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Reconstructionsof chestphantomsby the D-bar
methodfor Electrical ImpedanceTomography

David Isaacson,JenniferL. Mueller, JonathanC. Newell, andSamuliSiltanen .

Abstract— The problem this paper addressesis how to use
the 2-D D-bar method for electrical impedance tomography
with experimental data collected on �nitely many electrodes
covering a portion of the boundary of a body. This requires
an approximation of the Dirichlet-to-Neumann, or voltage-to-
curr ent density map, de�ned on the entire boundary of the
region,fr om a �nite number of matrix elementsof the curr ent-to-
voltage map. Reconstructions fr om experimental data collected
on a saline �lled tank containing agar heart and lung phantoms
are presented,and the results are compared to reconstructions
by the NOSER algorithm on the samedata.

Index Terms— electrical impedancetomography, dir ect recon-
struction algorithm, D-bar method

I . INTRODUCTION

ELECTRICAL impedancetomography(EIT) is a rela-
tively new imaging modality in which electrodesare

placed on the surface of the body and the conductivity in
the interior of the body is reconstructedfrom voltage data
arising from currents applied on the electrodes.Since the
various tissuesand organsin the body often have different
conductivities, an image is createdfrom the reconstruction.
Often,theseelectrodesareplacedaroundthecircumferenceof
the thorax,anda cross-sectionalimageis formedfrom a 2-D
reconstruction.In this geometry, clinical applicationsinclude
monitoring heart and lung function, diagnosisof pulmonary
embolus,anddiagnosisof pulmonaryedema.

The problemis modeledby the conductivity equation
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where
�

denotesa 2-D simply connecteddomain,
�

denotes
the conductivity of the body and

�

the electric potential.
Applying aknown voltage! on theboundaryof

�

corresponds
to the Dirichlet boundarycondition
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where
&(�

denotestheboundaryof
�

. Measuringtheresulting
currentdensitydistribution ) on the boundarycorrespondsto
knowing the Neumannboundarycondition
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where
-

denotesthe outward normal to
&'�

. The mapping
which takes a given voltage distribution on the boundaryto
the resulting current density distribution on the boundaryis
referredto as the Dirichlet-to-Neumann,or voltage-to-current
density, mapand is denotedby .%/ . Thus, .0/�!

�

) .
The uniquenessquestionfor the inverseconductivity prob-

lem is whethertheDirichlet-to-Neumannmapuniquelydeter-
minestheconductivity
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. Thatis, does. /21
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. /#3 imply
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? The reconstructionproblem is how to determine
�*����

���

from knowledge of the Dirichlet-to-Neumannmap.
For a survey of results on the uniquenessquestion under
various assumptionson

�

and
&'�

and for a brief survey
of reconstructionalgorithms,see,for example, [35] or [11]
and the referencestherein. The uniquenessquestion for a
boundeddomainin 9

7

for suf�ciently regular conductivities
having essentiallytwo derivativeswas�rst solvedby Nachman
[37] in 1996, for less regular conductivities with only one
derivative by Brown andUhlmann[16] in 1997,and for :<;

conductivities by AstalaandPäivärinta[3] in 2003.Theproof
[37] usestheD-barmethodof inversescatteringandoutlinesa
directreconstructionmethodfor theconductivity. In a seriesof
papers[43], [45], [35], [36], theauthorspresenteda numerical
method for solving the equationsin Nachman's proof and
appliedthe methodto numericallysimulateddata.

Thispaperaddressestheproblemof how to approximatethe
Dirichlet-to-Neumannmap .0/ de�ned on the entire bound-
ary of

&'�

from measurementsmade only on a portion of
the boundary. In previous publicationsby the authors, the
Dirichlet-to-Neumannmapwasknown.However, in thispaper,
we approximatethe voltage-to-currentdensity operator .�/

from a �nite numberof discretemeasuredmatrix elementsof
the current-to-voltagemapping.To model the currentdensity
on the electrodes,the gap model [48] is employed, and a
matrix representationof the Dirichlet-to-Neumannmap is
derived. This is the �rst paper using the D-bar method to
usethegapmodel;previousworks usedthecontinuummodel
since .

