
  

Enhancements in Electrical Impedance 
Tomography (EIT)

 Image Reconstruction for 3D Lung 
Imaging 

Brad Graham

School of Information and Technology, 
University of Ottawa Ottawa Canada 
graham.bm@gmail.com

2 Apr 2007

mailto:graham.bm@gmail.com


  

Aim of this work

• Develop enhancements in EIT image 
reconstruction for 3D lung imaging; to remove 
some of the limitations that continue to impede 
its routine use in the clinic

• The aim is attained through the systematic 
achievement of four main objectives:



  

Objectives
1. Improve the method of hyperparameter selection in order to eliminate 

case by case tweaking of parameters, provide repeatability of 
experiments, and reduce the number of reconstructions needed to find 
the best reconstruction for a given data set. 

3. Increase the resolution of 3D models by increasing the number of 
elements in the FEM. This requires the development of an algorithm 
to solve the large inversion using readily available computers. 

5. Determine how to collect 3D data from the chest given some 
equipment limitations and a specific set constraints concerning 
electrode placement. 

7. Determine the viability of non-blurring regularization for 3D lung 
imaging.



  

Signal Processing

Dimension 
Electrode Arrangement
Data collection protocol
Prior
Weighing (Noise)
Norm
Hyper-parameter
Algorithm
Display and Interpretation
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Challenges

• Large body of work available
– Lots of information but few 

recommendations 
• Little rigorous evaluation 

– What parts are important?
– why do people still use back projection? 

– Repeatability
• “Expert/Heuristic  Selection” is pervasive

– Empirical Verification
• Lots of work is simulated only

Dimension 
Electrode Arrangement
Data collection protocol
Prior
Weighing (Noise)
Norm
Hyper-parameter
Algorithm
Display and Interpretation



  

Constraints

• Primarily Lung Imaging 

• Empirical Confirmation
– GOE MF II Type 

Tomography System



  

Contributions.
• O1 - Development of an objective HP selection method 

(BestRes)
– Is as good or better than existing methods while being repeatable 

and intuitive
– First paper only addressed BestRes for 2D

• O2 - Development of a solver that enables the cheap 
solution of large 3D models 
– Convert Elemental Jacobian to Nodal Jacobian and reduce the 

size of HTH
– Can solve with direct inversion. 
– Nodal display is fast
– Also verified BestRes for 3D elemental and 3D Nodal
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• O3 - Determine the best way to collect 3D data 
from the chest given some constraints.
– Proposed several “regular” 3D electrode placement (EP) 

configurations tailored to a 16 electrode adjacent drive 
EIT system are proposed and evaluated in terms of 
several figures of merit, immunity to noise and 
performance in the presence of electrode placement 
errors.

– Decision to use only 2 plane arrangements
– Verified with lab equipment 
– Provide a recommendation

Contributions..



  

Contributions…
• O4 - Evaluation of TV Prior

– The development of the PD-IPM algorithm, it’s explanation and 
implementation are the original work of Andrea Borsic and can be 
found in [22]. 

– The analysis of the algorithm’s performance, including the 
improvement in convergence, the simplification of the β decay 
schedule as well as the design and execution of the algorithm’s 
performance evaluation and subsequent conclusions are the original 
contribution of this thesis.

– Works well for 2D but 3D needs more work 
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Other Contributions

• Routine use of 3D

• Inverse Crime Detection

• Provide a recommendation based on the 4 main 
contributions

• supported  by empirical verification



  

Contributions
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Revisions to EP Config paper



  

Revisions to EP Config paper



  



  

Extra Extra



  

Element based Jacobian

This is the standard eidors3D 
method. Have to invert a 3840*3840 
matrix. Slow and requires pcg run in 
a matlab command line



  

Nodal Jacobian Basis (pre-filtered 
Jacobian)

Only have to invert a 870*870 matrix.

Ran in the full matlab environment 
using backslash operator



  

Direct Inversion:
sol_n = (J'*J +  L_BR*Q)\J' * lecture



  

PCG Inversion:
sol_n = pcg((J'*J +  L_BR*Q),J' * lecture,1e-6,30)



  

Results – heuristic selections…



  

Results – Resolution Curve 
Autoscaling



  

Not Just for an Impulse



  

Vertical profiles through x=0
Iteration 1 is the L^2 Norm



  

Recommendation
• The regularization hyperparameter, λ, is selected using the BestRes 

method

• The norm of the prior is the 2-norm. Use of the 1-norm via the TV 
PD-IPM algorithm requires further work to extend it to the nodal 
basis.

• The prior matrix, R, is the prior from diagonal matrix of the NOSER 
algorithm,   R=diag(HTH), due to its performance in 3D. The Gaussian 
prior performs slightly better in 2D but does not have a suitable analog 
for 3D.

• The data weighting matrix W is left as the identity matrix, and is 
therefore removed from the algorithm. In the case that erroneous 
electrode data has been revealed through a method such as that of 
Asfaw and Adler [6] the problem measurements can be accounted for 
by zeroing each column of the matrix B



  

Recommendation
• The initial conductivity, σ0, is left at a homogenous value of 1. 

Alternatively one can obtain a crude estimate of a static homogenous 
equivalent conductivity through the method discussed in chapter 8. 

• The background conductivity used to calculate the Jacobian, σ*, is left 
at a homogenous value of 1.

• Using the Nodal inverse solver requires that the FEM parameters 
include tetrahedral meshes with linear conductivity on each element.

• For pulmonary imaging we recommend the Planar Electrode 
Placement Strategy discussed in chapter 6. This is an adjacent current 
injection and measurement protocol.


