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ABSTRACT: One unfortunate occurrence in experimental measurements with electrical impedance 
tomography is electrodes which become detached or poorly connected, such that the measured data cannot 
be used. This paper presents an automatic approach to detect such erroneous electrodes. It is based on the 
assumption that all valid measurements are related by the image reconstruction model, while the 
measurements from erroneous electrodes are unrelated. The method calculates an estimate of the data at an 
electrode, based on the measurements from all other electrodes, and compares this to the measurements. If 
these data match, the set of electrodes does not contain an erroneous electrode. In order to detect an 
erroneous electrode amongst N electrodes, all sets of N-1 electrodes are tested, and the set with the best 
match between measurements and estimate is identified as the one which excludes the erroneous electrode. 
Tests were performed on experimental data and showed consistent identification of erroneous electrodes 
with those made by a trained user.  
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1. INTRODUCTION 
Electrical Impedance Tomography (EIT) uses body surface electrodes to make measurements 
from which an image of the conductivity distribution is calculated. However, one important 
difficulty with experimental and clinical EIT measurements is the care required to ensure proper 
electrode measurements. Many conditions can cause electrodes to give false readings, such as 
electronics noise and errors [3], as well as poor electrode contact due to patient movement [5], 
sweat and peripheral oedema, especially in long term monitoring applications [6]. Given a set of 
data containing measurements with errors, it is desired to calculate an image based on the 
remaining good data. In order to accomplish this, we have developed a methodology to 
reconstruct EIT images in the presence of single electrode errors [2]. 
 
One limitation of our previous work is the requirement that the erroneous electrodes must be 
identified to the algorithm by an operator. However, the ability to automatically identify 
erroneous electrodes is a potentially important capability for clinical and experimental 
applications of EIT. In this paper, we present a method to allow automatic detection of such 
erroneous electrodes. 
 

2. METHODS AND DATA 
The presence of an erroneous electrode in EIT introduces artefacts into the reconstructed images. 
This suggests a test for the presence of faulty electrodes could be based on analysis of images for 
unusual features. The disadvantage of such an heuristic approach is the difficulty in defining the 
nature of such an image artefact, in relation to an unusual, but accurate, measurement. 
 
We propose a method based on comparing the measurements obtained on all electrodes to each 
other. Since all electrodes measure the same medium, it is reasonable to expect that “good” 
electrodes will produce measurements consistent with each other. The “consistency” of a set of 



electrodes can be verified by estimating the measured data at each electrode in the set, using only 
measurements on other electrodes ([2]), and then comparing the estimate to the actual data 
measured. A set of electrodes with consistent measurements must contain all “good” electrodes. 
In order to test an N electrode EIT system, we test all possible sets of N-1 electrodes; if only one 
of the subsets contains all “good” electrodes, then the electrode excluded from that set must be 
erroneous. 

2.1. Image reconstruction with missing data 

We consider EIT difference imaging. The forward model estimates the vector of the change in 
conductivity distribution (x) from a vector of change in difference measurements (z) and 
Gaussian noise (n). For small changes in x, the relationship is linearized as: 

                                                                 nHxz +=  (1) 

where H is the Jacobian (sensitivity). The EIT image reconstruction algorithm will then calculate 
an estimate of the change in conductivity ( x̂ ) from z. For a one pass algorithm [2], image 
reconstruction may be simplified to a single matrix multiplication, expressed as: 

                                          Bzx =ˆ  (2) 

It is possible to modify B to estimate ( x̂ ) using a subset of the available measurements. One 
approach [2] is to express image reconstruction in terms of MAP regularization, and set the noise 
variance on unused measurements to ∞ . We use the notation ( )ji,eeB  for the reconstruction 
matrix designed not to use measurements made with electrodes ie  and je . 

2.2 Detection of erroneous electrodes 

The following method analyses difference EIT data from a set of electrodes S, in order to detect 
the presence of a single erroneous electrode. Figure 1 outlines the steps of the method. 
 

Define set S = { ie  | i = 1....N} 
For all ie  in S 
 Define set, S�, without electrode ie : S�= { je : j = 1....N, j�i}   
 For all je  in S�  
  Calculate image:  ( )zBx ji ee ,ˆ =  

 Estimate measurements on je :  xHz ˆˆ jj =  
  Calculate: jjjE zz ˆ−=  

  ET
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If iT  is significantly less than other values, detect ie  as erroneous electrode 

Figure 1: Pseudocode for detection of an erroneous electrode. 