/ was known. We derive an approximationto the
scatteringtransformusedin the D-bar methodin termsof the
discretecurrent-to-voltagematrix. The algorithmis thenused
to reconstructthe conductivity distribution inside a phantom
chest consisting of agar heart and lungs in a saline bath
from current-to-voltagedatameasuredon 32 electrodeson the
boundaryof the tank.

The results from the reconstructionare comparedto the
NOSER algorithm [46], [19]. NOSER,namedfor Newton's
One-StepError Reconstructor, is a linearization-basedalgo-
rithm which takes one step of Newton's Method, using the
bestconstantconductivity approximationfrom the measured
dataasan initial guess.Otherexamplesof linearization-based



2

algorithms include backprojectionmethods[6], [12], [42],
Caldeŕon'sapproach[17], [18], [27], momentmethods[2], and
other one-stepNewton methods[13], [33], [34]. Algorithms
thatsolve thefull nonlinearproblemincludeapproachesbased
on output least-squares[14], [15], [20], [21], [22], [29], [30],
[53], theequation-errorformulation[31], [32], [52], statistical
inversion[28], and layer stripping [47], [51].

This paperis organizedasfollows.In SectionII we describe
the stepsof the reconstructionalgorithm.Descriptionsof the
implementationof thealgorithmareprovidedin thereferences
[43], [45], [35], [36]. SectionIII containsa descriptionof the
electrodemodel as well as de�nitions of the operatorsand
matricesusedin thederivationof thematrix approximationto
the Dirichlet-to-Neumannmap.The derivation of the discrete
�nite approximationto theDirichlet-to-Neumannmapis found
in SectionIV in which we alsoderive anapproximationto the
scatteringtransformin termsof thismatrix.A brief description
of the numericalsolutionof the D-bar equationis alsofound
in SectionIV. SectionV containsthe reconstructionsof the
phantomchestas well as comparisonsto reconstructionsby
the NOSERalgorithm.

I I . THE RECONSTRUCTION ALGORITHM

Nachman's uniquenessproof [37] for the 2-D inverse
conductivity problem outlines a direct procedurefor recon-
structingtheconductivity from knowledgeof theDirichlet-to-
Neumannmap. It is necessaryto brie�y outline the stepsof
the proof to �x notationfor the remainderof the paper. For a
morecompletedescriptionof themethod,thereaderis referred
to the original proof or to [43] or [35]. For an overview of
the D-bar methodappliedto inversescatteringproblems,the
readeris referredto [7]. A selectionof further referenceson
inversescatteringandtheD-bar methodinclude[8], [1], [10],
[41], [39], [9], [25], [38], [40].

The �rst stepof the proof is to transformthe conductivity
equation(1) to the Schr̈odinger equationvia the changeof
variables�

� ���

4��
7��

�

4�� 7

and �

��� �

4��
7

�

. Then
�	�

��


�

�

�

�����

in
� �

(4)

Under the assumptionthat
� �
�

near the boundaryof the
region

�

, one can smoothly extend
� ���

and �

� �

to
the whole plane �
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. Let the variable � denotea point �

�
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, which will also be identi�ed with a point in
the complex plane by writing �
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, where
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denotes
the complex number �
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where# is acomplex
parameter#

�%$'& �

. This motivatesthe useof the Faddeev
exponentiallygrowing solutionssolutionsto the Schr̈odinger
equationin the plane[24]. Nachmanshows that the Faddeev
solutions (
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are the uniquesolutionsto the Schr̈odinger
equation

�	�

��


�

�

(

�

�




#

�"���

�

�

�

7




#

�)$*&%�

(5)

for potentials � given by �

� ���

4	� 7��

�

4��
7

and #
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. That is, for large - �.-

or large - #/- , (
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function space.Next, de�ne the functions 1
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The function 1 satis�es an integral equationanalogousto
the classicalLippmann-Schwingerequation,andapplyingthe
operator 5
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to that equationyields the :
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wherethe functions
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Notethat -
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Nachmanshows that thesolutionof the
:

