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Figure 1: The WiReSens Toolkit bridges the gap between fabricating resistive tactile sensors and deploying scalable touch-
interactive systems. Combining open-source hardware and software uniquely designed for portability, adaptivity, and efficiency,
it interfaces with a web-based GUI that enables novices in embedded sensing to rapidly prototype across diverse users, form

factors, and application domains.

Abstract

Past research has widely explored the design and fabrication of
resistive matrix-based tactile sensors for creating touch-sensitive
devices. However, real-world deployment of resistive tactile sens-
ing systems remains difficult for individuals with limited prior
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experience in embedded sensing due to challenges of portability,
adaptivity, and efficiency. We introduce the WiReSens Toolkit, an
accessible, open-source platform to bridge this gap. Central to our
approach is adaptive hardware for interfacing with resistive sen-
sors and a web-based GUI that streamlines access to advanced
features for building scalable tactile sensing systems, including
multi-device programming and wireless visualization across three
communication protocols, autocalibration for adaptive sensitivity,
and intermittent data transmission for low-power use. We validated
the toolkit’s usability through a user study with 11 novice partici-
pants, who, on average, configured a tactile sensor with over 95%
accuracy in under five minutes, calibrated sensors 10x faster than
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baseline methods, and showed improved sense-making of tactile
data.

CCS Concepts
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infrastructure needed to deploy tactile sensors at scale in real-world
contexts. WiReSens mediates access to the complex functionality
needed for deploying resistive matrix-based sensors through a web-
based graphical user-interface (GUI) that interfaces with carefully
designed hardware and software.The platform is fully open-source,
with usage instructions and supplementary materials available on-
line via a dedicated websites well as through GitHuBto support
future updates.

The software and hardware underlying the WiReSens Toolkit is
uniquely designed for accessibility, portability, adaptivity, and e -
ciency. The toolkit targets novices in embedded sensing, o ering
intuitive interfaces for con guring sensor readout and visualiz-
ing real-time, contextually relevant sensor data. Our platform also
broadens the environments in which users can con dently deploy
sensors by supporting multi-device communication over three wire-
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1 Introduction

Tactile sensors endow humans and everyday objects with the ability
to capture, understand, and augment tangible interactions, increas-
ingly nding applications within cyber-physical systems[, the
Internet of Things (loT) £], and Human-Computer Interaction
(HCI) [31, 39. While a variety of principles have been employed

to sense touch, many researchers adopt resistive matrix-based ap-

proaches 28 47, 53 where a piezoresistive material is sandwiched
between two orthogonal electrode arrays to measure applied pres-

interchangeable with the click of a button. In addition, it intro-
duces an automatic sensitivity calibration method to preserve data
quality when resistive matrix-based sensors are repurposed across
users, form factors, or applications. Finally, the WiReSens Toolkit
provides interaction-aware data transmission through intermittent
sending, enabling tangible interactions to be captured over a longer
duration by enabling devices to predict sensor readings instead of
sending them wirelessly.

We evaluate the WiReSens Toolkit against its design goals of
portability, adaptivity, and e ciency through a series of technical
experiments, a user study, and deployment in diverse application
scenarios. By using our toolkit to deploy up to ve simultaneously

sure via resistance changes. This approach is appealing because ittransmitting tactile sensing devices each with 1024 unique sensing

is intuitive, reduces the need for extensive wirin@7], and past
research has demonstrated that it can be implemented via a variety
of fabrication techniques [1, 25, 34, 53].

To realize a vision of ubiquitous tactile sensing for large-scale
understanding of tangible interactions, infrastructure beyond sen-
sor manufacturing is essential. Deploying resistive tactile sensing
devices in real-world settings presently involves substantial over-
head that can result in ine cient system designs. To be portable,
these devices must rely on wireless communication. Each protocol
presents trade-o s in range, bandwidth, power consumption, and
environmental suitability L7, and developers may invest time im-
plementing one protocol only to nd that another is better suited
to a new application. Covering multiple sensing surfaces further
requires multi-device synchronization, and wireless communica-
tion itself is power-intensive 43, often limiting capture duration
unless custom energy-saving strategies are employed. Addition
ally, resistive tactile sensors require careful calibration, as signal
ranges can vary widely due to fabrication inconsistencies and the
diversity of interaction types they are designed to captuds[3§.
This makes it di cult to ensure consistent pressure readings across
devices or users. Without a streamlined infrastructure to handle
these challenges, the deployment of resistive tactile sensing systems
remains tedious at best and infeasible at scale.

