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Abstract— Electrical impedance tomography (EIT) tactile
sensors can detect pressure over continuous surface domains
with sub-fingertip level resolution. However, state-of-the-art
EIT tactile sensors are challenging to scale to large-area
coverage of a robot without complete redesign of each unit
due to complexities in the underlying shape of the target robot.
In this work, we present an EIT tactile sensor with a unified
fabrication process that does not depend on the target robot’s
shape by using multi-material 3D printing. Our sensors are
composed mostly of 3D printed materials, eliminating the need
to hand-tailor components. We demonstrate our approach by
printing a curved U-shaped EIT sensor that achieved an average
localization accuracy of 6 = 4 mm when probed.

I. INTRODUCTION

Tactile sensors that can mimic the biological sense of
touch in robots are enabling for robots to safely and effec-
tively interact with the physical environment [1]. Many solu-
tions use modular taxels to scale to the robot’s morphology
[2], [3], but electrical impedance tomography (EIT) tactile
sensors have been demonstrated as an emerging alternative
due to their ability to sense over continuous domains with
high resolution [4], [5]. The demand for whole-body cov-
erage has kept pace with the improving capabilities of EIT
sensors, and recent works have presented large-area instances
of EIT sensors [6]-[8]. However, current EIT tactile sensors
remain difficult to scale in practice because each instance
is manually tailored for a robot’s link, requiring a complete
redesign for new surfaces.

3D printed tactile sensors have been demonstrated to be
scalable to full body coverage when instances are designed
to the target robot’s morphology [9], [10]. Recent works
have achieved EIT sensing over small surface areas using
3D printed components [4], [11], [12], but their fabrication
requires many hand-tailored elements such as custom sili-
cone molding. To unlock the large-area coverage benefits of
3D-printed tactile sensors such as form-fitting design and
shape-agnostic fabrication, all structural components of the
EIT sensor should be 3D-printable.

In this work, we present a 3D printed EIT tactile sensing
platform that uses solely 3D-printed structural components,
including the base; conductive layer; and external covering,
to enhance large-area coverage robot surfaces. Our approach
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Fig. 1: The presented EIT sensor is comprised mostly of 3D-
printed layers. Touch is localized when the patch layer comes into
contact with the conductive bottom layer and changes the resistance
between electrodes across the sensing domain.

uses multi-material 3D printing to fabricate the conductive,
flexible, and rigid elements.

II. METHODS
A. Sensor Design and Fabrication

The proposed sensor adopts a multi-layer architecture as
illustrated in Fig. I} The U-shaped substrate has a radius
of 40 mm and a length of 100 mm. The sensing structure
consists of three primary layers: a 3D-printed conductive
TPU bottom layer serving as the bulk conductor, a highly
conductive patch layer that modulates local conductivity
under mechanical contact, and a flexible 3D-printed top layer
providing structural protection from collisions. Conductive
features (sensing layer) used Recreus Conductive Filaflex
TPU [13] and the top layers used Filaflex 60A TPU [14]. The
patch layer currently uses conductive tape as the piezoresis-
tive element, which can be replaced with high-conductivity
3D-printed materials for fully integrated fabrication. The
assembly is mounted on a rigid 3D-printed base fabricated
from PETG, which provides mechanical stability.

Sixteen electrodes are mounted on a 3D-printed base
and arranged in a 4 x 4 grid along the curved surface,
enabling EIT current injection and voltage measurement,
which results in 120 measurements. The electrical behaviour
of each sensing patch is captured by the equivalent circuit
model shown in Fig. Eka). Under surface normal loading,
mechanical deformation of the patch increases the contact
area between the patch and the bottom layer, reducing
Rpaen and locally increasing the resultant conductivity. This
conductivity perturbation is detected by the EIT measure-
ment system as a change in the boundary voltage pattern,
which is then used to reconstruct the spatial distribution of
conductivity change across the sensor surface.
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Fig. 2: Experimental validation. (a) Photograph of the indentation
test setup. (b) Representative EIT reconstruction showing the lo-
calised conductivity change under single-point contact.