&

equation(6) satis�es the weakly singularFredholmintegral
equationof the secondkind
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for all #

�A$N&'�

. This formulationis usedin thecomputations
of 1
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Taking the small # limit of 1

�

�




#

�

gives the conductivity
directly at eachpoint � in
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via the formula
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However, computationsof 1

�
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require knowledgeof the
function
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, which is known as the scatteringtransformof
� , andis not directly measurablein experiments.In theproof,
Nachmanshows that

>

�

#
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is relatedto the voltage-to-current
datavia the following integral equationon theboundaryof
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Here .
/ denotesthe voltage-to-currentmapwhen

�

contains
the conductivity distribution
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, .

4

denotesthe voltage-to-
current map when

�

containsa constantconductivity of
�

,
and

G9Y*�

�

�

denotesthe measureof arclengthon
&'�

. Another
integral equationrelatesthe function (
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on
&(�

to the
differenceof the voltage-to-currentmaps .�/ and .

4

, but is
omittedheresinceit is not usedin this implementation.

We summarizethe main stepsof the algorithm:
1. Find the solution to (5) ([-

5�V

from the voltage-to-current
map .

/ suchthat (]\

�����0�

for large - #/- .
2. Determinethe scatteringtransform

>

from the voltage-to-
currentmapusingequation(10).
3. Solve theD-barequation(6) for 1

�
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for �
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, #

�A$^& �

.
4. Reconstruct

�

at eachpoint �

� �

from the formula (9).
In this section we relied on the assumptionthat

� �_�

in a neighborhoodof the boundaryof
�

. In practice, this
assumptionis necessarilyviolated by the presenceof the
electrodeson theboundaryof thetank.Althoughthealgorithm
outlinedin Nachman's proof containsan initial stepin which
theconductivity is reconstructedon

&(�

andsmoothlyextended
to

�

on theboundaryof a slightly largerdomain
� 7

for which
a new Dirichlet-to-Neumannmap is thencalculated,we omit
that step in this work. Instead,we compute

�

best, the best
constantconductivity approximationto

�

from the measured
data(seeappendix1), andscale

�

by
�

best so that

�
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Since .�� /

���

. / for
�

constant, .�� /

�

4

/ best
. / . Thus, we

use the map .�� / as our data correspondingto the scaled
conductivity �

�

. After reconstructing�

�

, we obtain
�

from the
formula

� � �

best �

�

. In the following sectionswe will simply
use the notation

�

to representthe scaledconductivity from
(11) to avoid cumbersomenotation.

I I I . THE EXPERIMENTAL CONFIGURATION

Our experimental chest phantom consists of a circular
tank with 32 equally spacedelectrodes.SeeFigure 1 for an
illustrationof theexperimentalcon�guration. In the following
we will designatethenumberof electrodesby : andtheradius
of thetankby � . Let

�

denotethecircle of radius1 and
���

the
circle of radius � . Let

	

denotethe areaof an electrode.The



th electrodeis centeredat angle �
�

�,K�< 
 a

: . (Here :

���ZK

.)

Fig. 1. The phantomchest.

In practice,a basisof :

�C�

currentpatternswas applied
on the : electrodesand the resulting voltageson the elec-
trodes were measured.Although the algorithm requiresan
approximationto the voltage-to-currentdensity map .�/ , it
is desirableto apply currentsbecausethe currentdensity-to-
voltage map dampserrors and noise in the data, while the
voltage-to-currentdensity map ampli�es such errors. In this
experiment, trigonometric current patternswere applied on
the electrodes.Theseparticularcurrentpatternsmaximizethe
distinguishabilityas de�ned in [26] on the electrodesfor a
homogeneousmedium,andwerechosenfor their easeof use.
Notethatthecurrentdensitypatternsthatmaximizethesignal-
to-noiseratio for any given conductivity distribution can be
determined,as they are the eigenfunctionsof the Dirichlet-
to-Neumannmap [26]. Let �

�

denotethe # th currentpattern
appliedwhere
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and

�

is the current amplitude. Let "

�

�

denote the volt-
age measuredon the




th electrodecorrespondingto the # th
current pattern �
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and normalizedso that #
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. Let
2

. /43

�

denotethe voltage-to-currentdensity operatorcor-
respondingto a (scaled) conductivity distribution
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in
a disk of radius � . (Note that .