To address these challenges, this paper introduces the WiReSens

Toolkit: an open-source platform designed speci cally for novices
in embedded sensing (Fig. 1). We take inspiration from sensing
toolkits that simplify prototyping through domain-speci ¢ abstrac-
tions [40, 42 59 to design a platform that provides the missing

taxels and to interface with sensors fabricated using four established
methods from prior work, we demonstrate robust multi-sender wire-
less communication across all three supported protocols, optimized
pressure resolution during readout, and up to a 42% increase in
device lifetime through interaction-aware intermittent transmis-
sion. We also conducted a user study with 11 novice users, which
demonstrated that the platform has excellent usability, streamlines
access to complex functionality, and helps users better interpret
pressure data visualizations. We nally demonstrate the exibility
of our toolkit by using it to rapidly prototype various applications,
including musical gloves, shoe soles for gait monitoring, a pillow for
posture monitoring and remote control, and a smart home welcome
mat.

In summary, this work contributes

A exible platform for prototyping wireless resistive

tactile sensing systems, including a web-based GUI for
quick sensor recon guration and interactive data visualiza-
tion; an open-source resistive sensor readout circuit available
in two sizes; and an adaptive hardware module with on-
device auto-calibration to support sensitivity tuning across
users, form factors, and applications. We also implement
interaction-aware wireless transmission methods that re-
duce power consumption during periods of tactile inactivity.
A technical evaluation validating the system's robustness
and e ciency, demonstrating reliable multi-device wireless

Lhttps://wiresens-materials.vercel.app/
2https:/igithub.com/WiReSens-Toolkit
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Figure 2: Typical layout of a resistive matrix-based pressure
sensing form factor, with a resistive layer sandwiched be-
tween two sets of orthogonally positioned electrodes.

communication across protocols, improved pressure resolu-
tion through adaptive readout optimization, and up to a 42%
increase in device lifetime with intermittent transmission.

A user study and application-driven validation , show-

ing that the toolkit supports intuitive con guration, cali-
bration, and visualization work ows for novices. Example
applications illustrate how the system enables rapid deploy-
ment of custom wireless tactile interfaces across diverse use
cases.

2 Related Work

The WiReSens Toolkit is built upon the principle of resistive pres-
sure sensing and is most similar to prior works which facilitate the
creation of interactive touch-sensing systems. We rst provide an
overview of resistive pressure sensing before situating WiReSens
Toolkit within the landscape of toolkits designed for tactile sensing.

2.1 Resistive Pressure Sensing

is present in optical pressure sensors, as wires can easily be added
or removed and spaced tighter or more spread out. When combined
with digital fabrication approaches like machine knittindgg, dig-

ital embroidery [1], 3d printing [25, and exible circuit printing

[34, it has allowed resistive sensing to be incorporated in a variety
of form factors like hand bags [36], carpets [28, 52], and even hair
extensions 83. We show how our toolkit is adaptable to these
various fabrication approaches in this papef®olkit Evaluation
section.

Pressure signals are typically read from a resistive sensing matrix
using a zero potential scanning readout circuf, [19, the hard-
ware on which WiReSens Toolkit is also built (Fig. 4B). The circuit
topology is well established and widely adopted due to its ability
to reduce crosstalk between neighboring electrodgis Although
some works provide similar open-source hardwarkl[15 17,
WiReSens Toolkit supports a higher density (up to 1024 pressure
sensing locations), and to our knowledge is the rst open-source
hardware which includes a digital potentiometer in this architecture
for tuning sensitivity.

2.2 Touch Sensing Toolkits

A range of toolkits have been developed to facilitate prototyping
touch sensing applications, with early works focusing primarily on
capacitive sensing. CapToolKit by Wimmer et 5] and Midas

by Savage et a[42] were among the rst to provide open-source
hardware and software to streamline the prototyping of capacitive
touch interfaces. Midas lowered the barrier to designing custom
capacitive sensors which could be fabricated using digital manufac-
turing techniques such as inkjet printing, vinyl cutting, and CNC
milling. These contributions allowed researchers and designers to
rapidly iterate on new touch-sensing applications without need-
ing deep expertise in circuit design or signal processing. Building
on this foundation, the Multi-Touch Kit 7] further abstracted
capacitive sensor processing by introducing an Arduino library
for mutual capacitance-based multi-touch arrays. This allowed ca-
pacitive touch sensors to be implemented using only a standard

