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Electrical Impedance Tomography



Computerized tomography (CT) 



Magnetic resonance imaging (MRI)



Electrical Impedance Tomography
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Electrical Impedance Tomography

Viewing the human subject as a mixture of resistance and reactance, we can

evaluate electrical properties of the subject by injecting a sinusoidal current

between two electrodes attached on the surface boundary of the subject and

measuring the voltage drop at the surface. EIT is based on this bio-impedance

techniques.



What is Electrical Impedance Tomography?

?

inject current through surface electrodes

measure boundary voltage data

reconstruct images of conductivity distribution

conductivity 
reconstruction



Applications

Medical Imaging 

Monitoring of pulmonary function

Imaging gastric emptying

Breast cancer detection

Neuroimaging in acute stroke

Geophysics 

Information about rock porosity, fracture formation.

Imaging underground conducting fluid plumes for 

environmental cleaning.

Non destructive testing 

Identification of defects (voids, cracks) and 

corrosion in materials

Tissue Resistivity 

[Ohm/m]

Cerebrospinal fluid 0.65

Blood 1.5

Liver 3.5

Lung

(expiration-inspiration)

7.27-23.63

Fat 20.6

Bone 16.6

Barber and Brown [1984]



Governing Equation in 3-D



The mathematical model
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Modeling the electrodes
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Inverse Problem

The inverse problem of EIT is to reconstruct images of 

conductivity σ and permittivity distributions ε inside the 

subject from current and voltage measurements of its 

boundary.
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Static EIT reconstruction algorithm 



Numerical Algorithm



4 Channel Example - Data Set
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4 Channel Example – Inverse Problem
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k=1 k=2 k=3

f1k -2.0285 -1.3025 -1.0962

f2k -1.3068 -2.3413 -1.3633

f3k -1.1053 -1.3724 -2.5987

?



Simulate NtD data for a given conductivity
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4 Channel Example – Forward Solver

1st current 2nd current 3rd current



4 Channel Example - Reconstruction Method



Reciprocity theorem
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4 Channel Example - Algorithm
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4 Channel Example - Simulation
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4 Channel Example - Simulation
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0.7 + 0.010 i 1.5 + 0.005 i

1.2 + 0.003 i 1.8 + 0.008 i

real part after 5 iterations imaginary part after 5 iterations



Effect of a geometry error in static EIT

Effect of a boundary geometry error in static EIT:  

The ellipse is the true domain and the circle is the computational domain in (a). 

(b),(c) are reconstructed static images at frequencies of 100 Hz and 50 kHz.

(a) object (b) 100 Hz (c) 50 kHz

background

anomaly



Time difference EIT (tdEIT)



Reconstruction Algorithm 



Phantom experiments - tdEIT 
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Imaging experiments using a phantom including an anomaly of acryl in a saline background.
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Phantom experiments - tdEIT 

Imaging experiments using a phantom including an anomaly of banana in a saline background.

Imaging experiments using a phantom including an anomaly of acryl and banana in a saline background.



Applications - tdEIT

Monitoring of pulmonary functionImaging gastric emptying



Applications where reference is not available

ischemic stroke

In EIT for breast cancer detection or urgent 

neuroimaging in acute stroke, background 

NtD data is not available.

Mammography

hemorrhagic stroke



Frequency difference EIT (FdEIT)



Complex conductivity spectra
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FdEIT using simple difference

Phantom including an anomaly of potato in a carrot background:

Since the carrot background is frequency dependent, the voltage difference 

is dominated by background conductivity including boundary geometry.

Phantom including an anomaly of banana in a saline background:

While the anomaly is frequency dependent, the saline background is 

almost frequency independent. And the simple difference works well.



Why weighted difference is essential?



Key idea of the weighted difference



Sensitivity analysis



Mechanisms of image contrast

• contrast in complex conductivity between an anomaly and background 

• frequency-dependency of a complex conductivity distribution



Numerical simulation



FdEIT reconstruction algorithm



Weights in fdEIT



(c) static EIT images

Effect of a boundary geometry error:  

The ellipse is the true domain and the dotted circle is 

the computational domain in (a). (b) and (c) are 

reconstructed fdEIT and static EIT images, 

respectively at frequencies of 100 Hz and 50 kHz.

(a) object (b) fdEIT image 

Robustness of fdEIT



Numerical simulations of fdEIT image reconstructions using an imaging object including an

anomaly of cucumber in a saline background. The simple difference produced similar fdEIT

images to those by using the weighted difference since the background complex conductivity

did not change much with frequency.

Numerical simulation - 2D



Numerical simulation - 2D

Numerical simulations of fdEIT image reconstructions using a homogeneous imaging object

whose complex conductivity value changes with frequency. Reconstructed fdEIT images using

the simple difference show severe artifacts even for a homogeneous case while images using

the weighted difference are free from artifacts.



Numerical simulations of fdEIT image reconstructions using an imaging object including an

anomaly of banana in a background of carrot pieces. The weighted difference produces

meaningful fdEIT images while the simple difference failed to extract the contrast between the

anomaly and the background .

Numerical simulation - 2D



Phantom experiments

Imaging experiments using a phantom including two anomalies of carrot and banana in a saline

background. Both of simple and weighted difference successfully produces fdEIT images since

the background complex conductivity did not change much with frequency.



Imaging experiments using a homogeneous phantom filled with carrot pieces. Its complex

conductivity changes with frequency and the simple difference produced fdEIT images with

bigger artifacts compared with those using the weighted difference.

Phantom experiments



Imaging experiments using a homogeneous phantom filled with macerated banana. Its complex

conductivity changes with frequency and the simple difference produced fdEIT images with

bigger artifacts compared with those using the weighted difference.

Phantom experiments



Imaging experiments using a homogeneous phantom including an anomaly of banana in a

background of carrot pieces. The amounts artifacts are bigger in images using the simple

difference.

Phantom experiments



Imaging experiments using a homogeneous phantom including an anomaly of carrot in a

background of macerated banana. The amounts artifacts are bigger in images using the simple

difference.

Phantom experiments



Numerical simulation - 3D

one-layer  cylinder model two-layer  cylinder model head model



One-layer model filled with saline background and one cucumber anomaly

WD real

SD real

WD imag

SD imag

0 1 2 3 4 5 6 7 8

Numerical simulation – one layer model 

height



One-layer model filled with banana background and one cucumber anomaly

0 1 2 3 4 5 6 7 8
height

WD real

SD real

WD imag

SD imag

Numerical simulation – one layer model 



Two-layer model filled with saline background and one cucumber anomaly
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Numerical simulation – two layer model 



Two-layer model filled with banana background and one cucumber anomaly

height

WD real

SD real

WD imag

SD imag
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Numerical simulation – two layer model 



head model filled with saline background and one cucumber anomaly

height

WD real

SD real

WD imag

SD imag

0.601          1.101          1.601            2.101           2.601           3.101          3.601           4.101          4.601 

Numerical simulation – realistic head model 



WD real

SD real

WD imag

SD imag

height
0.601          1.101          1.601            2.101           2.601           3.101          3.601           4.101          4.601 

head model filled with banana background and one cucumber anomaly

Numerical simulation – realistic head model 



Thank You !