4

3

4

then denotesthe map
correspondingto a conductivity of 1 in a disk of radius1.)
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9 /43
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denotethecurrentdensity-to-voltageoperatorcorre-
spondingto a (scaled)conductivity distribution
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in a disk
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We model the currentdensity )
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on the boundaryby
the gapmodelso that
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where < � is thecurrentappliedon the



th electrode,
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� denotes
the




th electrodeand
	

� is the areaof the



th electrode.
We denotethe current-to-voltagematrix by 9>=

/43
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. An entry
of 9

=
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=
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of length : are de�ned in Section4 and
	

is the
areaof anelectrode.(All of theelectrodeshave thesamearea.)
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are the elementsof the discretevoltage-to-currentmap.
Let 9F=

4

3

�

, �

9F=

4

3

�

, and K

4

3

�

be de�ned analogously. The matrix
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is the discretevoltage-to-currentmap that
will serve astheapproximationto .%/

�

.
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in thealgorithm.It
is usedexplicitly in theconstructionof thescatteringtransform

>

�

#

�

. The relationshipbetween.
/

�

.

4

and
L

K is derived in
SectionIV-B.

IV. NUMERICAL TECHNIQUES

In this sectionwe describethenumericaltechniquesusedto
reconstructthe conductivity

�

given by (11) using the D-bar
methodandexperimentaldata.

A. Approximating ( on the boundary

The �rst stepof the reconstructionis to computethe expo-
nentially growing solution ( to equation(5) on the boundary

&'�

of
�

. A Fredholmintegral equationfor computing ( on
&'�

from theDirichlet-to-Neumannmapis givenin [37]. While
this equationis theoreticallysolvable,theoperatorwhich must
be invertedto solve the equationmay no longerbe invertible
when there is noise in the Dirichlet-to-Neumannmap. The
regularizationof this operatoris a subjectof future research.
Instead,we approximate( on

&(�

by its asymptoticbehavior
� �����

andset (
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. This approximationwas
�rst introducedin [43] and was further studiedin [35]. The
effectsof this approximationremainunknown.

B. Approximatingthe ScatteringTransform
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In this section we derive the approximation
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exp to the
scatteringtransformfrom experimentaldatato the theoretical
scatteringtransform
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. Since the formula for
>

�

#
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given
in equation(10) is valid for the Dirichlet-to-Neumannmap
de�ned on the boundaryof the unit disk, we must derive
an approximation

>

exp on a disk of radius � using the matrix
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approximationto . / correspondingto current-to-voltagedata
measuredon : electrodes.

Substitutingthe approximation(
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>

exp gives

>

exp �

#

��� E

5�V

�

� W�

W

�

�

. /43

4 �

.

4

3

4#�?�

���0�

G9Y*�

�

�#�

(13)

As in [43], we expand
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Notethatequation(14) holdson theunit disk while our datais
measuredon a disk of radius � . Since .

/43

4%�

� .
/43

�

, equation
(14) becomes

>

exp �

#

�"�

�

;

�

C

$

T

;

�

E

$

T

�

C

�

:
#

�

�

E

�

#

�

�

�

�

C

�


2�

.0/43

�3�

.

4

3

�2�?�

�

E��

�

�

��� �

(15)
For functions

�+
��

of � ,
��
�� 2

�

�	�

� , let
����� � � 
�� � � ���

�

denotethe discreteinner productde�ned by

����� � � 
�� � � ���

�

�

E

�

� $

4

���

�
�

��� �

�
�

� �

Since .0/43

���

9

�

4

/�3

�

, we have that

�

�

�

C

�




.0/�3

� ���

�

E��

� �

�

��� �

�

	

�

�

�

C

�




	

.0/�3

� ���

�

E��

� �

�

���

�

�

	

�

�

�

C

�




	

9

�

4

/�3

�

���

�

E��

�#�

�

���

�

�

	

