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Abstract

The influence of different voltage measurement and current injection configurations on the
quality of image reconstruction in electrical impedance tomography (EIT) was investigated
using numerical simulations. Adjacent and opposing techniques were systematically used
to examine their effectiveness in voltage acquisition and current delivery. The simulation
model employed 16 equally spaced electrodes arranged around a circular domain, with
an injected alternating current of 1 mA at a frequency of 50 kHz. A circular object with a
conductivity of 0.9 units was sequentially positioned at five distinct locations within the
imaging domain, each spaced 0.05 units apart. The reconstructed images were analyzed
for positional accuracy and contrast resolution. While each configuration offers specific
advantages, they exhibit inherent limitations depending on the application. The results of
this study enable the understanding of the trade-offs involved in selecting electrode drive
and measurement strategies for optimizing image quality in EIT systems.

Keywords: electrical impedance tomography; image reconstruction; adjacent technique;
opposing technique; electrode configuration

1. Introduction

Electrical impedance tomography (EIT) is a non-invasive imaging technique that
visualizes conductivity distribution by injecting electrical currents through electrodes
placed around the surface [1,2]. EIT offers advantages over traditional imaging methods
such as computed tomography and magnetic resonance imaging, including low cost,
real-time continuous monitoring, and non-ionizing radiation [1,3]. However, EIT faces
challenges such as low spatial resolution due to the ill-posed nature of the problem, noise,
artifacts from electrode contact, and image reconstruction issues, making it difficult to
apply in clinical settings [1,2,4,5]. The quality of image reconstruction in EIT is significantly
influenced by the choice of current injection and voltage measurement patterns [6,7].
Different configurations impact the quality of localization, contrast, and detail in the final
image. One of the most commonly employed setups is the Adjacent-Adjacent (AD/AD)
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pattern, where current and voltage are measured between neighboring electrodes [6,8]. This
approach is favored for its simplicity but often struggles with lower resolution, particularly
when the object is positioned near the center of the imaging domain. Another widely
used configuration, Opposite-Opposite (OP/OP), offers improved image detail due to the
broader spread of the current but is prone to artifacts, such as mirror images, which can
complicate the interpretation of results [8].

Beyond these standard patterns, alternative configurations such as Opposite-Adjacent
(OP/AD) and Adjacent-Opposite (AD/OP) present a potential compromise between image
sharpness and accurate object localization [7]. However, the performance of these patterns
across different object positions within the imaging region has not been extensively ex-
plored [6]. Understanding how these patterns affect the quality of reconstructed images is
crucial for improving EIT applications, particularly in scenarios requiring high localization
accuracy and contrast resolution.

This study seeks to evaluate the effectiveness of these four electrode configurations,
AD/AD, OP/AD, AD/OP, and OP/OP, in reconstructing the conductivity distribution of a
non-conductive object as it moves through various positions within a saline medium. By
systematically assessing the strengths and limitations of each configuration, we explored
optimal electrode pattern selection, especially in cases where object position, conductivity
contrast, and image quality are concerns.

2. Method

Simulations were carried out in a cylindrical tank measuring 160 mm in diameter,
filled with saline solution with a conductivity of 1.5 5/m, a common choice for EIT experi-
ments [9]. A non-conductive circular object with a size of 13 pixels (equivalent to 8 mm
or 0.05 units) was placed in five distinct positions along a radial path, starting from the
center of the tank (position 1) and moving outward in increments of 25.5 pixels until it
reached the farthest point (position 5), corresponding to a maximum distance of 102 pix-
els (approximately 60 mm). The tank was equipped with 16 electrodes arranged evenly
around its circumference. An alternating current of 1 mA at a frequency of 50 kHz was
applied for current injection, and voltage was measured at the remaining electrodes in
each configuration. Image reconstruction was performed using EIT and diffuse optical
tomography reconstruction software (EIDORS), which employed the Gauss-Newton one-
step solver combined with a Laplace image to enhance smoothness and reduce noise in
the reconstructed images [3,10]. The resulting images had a resolution of 256 x 256 pixels,
corresponding to the 160 mm diameter of the tank, giving a mapping of 16 pixels per
10 mm. The non-conductive object, therefore, occupied approximately 13 pixels in the
reconstructed images. This setup allowed for a detailed evaluation of how each pattern
affected the quality and accuracy of the reconstructed images as the object moved through
the tank.

3. Results and Discussions

In the simulation, the reconstructed conductivity images for the four patterns—
AD/AD, OP/AD, AD/OP, and OP/OP—showed clear differences as the object moved
from the center to the boundary.

At position 1 (object at the center), the reconstructions from all four patterns appeared
identical (Figure 1). This is a known challenge in EIT, as objects at the center are hard to
resolve due to the symmetry of the system. The reconstructed size of the non-conductive
object was larger than its true size, with a significant blur radius around the object. This
overestimation made the object appear bigger than its actual dimensions. The profile lines
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also confirmed this, showing a broad, shallow dip in conductivity rather than the expected
sharp boundaries (Figure 2).
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Figure 1. Reconstructed conductivity distribution images for position 1 (center), using the AD/AD,
OP/AD, AD/OP, and OP/OP patterns.
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Figure 2. Profile line through the 128th pixel for position 1.

