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Abstract— 3D-printed artificial skins are a scalable approach
to whole-body tactile and proximity coverage, but prior imple-
mentations have been limited to unimodal sensing and rigid
materials. To improve the practical usability of 3D-printed
artificial skins, we present a hybrid time-of-flight (ToF) and self-
capacitance (SC) sensing skin that demonstrates multi-modal
sensing integration, soft compliant coverings for impact absorp-
tion and pressure sensing, and a streamlined electrical interface
between printed conductive traces and external electronics. We
show that combining ToF and SC modalities enables contact
detection, scene reconstruction, and pressure-correlated tactile
responses with the compliant covering by deploying six artificial
skin units with 40 sensing elements over an FR3 robot arm.

I. INTRODUCTION

Cameras situated around the workspace of a robot are the
de facto standard for sensing the environment in unstruc-
tured operation, but this mode of sensing is impractical for
detecting imminent contact on a highly dynamic system.
The body of the robot itself often occludes cameras from
seeing the moment of contact, leading to critical gaps in
spatial awareness [1]. Artificial skins that can detect nearby
objects from the exterior of the robot are a direct solution to
combat occlusions, and the observable space they provide is
determined by the sensing modality employed [2].

Time-of-flight (ToF) and self-capacitance (SC) sensing are
two commonly used modalities for measuring proximity [3].
ToF sensing artificial skins measure the time it takes a pulse
of infrared light to reflect off a nearby surface to estimate
distance and can have meter-scale sensing ranges [4]. Capac-
itive sensing skins on the other hand measure how nearby
objects impact an electrostatic field to estimate proximity and
are typically used for close range pre-touch sensing due to
their wide but shallow coverage near the surface of the robot
[5], [6]. Both ToF and SC modalities have been integrated
into modular sensor units that increase observability due to
their complementary sensing coverages [7]-[9], yet scaling
this multi-modal strategy to whole-body coverage requires a
fabrication approach capable of conforming to the complex
geometry of an entire robot body.

3D-printed multi-material artificial skins are a recent
approach that use generative modeling to scale artificial
skin units to large-area coverage and match the shape of a
target robot’s links [10]. Prior 3D-printed skins have been
demonstrated to cover large surface areas but have only
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Fig. 1: The hybrid sensors are composed of three layers: 1) SC
sensors, 2) ToF sensor mounts, and 3) compliant soft covering.

been deployed with rigid components and single sensing
modalities that do not offer continuous sensing coverage
from close to far range [11], [12]. These limitations reduce
their practical utility: unimodal sensors constrain the range
and type of detectable events, and hard plastic coverings
risk damage to robots and humans on contact. Additionally,
ad hoc wiring between printed SC sensors and external
electronics can cause signal drift when wires bend.

To advance 3D-printed artificial skin deployment, we
demonstrate a multi-modal ToF and SC sensing artificial
skin with large-area sensing coverage and soft compliant
protection. This work advances the state-of-the-art for 3D-
printed artificial skins by demonstrating: 1) multi-modal
sensing via hybrid tactile and proximity sensing, 2) a flexible
protective layer that houses internal wiring and electronics in
a collision compliant manner, and 3) a threaded insert design
that eliminates external wiring for printed SC sensors.

II. METHODS
A. Procedural Design

The hybrid skin procedural design is implemented using
Blender geometry nodes to automatically generate around a
robot’s CAD model and promote rapid design feedback. The
procedural design expands on previous works that generate a
form-fitting dermis around the robot’s shape, then randomly
distribute points along the surface of the dermis to instantiate
capacitive sensor rings or custom PCB mounts at [11], [12].
We take advantage of the modular structure of the procedural
design process to add the SC sensors and ToF mounts in
union non-destructively. It should be noted that the ToF
sensors interact with the electromagnetic field and add noise
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