Past research has explored various methods for dynamic pressure microcontroller (MCU). While these toolkits provided valuable ab-

sensing, with optical, capacitive, and resistive techniques being

among the most widely used. Optical tactile sensors, such as Gel-

Sight [57], analyze light pattern changes caused by material defor-
mation under pressure. While o ering high resolution and perfor-
mance, these sensors often rely on proprietary hardware and face
limitations in scalability and exibility due to visual occlusion chal-
lenges. Capacitive sensing, on the other hand, typically involves two

conductive electrodes separated by a deformable dielectric layer,

where applied pressure alters capacitan2d|[ However, capacitive
methods often require shielding layers to mitigate stray capaci-
tances B, 44. Additionally, capacitive sensing is more commonly
used in a mutual 1§ or swept-frequency #1] setup for binary
touch detection or proximity sensing4q rather than precise pres-

stractions for capacitive touch sensing, they primarily supported
binary multi-touch detection.

Support for resistive touch sensing is typically limited to spe-
ci c application contexts and sensor types. The E256 project by
Donneaud et al[11] provides open-source Arduino rmware for
denoised readout of resistive matrix-based eTextiles designed for
musical expression. By leveraging a fabric-based piezoresistive
sensor, E256 enables pressure-sensitive interaction beyond simple
binary touch detection. Similar to the Multi-Touch kit, it includes
Processing software for real-time visualization of sensor readings.
Additionally, the 3D ViTac system by Huang et §1 7] has expanded
accessibility within robotics communities by o ering a hardware
guide, Arduino rmware, and Python ROS libraries for parallel

sure measurement. This work therefore focuses on resistive-based gripper resistive tactile sensors.

pressure sensing.
In resistive pressure sensing, orthogonally arranged electrodes
sandwiching a piezoresistive layer form a 2D sensing matrix, where

WiReSens Toolkit builds upon these prior works (Table 1) across
key areas of HCI toolkit contributions as identi ed by Ledo et al
[22] and our design goals of portability, adaptivity, and e ciency.

pressure is measured via resistance changes at electrode intersecWith built-in wireless communication support for up to ve devices,

tions [5] (Fig. 2). This approach avoids the scalability problem that

each capable of sensing dynamic pressure at 1024 unique locations,
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CapToolKit[55] Midas[42] Multi-Touch Kit [37] E256 [11] 3D ViTac [17] Ours
Sensing principle Capacitive Capacitive Capacitive Resistive Resistive Resistive
# of sensors per device 8 9 256 256 256 1024
# of sending devices 1 1 1 1 4 5
Sensitivity calibration 7 7 7 7 7 3
Wireless protocol support 7 7 7 7 7 3
Power-saving mode 7 7 7 7 7 3
Visualization Static Con gurable Static Static Static Con gurable

Table 1: In contrast to existing open-source tactile sensing toolkits, WiReSens enables sensing on a larger scale (4x the number of
sensors and 5x the number of devices), automatic sensitivity calibration, wireless protocol support, and power-saving operation
modes. As a result, users can deploy systems with greater sensing coverage and exibility across diverse application scenarios.

WiReSens Toolkit extends beyond individual sensors to enable
the development of distributed multi-sensor interactive systems.
This allows novice users to explore tactile interaction design on a
larger scale. By integrating features such as automatic sensitvity
calibration and power-saving modes, it simpli es access to more
complex functionality, enabling users to rapidly prototype tactile
sensing systems which are adaptable and sustainable in addition
to functional. Finally, WiReSens is the rst of these toolkits to
be evaluated with rst-time users, demonstrating that even those
without prior experience can set up a functional tactile sensing
system in 5 minutes.

3 Design Requirements

To ensure the WiReSens Toolkit would be e ective for developing
scalable tactile sensing systems, we outlined several key goals for
its design.

Accessibility: The toolkit should be usable by novices and exten-
sible by experts. Hardware should be easy to order and manufacture,
ideally through board houses that support full assembly. Users with
limited experience in embedded systems should be able to con gure
and deploy devices without modifying low-level rmware. At the
same time, those with more technical expertise should be able to
customize and extend the system.