�

�

�

C

�


��
9

/43

�

	��

�

4

� �

�

E��

�#�

�

���

Applying the gap model for the currentdensityon the elec-
trodesgives an approximationin termsof the discreteinner
product:
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Using Euler's formula
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C. NumericalSolutionof the :
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The solution 1
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to the D-bar equation(6) is found
by solving the integral equation(8) for all #

� $�& �

and
for each �
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. It is shown in [43] that for suf�ciently
smoothconductivities,

>

�

#
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# is boundedat #

� �

and the
integrandin equation(8) approacheszeroas - #/-

��
 . Thus,
the integral over �
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canbe approximatedby an integral over
a square

3

�

	




	

5

7

on a uniform meshconsistingof �
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square
elements,chosenin sucha way that #

� �

is not on a corner
of a meshelement.Thus, the meshis determinedby

	

and
� , and the length of a side of a meshelementis given by

� �CK
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. Note that the function 1
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#

�

is oscillatory
in both

�

and # , and the # grid shouldbe suf�ciently �ne to
capturetheseoscillations.We solve (8) numerically using a
2-D adaptationof the methodof product integrals presented
in [4]. The idea of the method is to factor the integrand
into its smoothpart andits singularpart andapproximatethe
smoothpart with a simple function, suchas an interpolatory
polynomial.The new integrandis thencomputedanalytically
wherepossible.Seethe references[35] or [36] for a detailed
descriptionof the implementation.

The methodresultsin a systemof the form
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where
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are matricesof size �
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by �
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. This type of
systemis known as � -linear andcanbesolvedby equatingthe
realandimaginarypartsto obtaina linearsystemof size
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by
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in real variableswith two vectorsof unknowns �31

and � 1 . In this implementationthe systemwas solved using
LU decompositionwith partial pivoting and row exchanges,
so thecomputationalcomplexity of themethodis �
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The systemmust be solved for each �

� �

. However, in
practice
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is discretizedinto
�

meshelements,the conduc-
tivity is assumedto be a constant
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in the ) th meshelement,
andthe equationis solved for a speci�ed �
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in meshelement
) . The solution of the system(19) resultsin a set of values
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Thevalueof 1

�

�

� 

� �

wasapproximatedin this implementation
usingbicubicinterpolationon the16valuesof 1

�

�
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#

�

nearest
#

� �

in the # -mesh.
This methodof solving equation(8) describedabove and

in further detail in [35] hasthe advantagethat certainfactors
in the matrix

�

are independentof � , so they needonly be
computedonceandstored.Thus,thefactorsarecomputed,and
then the systemis solved for each �

�

in parallel.Sincethese
computationsareindependent,no communicationis neededin
the parallel implementation.

V. RECONSTRUCTIONS OF CHEST PHANTOMS

Thealgorithmwastestedon experimentaldatacollectedon
a phantomchestwhich consistedof agarheartand lungs in
a salinebath in a tank of radius15 cm with 32 electrodesof
size 1.6 cm high and 2.5 cm wide. The conductivity of the
salinewas424 mS/m,the conductivity of the agarlungswas
240 mS/m, and the conductivity of the agar heart was 750
mS/m.A photoof the con�guration is found in Figure1. The
datawascollectedusingthe ACT3 system[23] at Rensselaer
PolytechnicInstitute.ACT 3 is a 32-electrodesystemoperat-
ing at 28.8 kHz that appliescurrentsand measuresthe real
andquadraturecomponentsof thevoltageon all 32 electrodes
simultaneously.

In this experimentthe trigonometriccurrentpatternsgiven
in SectionIII were applied with an amplitudeof .2 mA on
the32 electrodesandtheresultingvoltagewasmeasured.The
voltage-to-currentmap K0/43

�

was constructedby the method
describedin SectionIII.

