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Abstract—Recent advances in micro-electronics technology to 
build small radio-enabled implantable and wearable medical 
sensors have sparked considerable interest in body area 
networks. Understanding the characteristics of radio frequency 
propagation inside and around the human body requires 
obtaining sufficient amount of data for different scenarios via 
physical experiment with human subjects. This is either difficult 
or in the case of implants, nearly impossible. In addition, the 
body motion could significantly impact the quality of wireless 
communication links (i.e. the propagation channel) among 
implants or wearable medical sensors. To address these issues, we 
have developed an immersive platform capable of emulating 
physical experiments. The platform includes a dynamic (i.e. 4D) 
human body model that can emulate various human motion e.g. 
walking. This 4D immersive platform can be used as a scientific 
instrument to study various Radio Frequency communication 
channels inside or on the surface of a human body. It can also be 
used to identify the best scenarios for limited physical 
experimentation and measurements.  

Index Terms—radio frequency propagation; immersive 
platform; body area networks 

I. INTRODUCTION 
Inhomogeneity and complexity of the propagation medium 

along with possible propagation paths from any direction 
necessitate a three-dimensional environment to better capture, 
visualize, and understand RF propagation from/to implants or 
wearable body sensors. The complexity of the propagation 
environment surrounding a medical implant would also imply 
that an appropriately designed immersive platform would be 
very helpful in better understanding the radio frequency 
channel characteristics inside the human body. Lack of a 
detailed human body model and realistic wearable/implantable 
antennas are usually among the shortcomings of previous 
simulation studies in this area. Also, as body motion could 
significantly impact the wireless communication between 
implants and wearable medical sensors [1], a dynamic (i.e. 
4D) human body model capable of emulating typical human 
motion (such as walking, rolling in a bed, twisting/turning, 
and bending) would be a valuable tool to study and understand 
this impact. The 4th dimension here refers to the dynamic 
nature of the model i.e. the time axis. In this paper, we present 
an immersive environment that allows data visualization and 
interaction with the objects under study. Our objective is to 
use this platform to better understand the complicated 
phenomenon associated to RF propagation in & around human 
body.   

 
Figure 1 shows a user in our immersive visualization 

environment interacting with the 4D human body model. The 
body model includes frequency dependent dielectric properties 
of 300+ parts of a male human body. These properties are also 
user-definable if custom changes or modifications are desired. 
The human body model has a resolution of 2 mm. Using our 
immersive platform, a researcher is able to place a customized 
antenna at the desired location of the human body and study 
the RF propagation at the target frequency for a variety of 
scenarios or medical applications [2,3,4]. The 4D body model 
that has been developed allows for capturing variations of RF 
signal from implants & wearable nodes in more realistic 
scenarios where human motion is involved (see Fig. 2).   

 
Figure 1.  A user in the NIST immersive visualization environment 

interacting with the 4D human body model 

Other components of the immersive platform include: a 
visual display consisting of three large screens, stereoscopic 
glasses that are motion-tracked, and an input device that is also 
motion-tracked. The three large video projection screens are 
arranged edge-to-edge in a corner configuration; these are used 
as a single 3D stereo display. The 3D scene is updated for the 
position of the stereo glasses given by the motion tracker. This 
enables the immersive platform to present a virtual three-
dimensional world within which the user can move and interact 
with the virtual objects. A hand-held three button motion-
tracked wand with a joystick is the principal interaction device. 
The platform also includes a propagation engine (i.e., HFSS1) 

                                                           
1 HFSS is registered trademark of ANSYS Corporation. HFSS has been used 
in this research to foster understanding. Such identification does not imply 
recommendation or endorsement by the National Institute of Standard and 
Technology, nor does it imply that this product is necessarily the best 
available for the purpose. 

The 8th European Conference on Antennas and Propagation (EuCAP 2014)

978-88-907018-4-9/14/$31.00 ©2014 IEEE 3366



which is three-dimensional full-wave electromagnetic field 
simulator.  