We iterate over each electrode ie  in S, forming a set S� of all electrodes not including ie . S� is 
then tested to calculate a parameter iT  which reflects the consistency of measurements among 
electrodes in S�. If iT  is low, S� contains all “good” electrodes, otherwise it contains at least one 
erroneous electrode. iT  is the sum of estimation errors jE for each electrode je  in S�. The 
estimation error is defined as: 

  jjjE zz ˆ−=  (3) 

where jz  is the vector of differential measurements made using je , and jẑ  is the estimate of jz  
based on all electrodes in S� except je . It is calculated by 

 xHz ˆˆ jj =  (4) 



where jH  is the rows of the sensitivity matrix H which correspond to measurements on je , and 

 ( )zBx ji ee ,ˆ =  (5) 

It is necessary to calculate the estimate without measurements from electrodes ie  and je , because 
ie  is not part of S�, and je  is the electrode is being estimated. After iT  values are calculated, they 

are tested against each other to detect if any are significantly less than the others. If iT  meets this 
condition, electrode ie  is detected as an erroneous electrode. 

2.3 Data 

EIT data were obtained from previous experiments [3]. Mechanically ventilated mongrel dogs 
had sixteen ECG-style electrodes spaced evenly around the shaved thorax 10 cm above the base 
of the rib cage. Data acquisition was triggered 100 ms after the QRS peak of the ECG at end 
expiration and end inspiration. Adjacent drive EIT measurements were acquired every half hour 
for six hours. Four animals, of nineteen, showed some level of electrode errors. Images were 
calculated corresponding to data measured at each inspiration. The gold standard for electrode 
error was based on human assessment. A graphic user interface was designed to present 
reconstructed EIT images to experienced users. Users were asked to classify each image as either: 
1) No error, 2) Possible error, or 3) Error (definite).  

3 RESULTS 
This method was applied to the three sets of representative EIT data: data with no error (Fig. 2A), 
data with a small error (Fig. 2B), and data with a typical error (Fig. 2C) (based on our experience 
of EIT errors). The reconstructed images and graphs of iT  vs. electrode number are shown. Data 
with errors (2B and 2C) show higher overall values of iT , compared to error free data (2A). In 
both cases, electrodes with errors have significantly lower iT  (p<0.05), although the significance 
level is greater with larger error (2C). Data with large errors is not presented, but tests also show 
significantly lower iT  for erroneous electrodes. In the case of Fig. 2C, two adjacent electrodes 
are detected. We have noted that this is not uncommon result with this method with larger data 
errors. The method is currently implemented in Matlab, and requires 20 sec. for each EIT data set 
on an Athlon 1.8Ghz computer. 
 

4 DISCUSSION 
In this paper, we have presented a method to automatically detect an erroneous electrode in EIT 
data. The method is based on the assumption that an erroneous electrode produces measurements 
inconsistent with those from other good electrodes. Results show that the method is able to 
correctly detect the presence of and identify the location of erroneous electrodes in sample data. 
Currently, the detection threshold was set to the minimum level, allowing the method to prefer 
false identification of errors. One possible extension to the method is for detection of multiple 
electrode errors by selecting two or more candidate electrodes at a time. 
 
Automatic detection of electrode errors in EIT has several possible applications. In offline 
processing, such a technique could identify and correct for such errors. More usefully, if 
implemented in EIT monitoring equipment, it would be possible to alert staff who could then 
attend to the problem. However, for such online applications, the algorithm is still too slow (30s) 
for real-time data analysis, but would permit erroneous error detection in the background. 
 
 
 



         

     
Figure 2: Upper row: images of tidal ventilation in a dog. Electrodes are numbered clockwise with 
electrode zero at the top centre. Images are individually normalized to the colourscale (arbitrary units) at 
right. Bottom row: parameter T for each electrode. (A) no erroneous electrode (B) data with erroneous 
electrode with small error signal (C) data with erroneous electrode with typical error signal.  Arrows show 
the location of the erroneous electrode(s). 
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