The numerical approximationto the scatteringtransform

>

�

#

�

was computedby the method in Section IV-B. The
approximate

>

exp “blew up” exponentiallyfastas - #/- increased,
thatis,

O�PQR��

�

�

S

;

-

>

exp
�

#

�

-

�


 , dueto thefactthatthecompu-
ational

>

exp is a polynomialapproximationto an in�nite power
seriesandthereis noisein thecoef�cients. Theapproximation
was regularizedby truncating

>

exp
�

#

�

to 0 outsidea circle of
radius R in the # -plane. This regularizationwas studied in
[35] wherenoisy simulateddataalso led to blow up in

>

exp.
Also in [35] is a studyof the effectsof truncatingthe actual
scatteringtransform

>

�

#

�

at radius 9 on the reconstructions,
and it is shown that the reconstructionscorrespondingto
such truncationswill converge, as 9

� 
 , to the correct
conductivity, andseveral numericalexamplesareprovided.In
this paper, the truncationradius 9 was chosenby inspection
of thescatteringtransformandthe reconstructedconductivity.
It was found that as 9 increased,oscillations appearedin
the reconstructedconductivity with an unacceptablelevel of
oscillationoccuringwith 9

�+;

. The resultsherecorrespond
to 9

� ���  

, which resultedin a reasonably�at image for
the interior of the homogeneoustank. We do not addressthe
questionof how to choose9 without usingthis kind of apriori
information in this work.

Thereconstructedconductivity wasobtainedby solving the
:

&

equationby the methodof SectionIV-C on the rectangle
3

�����! �
B���  5

7

in the complex # -plane with �

� �"�

(hence
meshelementsof size .1795 by .1795) and on the NOSER,
or “Joshuatree”, meshin the

�

-variable.SeeFigure2 for an
illustrationof themesh.This meshcontains496elements,the
maximum numberof degreesof freedomfor reconstructing
the conductivity from 31 current patternson 32 electrodes
( :

�

:

��� �JaDK

). There are 32 elementson the outermostand
several adjacentlayers. All mesh elementshave the same
areaandcanbe speci�ed by radial andangularsubdivisions.
The Joshuatree meshwas introducedin [19], to which the
readeris referredfor further discussionof the meshdesign.
The conductivity is chosen to be constant in each mesh
elementwith �

�

de�ned to be the radial and angularcenter
of the ) th element.The reconstructionswere then plotted



6

Fig. 2. The 496-elementªJoshuatreeºmesh.

using the ACT3 display systemwhich includes a low-pass
�lter . Reconstructionsfrom the same data sets were also
computedusing the NOSERalgorithm[19]. NOSER,named
for Newton's One-StepError Reconstructor, is a linearization-
basedalgorithm which takes one step of Newton's Method,
using the constantconductivity

�

best as an initial guess.For
moredetailson NOSER,seethe references[19] or [46]. The
samevalue for

�

best was usedin the D-bar imagesas in the
NOSERimages.For the homogeneoustank

�

best

�,;����

mS/m
andfor the phantomchest

�

best

� ��� �

mS/m.

Static reconstructionsof the phantomchest and the ho-
mogeneoustank using the D-bar and NOSERalgorithmsare
found in Figure 3. Differenceimagesformed by subtracting
the reconstructedconductivities are also found in Figure 3.
In the static images,the reconstructedconductivity from the
D-bar methodhasa maximumvalue of 662 mS/m, found in
the heart region. This constitutesa relative error of 12% for
the heartregion. The staticNOSERimageshave a maximum
of 444mS/m,found in theheartregion, which correspondsto
a relative error of 41%. The reconstructedconductivity from
the D-bar methodhasa minimum valueof 185 mS/m,found
in the lung region, which correspondsto a relative error of
23%, comparedwith a relative error of 28% from NOSER
for the lung region. One seesfrom the static image of the
homogeneoustank that the backgroundconductivity of 424
mS/mfor thesalinewaswell-recoveredin theNOSERimages
(to within 3% relative error).As is typical in NOSERimages,
theelectrodesappearasa conductivering aroundtheboundary
of the image.The D-bar image containsa much wider ring
of high conductivity near the boundary, with a minimum
conductivity of 397 mS/m in the interior, which is a relative
errorof 6.5%for thesaline.Thespatialresolutionsof thestatic
reconstructionsof thephantomchestdiffer somewhat.TheD-
bar imagerecoverstheseparationbetweenthetwo agarlungs,
while theNOSERreconstructiondoesnot, but theoverall size

and position of the lungs appearsmore accuratein the static
NOSERimage.Thereis alsodistortionof theagarheartin the
D-bar image.In termsof dynamic range,the NOSER static
imageof thephantomchesthasabout27%of the“truth” while
the dynamicrangeof the D-bar static imageis about93% of
the“truth” where“truth” is takento bethedifferencebetween
the agarconductivity of heart(750) and lungs(240) = 510.