At position 2, as the object moved away from the center, differences between the
patterns started to emerge. The OP/OP pattern began to diverge, showing a larger blur
radius around the object (Figure 3). The object was still localized correctly, but the size
distortion in the OP/OP pattern was more pronounced. The AD/AD, OP/AD, and AD/OP
patterns produced similar reconstructions, though the blur around the object remained. The
profile lines indicated a shift in the conductivity drop to match the object’s new location,
with AD/AD showing a slightly larger blur radius compared to OP/AD and AD/OP
(Figure 4).

AD-AD AD-OP OP-AD OP-OP

Figure 3. Reconstructed conductivity distribution images for position 2, using the AD/AD, OP/AD,
AD/OP, and OP/OP patterns.

At position 3, the OP/OP pattern displayed a clear mirror image on the left side
of the image, while the real object remained on the right (Figure 5). The blur radius
in the OP/OP pattern was reduced compared to earlier positions, but the mirror image
introduced ambiguity. In contrast, the AD/AD, OP/AD, and AD/OP patterns localized the
object correctly without the mirror effect, though AD/AD showed a larger blur radius, which
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affected the perceived size of the object. The profile line at pixel 179 (Figure 6) confirmed this,
with the OP/OP pattern showing dips on both sides due to the real and mirrored objects.
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Figure 4. Profile line through the 128th pixel for position 2.
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Figure 5. Reconstructed conductivity distribution images for position 3, using the AD/AD, OP/AD,
AD/OP, and OP/OP patterns.
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Figure 6. Profile line through the 128th pixel for position 3.

At position 4, as the object neared the boundary, the OP/OP pattern continued to
show the real object clearly on the right, with the mirror image on the left (Figure 7). The
object size was reconstructed more accurately as the blur radius decreased. In the AD/AD,
OP/AD, and AD/QP patterns, the AD/AD case showed a larger blur radius than OP/AD
and AD/QOP, leading to some size inaccuracies. The profile lines showed a clear separation
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between the real and mirrored objects in the OP/OP pattern, while the other patterns
showed a more focused drop in conductivity at the object’s true position (Figure 8).
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Figure 7. Reconstructed conductivity distribution images for position 4, using the AD/AD, OP/AD,
AD/OP, and OP/OP patterns.
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Figure 8. Profile line through the 128th pixel for position 4.

At position 5, closest to the boundary, the OP/OP pattern continued to show the
mirror image on the left, with the real object accurately resolved on the right (Figure 9). The
blur radius was minimal, and the object size was more precise. In the AD/AD, OP/AD, and
AD/OP patterns, the object was localized correctly, but AD/AD again showed a slightly
larger blur radius, resulting in a small size discrepancy compared to OP/AD and AD/OP.
The profile lines at pixel 230 confirmed this, with the OP/OP pattern displaying both the
real and mirrored objects, while the other patterns produced accurate but slightly blurred
profiles (Figure 10).
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Figure 9. Reconstructed conductivity distribution images for position 5, using the AD/AD, OP/AD,
AD/OP, and OP/OP patterns.

o

Overall, the OP/OP pattern introduced a mirror image as the object moved away
from the center, with the real object consistently appearing on the right side. As the object
approached the boundary, the reconstructed size became more accurate, and the blur
radius decreased across all patterns. However, the AD/AD pattern consistently produced
a larger blur radius compared to OP/AD and AD/OP, leading to size inaccuracies in the
reconstructed images, especially at greater distances from the center.
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Figure 10. Profile line through the 128th pixel for position 5.

4. Conclusions

This simulation study evaluated the effects of different current injection and voltage
measurement patterns on the reconstruction accuracy of EIT images. By analyzing four
distinct configurations, AD/AD, OP/AD, AD/OP, and OP/OP, across five object positions,
important strengths and limitations of each pattern were obtained. At the center of the
tank, all patterns struggled to accurately reconstruct the non-conductive object, with a
significantly larger-than-expected blur radius due to the inherent challenges of resolving
objects located in the middle of the domain. As the object moved outward, the OP/OP
pattern began to diverge from the other configurations, initially showing an increased
blur radius but later introducing a mirror image effect that became more pronounced
in subsequent positions. This mirror image appeared consistently on the left side of the
reconstruction, while the real object was correctly positioned on the right, highlighting the
limitations of using the OP/OP pattern for accurate localization. In contrast, the AD/AD,
OP/AD, and AD/QOP patterns showed better overall performance in terms of localizing
the object as it moved closer to the boundary. However, the AD/AD pattern consistently
generated a larger blur radius compared to OP/AD and AD/ODP, resulting in less precise
representations of the object’s size, especially as it moved away from the center. Despite this,
both OP/AD and AD/OP provided sharper reconstructions, making them more reliable
for accurately capturing the object’s true size and location. The study demonstrates that the
OP/OP pattern, while capable of localizing objects, introduces ambiguity due to the mirror
image effect, making it less suitable for applications requiring precise object positioning.
On the other hand, AD/AD, OP/AD, and AD/OP patterns offer more consistent results,
with OP/AD and AD/OP producing the most accurate reconstructions, especially for
objects located further from the center. These findings underscore the importance of
selecting the appropriate measurement pattern in EIT applications to ensure accurate image
reconstruction and object localization.
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