated applications cover di-
verse sectors: from the monitoring of stratified liquids (particularly useful for
the industry of petrochemicals) to the analysis on edible liquids (useful, for
example, for anti-adulteration control on vegetable oils).

Chapt. Bl is focused on the qualitative analysis of granular materials and
on moisture measurements. This last application, which is particularly useful
in soil science and agriculture, can be extended also to different areas. In
fact, the qualitative status in the production of agrofoods, in the production
of inert materials, and in the fertilizer industry (just to name a few of the
investigated application fields) is strongly related to the amount of water
content of these materials.

Finally, Chapt. [@ deals with the characterization of antennas through
BMR. In particular, some useful guidelines for antenna characterization are
presented. More specifically, the proposed procedures can help obtaining a
higher measurement accuracy even when measurements are not performed in
dedicated facilities (i.e., anechoic chambers).

In all the described procedures and methods, the ultimate goal is to endow
them with a significant performance enhancement in terms of measurement
accuracy, low cost, versatility, and practical implementation possibility, so as
to unlock the strong potential of BMR.

Lecce (Italy), Andrea Cataldo
February 2011 Egidio De Benedetto
Giuseppe Cannazza
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Acronyms

AC
AUT
BMR
DC
EM
FD
FDC
FFT
FTIR
FDR
GBNM
ICM
IF
IFFT
LO
LUT
MUT
NMR
PCA
RF
RFID
rmse
SMA
SNR
SOL
SUT
TD

alternate current

antenna under test

broadband microwave reflectometry
direct current

electromagnetic

frequency domain

frequency domain calibration
fast Fourier transform

Fourier transform infrared
frequency domain reflectometry
globalized bounded Nelder-Mead
independent capacitance measurement
intermediate frequency

inverse fast Fourier transform
local oscillator

liquid under test

material under test

nuclear magnetic resonance
principal component analysis
radio frequency

radio frequency identification
root mean square error
sub-miniature A

signal to noise ratio

short open load

system under test

time domain



XVIII Acronyms

TDR time domain reflectometry
TEM transverse electromagnetic
TL transmission line

TLM transmission line method
T™ transverse magnetic

TSC triple-short calibration
VNA vector network analyzer

VSWR  voltage standing wave ratio




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