 
Figure 2.  Emulating human walking motion in the immersive platform  

II. SAMPLE RESULTS 
In this section, we briefly highlight few of our current 

research results that can be obtained using the immersive 
platform. Other results have been omitted due to brevity.  

The antenna is an essential component of body area 
networks and has to be carefully designed given the intended 
application. Unlike other applications, the design process for a 
BAN antenna has to consider the environment where it is 
supposed to operate. The immersive platform is an ideal 
environment to evaluate the performance of such antennas. 
We have developed tools to visualize the 3D antenna gain 
patterns in any direction and distance. Fig. 3 demonstrates a 
virtual plane that can be controlled by the user and show the 
signal intensity (i.e. proportional to gain) from the antenna. 
The antenna is shown by the gray square located on the chest 
as observed in Fig. 3. The figures also highlight the body 
surface signal intensity at the same time. Using such tools, an 
antenna designer can visually observe how much of the signal 
energy is propagated off-body and how much is directed on 
the body surface. This is an important issue as the particular 
application could require different antenna design for off-body 
versus body-surface communication. The antenna designer can 
immediately evaluate how the antenna performs on off-body 
versus body-surface links.    

A very interesting phenomenon in body surface propagation 
is the existence of surface diffracted creeping waves. This 
phenomenon greatly impacts the fading characteristics of radio 
waves for on-body communication. Visualization of such 
creeping waves would be a very helpful insight and could 
allow the antenna designer to exploit this characteristic for 
more efficient designs. Poynting vector is a quantity that 
describes the magnitude and direction of the flow of energy in 
electromagnetic waves. The small vectors on the body surface 
shown in Fig. 4 represent the Poynting vector direction and its 
magnitude. With creeping waves, the direction of the Poynting 
vector will be parallel to the surface on which the wave is 
propagating. Using the immersive platform, we have 
developed tools to further observe this property, and 
circumstances under which it occurs. These tools involve 
geometrical and computational techniques to calculate the 
direction of the Poynting vector with respect to the body 
surface at a given distance away from the body.   
 

 
Figure 3.  Horizontal view of off-body and on-body signal intesity 

 
Figure 4.  Poynting vector direction on the body surface 

III. CONCLUSION 
The technology for networking various medical implants 

and body sensors is rapidly evolving with many novel 
applications. As these human body area networks are 
envisioned to pervasively be part of our daily life, the 
evaluation of their operational reliability has to be performed 
in more realistic scenarios. The 4D immersive platform 
discussed in this paper will allow communication engineers to 
better study and understand RF propagation in body area 
networks. Further research is required to evaluate the accuracy 
of the results obtained by this platform.  

REFERENCES 
[1] D. B. Smith, D. Miniutti, and L. W. Hanlen, “Characterization of the 

Body-Area Propagation Channel for Monitoring a Subject Sleeping”, 
IEEE Trans. on anetnna and propagation, Vol. 59, No. 11, Nov. 2011 

[2] K. Sayrafian, W. Yang, J. Hagedorn, J. Terrill, K. Y. Yazdandoost, “A 
Statistical Path Loss Model for Medical Implant Communication 
Channels”, IEEE PIMRC, Sept. 2009 

[3] W. Yang, K. Sayrafian, J. Hagedorn, J. Terrill, K. Y. Yazdandoost, 
“Simulation Study of Body Surface RF Propagation for UWB Wearable 
Medical Sensors”, 2nd International Symposium on Applied Sciences in 
Biomedical and Communication Technologies, Slovakia, Nov. 2009 

[4] W-B. Yang, K. Sayrafian, J. Hagedorn, J. Terrill, K. Y. Yazdandoost, A. 
Taparugssanagorn, M. Hämäläinen, J. Iinatti, “Impact of an Aortic 
Valve Implant on Body Surface UWB Propagation: A Preliminary 
Study”, 5th International Symposium on Medical Information & 
Communication Technology (ISMICT), Montreux, Switzerland, March 
27-30, 2011 

 

The 8th European Conference on Antennas and Propagation (EuCAP 2014)

3367



<<
  /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