B. Inverse Reconstruction

Following the one-step Gauss—Newton formulation [15],
the conductivity change is recovered in closed form as

Ao = (JTWI + N°R)'JTW AV (1)

RM

where J € R™*™ is the sensitivity matrix relating boundary
voltage changes AV € R™ to conductivity changes Ao €
R™, W is a weighting matrix, A is a regularization hyperpa-
rameter, and R is computed using the Laplace prior [16]. The
reconstruction matrix RM is precomputed offline, enabling
real-time tactile reconstruction at deployment.

III. RESULTS AND DISCUSSION
A. Experimental Setup

A total of 18 predefined test indentations were arranged
in a 6 x 3 grid on the curved surface to evaluate the sensor’s
localization performance. At each position, the indenter was
held stationary for approximately five consecutive frames.
Raw voltage measurements were stored as differential signals
relative to a background reference vj, acquired at the start
of each session. Press events were detected automatically
using a per-channel normalized signal with rolling minimum
baseline subtraction, followed by level-crossing onset detec-
tion. This approach accounts for the non-uniform sensitivity
distribution inherent to EIT, which causes positions near the
electrode boundary to produce significantly larger voltage
responses than interior positions under equivalent loading.
For each detected event, five consecutive frames centered
on the peak response frame were extracted and averaged to
produce a single representative voltage vector per position,
suppressing frame-to-frame measurement noise.

Conductivity reconstructions were performed offline using
the EIDORS toolbox [16] with a Gauss-Newton one-step
solver and Laplace prior regularization (hyperparameter \ =
0.1). The forward model was defined on a tetrahedral finite
element mesh comprising 5,714 elements. A representative
reconstruction is shown in Fig. |Zkb), where the contact re-
gion is clearly localized as a concentrated high-conductivity
hotspot on the curved sensor surface.

B. Localization Error

The estimated contact location p, was computed as the
weighted center of mass of finite elements exceeding 50%
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Fig. 3: Spatial distribution of ground truth and estimated contact
positions on the sensor surface.

of the peak reconstructed conductivity change:

A Zieg do; Vic;
Pr= > ies 00i Vi

where do;, V;, and c; denote the reconstructed conductivity
change, volume, and centroid of the i-th element, and S =
{i : 60; > 0.5 - max;(do;)} is the active element set.
The estimate was subsequently projected onto the nearest
surface mesh node to ensure the result lies on the physical
sensor surface. The localization error PE, was defined as
the Euclidean distance between the projected estimate and
the ground truth position p5:

2

PE, = [|py"" — pf'[l2 3)
The system achieved a mean localization error of 6.25 &
3.55 mm across all 18 test positions, with a minimum of
1.54 mm and a maximum of 14.42 mm. Positions along
the top arc column (X ~ 0 mm) and the right arc column
(X =~ 433 mm) demonstrated consistently low errors, while
positions in the lower rows of the left arc column exhibited
higher errors, attributable to the combined effect of reduced
boundary sensitivity and manual pressing uncertainty of
approximately 8—12 mm observed in that region.

IV. CONCLUSION

This work introduces an EIT-based tactile sensor that is
comprised of 3D-printed layers, bypassing the need for hand-
tailored components. The experimental results show the tac-
tile sensor achieved contact localization on a curved 3D sur-
face with a mean absolute error of 6.25 mm, corresponding
to 6.25% of the sensor length. This performance is achieved
using a one-step Gauss-Newton reconstruction without any
data-driven post-processing, exhibiting the practicality of 3D-
printed EIT tactile sensing.

Future steps include using procedural design to generate
complex form factors that are flush-fit with a target robot’s
surface [9], as well as 3D-printing the remaining non-
structural components such as the electrodes and wires so
that all components can be printed in a single print job [10].
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