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Image reconstruction with discontinuous coefficient in electrical 
impedance tomography  

 
 

Abstract. The problem of the image reconstruction in Electrical Impedance Tomography (EIT) is a highly ill-posed inverse problem. There are mainly 
two categories of image reconstruction algorithms, the direct algorithm and the iterative algorithm which was used in this publication. 
The representation of the shape of the boundary and its evolution during an iterative reconstruction process is achieved by the level set function and 
the Chan-Vese model. The forward problem was solved by the finite element method. 
 
Streszczenie. Rekonstrukcja obrazu w tomografii impedancyjnej jest dokonywana poprzez rozwiązanie zagadnienia odwrotnego. Stosując 
algorytmy deterministyczne mamy do dyspozycji dwie kategorie rozwiązania: metodę bezpośrednią i model  iteracyjny, który został wykorzystany 
w tej publikacji. W procesie rekonstrukcji została użyta funkcja zbiorów poziomicowych oraz model Chana-Vese (Rekonstrukcja obrazu 
w zagadnieniu odwrotnym tomografii impedancyjnej). 
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Introduction 
 In this paper was proposed a method based on the 
combination level set idea [5,7,8] and the finite element 
methods [2] to solve the inverse problem in the electrical 
impedance tomography. The presented method was based 
on a numerical scheme for the identification of piecewise 
constant conductivity. 
 
Electrical Impedance Tomography 
 Electrical impedance tomography is a widely 
investigated problem with many applications in physical and 
biological sciences [3,4]. It is well known that the inverse 
problem is nonlinear and highly ill-posed. The forward 
problem in EIT is solved by Laplace’s equation: 
 
(1)  0)(   ugraddiv   
 
where: u - electric potential,   - conductivity. 

The following functional is minimized: 
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where: l - the number of the projection angles. 
The following steps are used in numerical algorithm: 

 From the level set function )( yx ,  (initial) at a 

time level t, find the necessary interface 
information 0})({Γ  yxo ,  

 Calculate the electric potential (solving the Laplace 
equation by using the finite element method)  

0Δ  u  
 Compute the difference of the computed solution 

with the observed data 

0k )(Γ uu   

 Solve the Poisson equation (adjoint equation) 

0uup Δ  

 Find the component of the normal velocity of the 
surface due to the electric potential 

 Find the normal velocity of the level set function  
 Calculate the velocity 

kkk up   

 Update the level set function  
 Reinitialize the level set function. 

 

Numerical Algorithms 
A. Level set method 

 The level set method is known to be a powerful and 
versatile tool to model the evolution of interfaces. The idea 
is merely to define a smooth function  , that represents the 

boundary. The interface information such as tangential and 
normal the derivatives and the curvature at projections are 
obtained from the values of the level set function at grid 
point plus a bilinear interpolations.  

Thus, the interface is captured for all later time, by 
localization of the set (t) for which   vanishes. This 

deceptively trivial statement is of great significance for 
numerical computation primarily, because topological 
changes such as breaking and merging are well defined 
and performed. The motion is analyzed by the convection 
the   values (levels) with the velocity field  . The 

Hamilton-Jacobi equation of the form [7]: 
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is describing this process. 
Here   is the desired velocity on the interface, and is 
arbitrary elsewhere. Actually, only the normal component of 

  is needed 







N , so (3) becomes: 
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In the level set representation, the interface which is the set 
of points (x,y) satisfying   0tx ,  is not explicitly given. 

There is only information )( ii yx , at each grid point.  

 The expression for the curvature of the zero level set 
assigned to the interface itself is given by: 
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Update the level set function  (x,t) by solving the Hamilton-

Jacobi equation:  
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B. Chan-Vese model 

The Chan-Vese algorithm set formulation and 
minimization problem in image processing, to compute 
piecewise-smooth optimal approximations of a given image. 
The proposed model follows and fully generalizes work [1], 
where there was proposed an active contour model without 
edges based on a 2-phase segmentation and level sets I  

and II  . Conductivity γ is represented as: 
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where H is the Heaviside function. 
The functional in the Chan-Vese model is following: 
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where: ω ,η1, η2 – coefficients, so – the original image. 
The functional minimization provides to:  
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In the electrical impedance tomography the derivative of F 
with respect to γ is given by: 
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where: u – the electric potential, p – the adjoint variable. 
 
 The final equation of the level set function was solved 
following: 
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where μ - the coefficient 
 
The iterative algorithm with the Chan-Vese model and the 
reinitialization was shown below (fig.1). 
 
