Image from data that apeared in Electronics Letters in 1983

the Table that it should be possible to produce an image of
electrical resistivity which distinguishes tissue.

Reconstructed images using resistivity have been obtained
so far only from computer simulation or on laboratory phan-
toms,>* and not from in-vivo measurements. A practical diffi-
culty of in-vivo measurements arises from the contact
resistance between the electrode and the skin of the patient.
This resistance is in series with the resistance to be measured,
and is of the same order of magnitude as the resistance to be
measured. The method to be described circumvents this diffi-
culty.

Applied potential tomography (APT): Fig. 1 shows a two-
dimensional circular object the resistivity distribution of which
is to be determined, and to the surface of which 16 electrodes
have been connected. Suppose current is passed between two
of these electrodes (say numbers 8 and 16), and the electrical
potential at the other electrodes measured. The values of these
potentials must reflect the distribution of current within the
object, and hence the distribution of resistance. In measuring
the potential on the electrode the effect of contact resistance of
the electrode is avoided by using a voltmeter of sufficiently
high input impedance.
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Fig. 1 Electrode positions and equipotentials for a circular region of
uniform resistivity
In this Figure a voltage is applied between electrodes 8 and 16.
V, , is the voltage difference between electrodes 5 and 6 while
current is flowing

The potential can be measured at the electrodes for all pos-
sible pairs of electrodes through which current is applied.
However, these measurements are not all independent; using
N electrodes it is only possible to produce N — 1 independent
current distributions. The voltage differences between adjacent
electrodes are measured, but if one of these electrodes is a
current electrode the measured voltage difference is discarded
because of the voltage drop across the contact resistance. For
N electrodes, N — 3 measurements of voltage difference can be
obtained for each pair of adjacent current electrodes. There is
also reciprocity between the electrode pairs of current applica-
tion and of voltage measurement, and hence it can be shown
that the number of independent measurements is N(N — 3)/2.

In the results to be presented 16 clectrodes were used
(giving 104 independent measurements), and voltage difference
measurements were taken for all possible pairs of current
application in order to average the data and so improve the
signal/noise ratio. The electronic system for obtaining the
measurements will not be described.

Image reconstruction: The voltage measurements were used to
construct an image of the resistivity distribution using an
adaptation of the method of backprojection used in computed
tomography (CT).> Essentially the image is formed from the
profiles of the measurements made on the periphery of the
region to be imaged. For each profile, the simplest image is
formed which could have produced this profile. All these
images, one for each profile, are then added together. In the
case of CT, filtering of this image produces the desired image.

In the present reconstruction method, the peripheral profiles
are the measured voltage differences between adjacent elec-
trodes for each pair of current electrodes. Fig. 1 shows these
lines of constant potential (here called unipotentials) which
end on electrodes for this particular electrode configuration,
and for a medium of uniform resistivity. Consider the voltage
difference between electrodes 5 and 6. If the measured voltage
difference is different from the calculated difference, then the
resistivity in all of the region between the unipotentials which
end on electrodes 5 and 6 is altered to a value such as to
produce the measured potential difference. For a constant
current between the drive electrodes, the resistivity will be
altered in proportion to the voltage difference. The resulting
image formed by backprojecting the profile measurements,
normalised to the case of uniform resistivity, into the regions
between the unipotential lines is the simplest image consistent
with this profile of measurements. The images so produced by
each current configuration are then summed. This summed
image is then filtered, by analogy with CT imaging,? to reduce
the blurring inherent in backprojection.

Results: The above description is essentially two-dimensional,
and results have been obtained by this method for two-
dimensional distributions of resistivity. In practice the dis-
tributions  of  resistivity = of clinical interest are
three-dimensional, and this poses some extra problems for the
reconstruction, because current will flow out of the plane of
the electrodes. In order to demonstrate that in-vivo data can
be collected and used to produce an image, measurements
were made on a human forearm and the data processed using
the two-dimensional algorithm described above. The image
will be contaminated by structures above and below the plane

Fig. 2

a Resistance image of a normal human forearm. Increasing black-
ness denotes increasing resistivity

b Diagrammatic cross-section of the human forearm at the level
imaged in Fig. 2a
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Part of the line printer image of Rod’s arm
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The other half of the dor matrix output
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Electrode positions on Rod’s arm
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My notes showing the data from Rod’s arm mold filled with saline. I have added the
highlight and the red values that were missing. I have used the reciprocal values.
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