Someartifactsin the D-bar imagesmay be a result of the
omissionof the implementationof the very �rst stepof the
algorithm which requiresreconstructingthe conductivity on
theboundaryof the region, extendingtheconductivity outside
the region to a larger region with a conductivity of 1 on its
boundaryand forming a new Dirichlet-to-Neumannmap for
this new domain.This stepwasnot requiredin previouswork
sincethe datawas numericallysimulated.Implementationof
thisstepis expectedto improvetheimagesandrequiresfurther
research.Choosinga larger truncationradius 9 for

>

exp results
in a smallerconductive ring near the boundary, but contains
oscillations of high and low conductivity in the interior.
Furtherimprovementsmay comefrom a betterrepresentation
of thescatteringtransform,which maybeobtainedby solving
equation(10) for

>

�

#

�

or usinganothertypeof approximation,
suchas the onedevelopedin [35].

For the readercomparingthe imagesin this work to those
in [36], in which reconstructionsof a numericallysimulated
phantom chest are published, we point out that only the
accuracy of thesolutionof theD-barequationwasbeingtested
in [36], sincethe scatteringtransformwascomputedfrom the
de�nition which assumesprior knowledgeof the conductivity
(see[36] for details).Furthermore,the numericallysimulated
chest consistedof a smooth ( �

7

) conductivity distribution,
while thedistribution in this work is discontinuous.Studiesof
numericallysimulateddiscontinuousconductivity distributions
with noise in the data are a subject of future work. The
practical value of the images presentedhere is that they
demonstratethat this kind of regularization of the D-bar
methodworks on experimentaldata and the reconstructions
are reasonablyaccuratein terms of conductivity value and
spatialinformation.

VI . CONCLUSIONS

In this paper, the D-bar method for electrical impedance
tomographyin the 2-D, cross-sectionalgeometrywas further
developedand usedto reconstructagarheartand lung phan-
toms in a saline-�lled tank. The locations of the phantom
heart and lungs were reasonablywell representedin both
thestaticreconstructionsandthedifferenceimages.However,
the reconstructionof the homogeneoustank exhibited a large
artifactneartheboundarydueto thepresenceof theelectrodes.
Thevaluesof the reconstructedconductivity werewithin 23%
of the actual valuesof the phantomchest,and the dynamic
rangeof thereconstructedvalueswas93%of theactualrange.
Theseresultswerecomparedto reconstructionsby theNOSER
algorithmon thesamedata,which yieldedconductivity values
with a 41% relative error, anda dynamicrangeof only 27%
of its actual values.The resultsdemonstratethat the D-bar
algorithm can be usedto obtain useful imageson measured
data,but further re�nementsareneededto reduceartifacts.
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Fig. 3. Top row: Staticreconstructionsof thephantomchestusingtheD-bar
method(left) and NOSER(right). Secondrow: Static reconstructionsof the
homogeneoustankusingtheD-barmethod(left) andNOSER(right). Bottom
row: DifferenceimagesusingD-bar (left) andNOSER(right).

APPENDIX I
COMPUTING � BEST

The best constantconductivity approximationto the mea-
suredvoltagedatacanbecomputedaccordingto thefollowing
formula. Let � denotethe resistivity (the reciprocal of the
conductivity.) Then for a homogeneousmedium,the voltage
on the




th electrodefrom the # th currentpatternis proportional
to the voltagearising from a constantdistribution of one:
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denotethe setof measuredvoltagedataand "
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thecalculatedvoltageon theelectrodes.To �nd the best�t to
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The solution � best to this minimizationproblemis given by
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