Results 
 The figure 2 presents an image reconstruction in EIT. 
The numerical model was inserted in the inside of the 
examined object. The grid was used by 16×16 elements 
solution, the number of these variables are equal only to 
289. The representation of the shape of the boundary and 
its evolution during an iterative reconstruction process is 
achieved by the level set method. Numerical algorithm is a 
combination of the level set method for following the 
evolving step edges and the numerical method for 
computing the velocity. The pictures show different objects 
and the process reconstruction. The original object is noted 
by the blue line, zero level set function is red, the following 
iterations are green and the final figure is pink. The images 
show the original object and reconstruction after the 
process iterations. In the example the zero level set function 
as an initial condition representing by the circle was used. 
The final contour represents the zero value of the level set 

function. The process reconstruction is good, because the 
region borders are located nearly the object edges. Using 
the different the zero level set function, the object function 
achieves the minimum after the various number of 
iterations. The object in the figure (a) achieves the minimum 
after 416 iterations, whereas the same object in the figure 
(b) achieves the minimum after 631 iterations. Next figures 
(c), (d) show the process reconstruction with the different 
zero level set function. The shape and size of the zero level 
set function does not influence on the final form of the 
finding object. 
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Fig. 1. The iterative algorithm with the Chan-Vese model 
 
 The figure 3 presents an image reconstruction in the 
electrical impedance tomography, too. It can be observed 
that a better quality image is obtained for the higher spatial 
image resolution 32×32. The level set function for 
identifying the unknown shape of an interface was used. 
The pictures show different objects and the process 
reconstruction with the reinitialization. The original object is 
noted by the blue line, the zero level set function is red, the 
following iterations are green and the final figure is pink. In 
the example the zero level set function as initial condition 
representing different shapes was used. The number of 
iterations were increased. For example: the object in the 
figure (a) achieves the minimum after 4636 iterations, 
whereas the other objects in the figures (b), (c), (d) achieve 
the minimum after different iterations. 
 Figure 4 shows the image reconstruction with different 
objects. The grid was used by 16×16 elements solution. 
The representation of the boundary shape and its evolution 
during an iterative reconstruction process is achieved by the 
level set method. The Laplace equation is calculated by the 
numerical method. The original object is noted by the black 
line, and the final figure is pink. Figure (a) shows two 
objects. The pictures: (b) has two objects in the corners, (c) 
three objects, (d) four objects. 
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a)  b) 

   
c) d) 

    
 

Fig. 2. The image reconstruction 16×16 (mesh size):  a, b, c, d) 
different zero level set function 
 

a) b) 

   
c)  d) 

   
 

Fig. 3 The image reconstruction 32×32 (mesh size): a, b) different 
zero level set function – one object, c, d) two objects 

 

a)  b) 

   
 
 
 
 

c)  d) 

   
 

Fig. 4. The image reconstruction in EIT (16×16) ε=0, α =0.5: a) two 
objects, b) two objects in the corners, c) three objects, d) four 
objects  
 
Conclusion 

This paper has introduced the new method of 
approximation of the material coefficient (conductivity). 
There was discussed the application of the level set 
function for identifying the unknown shape of an interface in 
the inverse problem. Level set methods and the Chan-Vese 
model were chosen for the electrical impedance 
tomography. It is sometimes more important to recover the 
shape of the domains containing different materials than to 
recover the values for the materials. There is required to 
identify unknown conductivities from near-boundary 
measurements of the potential in the model problem of the 
electrical impedance tomography. It is assumed that the 
value of the conductivity is known in subregions whose 
boundaries are unknown. The Chan-Vese model for 
identifying the unknown conductivities in the object was 
used. The level set function techniques was shown to be 
successful to identify the unknown boundary shapes. The 
presented techniques were shown to be successful in the 
electrical impedance tomography. 
 

REFERENCES 
[1] Chan T. and Vese L., “Active contours without edges”, IEEE 

Trans. Imag. Proc., vol. 10, pp. 266-277, 2001. 
[2] Filipowicz S.F., Rymarczyk T.: Tomografia Impedancyjna, 

pomiary, konstrukcje i metody tworzenia obrazu. BelStudio, 
Warsaw 2003. 

[3] Filipowicz S.F., Rymarczyk T., Sikora: J. Level Set Method for 
inverse problem solution in electrical impedance tomography. 
XII ICEBI & V EIT Conference. Gdańsk 2004. 

[4] Ito K., Kunish K., Li Z., The Level-Set Function Approach to an 
Inverse Interface Problem, Inverse Problems,  Vol. 17, No. 5, 
pp. 1225-1242, October, 2001. 

[5] Osher S., Santosa F., Level set methods for optimization 
problems involving geometry and constraints. Frequencies of 
a two-density inhomogeneous drum. Journal of Computational 
Physics, 171, pp. 272-288, 2001. 

[6] Osher S., Fedkiw R., Level Set Methods and Dynamic Implicit 
Surfaces, Springer, New York 2003. 

[7] Osher S., Sethian J.A., Fronts Propagating with Curvature 
Dependent Speed: Algorithms Based on Hamilton-Jacobi 
Formulations, Journal of Computational Physics, 79, 12-49, 
1988. 

[8] Sethian J.A., Level Set Methods and Fast Marching Methods, 
Cambridge University Press 1999. 

 
Authors:  
prof. dr hab. inż. Stefan F. Filipowicz, Politechnika Warszawska, 
Instytut Elektrotechniki Teoretycznej I Technik Informacyjnych, Pl. 
Politechniki 1, 00-661 Warszawa, e-mail: 2xf@nov.iem.pw.edu.pl, 
mgr inż. Tomasz Rymarczyk, Instytut Elektrotechniki, 
 ul. Pożaryskiego 28, 04-703 Warszawa, 
 e-mail: tomasz@rymarczyk.com 
prof. dr hab. inż. Jan Sikora, Politechnika Lubelska, Katedra 
Elektroniki, Nadbystrzycka 38d, 20-618 Lublin 



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