Portability: Tactile sensing devices must be easily repositioned
to capture interactions across di erent surfaces and environments.
This means wireless communication is a necessity, especially in
wearable applications where wires can restrict movement. While
many sensing toolkits adopt a single communication protocol (of-
ten Bluetooth [LQ 14 59), di erent protocols o er distinct advan-
tages [L4. For example, Wi-Fi o ers excellent speed and reliability
indoors but is di cult to access outdoors, where Bluetooth commu-
nication is more viable. A toolkit that simpli es switching between
protocols would broaden the range of environments where tactile
sensing systems can be e ectively implemented.

Adaptivity: A key challenge with resistive tactile sensors is
that the resistance-force relationship varies across fabrication tech-
niques, and di erent applications require distinct force sensitivity
ranges. In these di erent contexts, the same readout circuit can
either overamplify or underamplify signals, limiting pressure res-
olution [51]. Additionally, resistive sensing array data is typically

displayed statically, with each sensing node xed in place. However,
the real-world positioning of these nodes can shift when di erent
users wear the same sensor or as conditions change over time. An
adaptive visualization that accounts for these shifts could help users
interpret tactile interactions more accurately and intuitively.

E ciency: Wireless communication is power-intensive, which
limits device lifetime and poses challenges for sustainable devel-
opment @43 58. Low-power operation is therefore important to
enable large-scale data collection over extended periods of time,
though it can a ect the computational capabilities of devices. Users
should have access to methods that allow them to navigate this
trade-o . Additionally, users may invest signi cant time and re-
sources into developing interactive systems, so recon guring them
for di erent form factors, users, and applications should be seam-
less, minimizing hardware and rmware modi cations.

4 The WiReSens Toolkit

The WiReSens Toolkit consists of a zero-potential readout circuit for
interfacing with resistive sensing arrays and a Python-backed Ul for
con guring sensing devices, managing data recording and playback,
and visualizing pressure data. We begin with a walkthrough to
illustrate the core functionalities o ered by our platform followed
by the implementation details behind its development.

4.1 Walkthrough

This walkthrough illustrates an example of setting up a tactile
sensing system using a digitally embroideredCB2 node resistive
sensor and the WiReSens Toolkit. Although this example uses a
speci ¢ fabrication method, we reiterate that the toolkit is agnostic
to sensor construction and supports resistive sensors produced
through a wide range of manufacturing techniques.

Hardware Setup. To begin, the user connects the horizontal
and vertical electrodes of their resistive sensor to one of our zero-
potential scanning readout circuits, available in large (82) and
small (1&16) con gurations (Fig. 3D). The large circuit uses rib-
bon cables, while the small version connects via ex cables. In
this example, the user selects the large circuit and connects its
ESP32 microcontroller to their laptop via USB. They then upload
the Arduino-based rmware, which handles both sensor readout
and wireless communication. Unlike prior toolkits, this upload is a
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Figure 3: The WiReSens Toolkit web-based programming interface wirelessly records and displays pressure data from sensing
devices (D) in real time, with panels to replay recordings (A), con gure wireless protocols (B), and con gure the devices
themselves (C). The embroidered matt is con gured to read only from the top-left quadrant and send readings via WiFi.

one-time step. After initial setup, all recon guration and deploy-
ment is handled through the web GUI, with no need for rmware
changes. This eliminates a barrier for users without a background in

embedded systems, enabling rapid iteration and adaptation across

sensing scenarios.

Con guring the Readout Area . With the hardware connected,
the user starts the Python backend and opens the web GUI in their
browser. Through the Device Manager, they add a new device and
access its con guration panel (Fig. 3C). For this application, they
only need the top-left portion of the 3282 array, so they con gure
a smaller 1616 sensing region to improve the e ective frame rate.
Rather than requiring rmware edits or physical rewiring to modify
the readout area, the interface allows intuitive selection of rows
and columns, dynamically highlighting the chosen electrodes in
green and providing a clear preview of the active sensing region.

Se ing up Wireless Communication . WiReSens uniquely pro-

for rapid iteration. The user then unplugs the device, connects a
battery, and can begin using the device for their application.

Recording, Visualization, and Playback . By clicking Record,
the user begins data acquisition across all con gured devices, using
their selected communication protocols and readout areas. They've
also written a custom method for tracking touch points in Python,
which hooks into the toolkit backend and runs concurrently with
recording and visualization. Real-time pressure data is displayed
as a heatmap of square sensing pixels representing the active
readout regions. With WiReSens, users can reposition sensing pix-
els via drag-and-drop during recording to support exible sensor
layouts, in addition to saving these layouts and uploading back-
ground images for contextual visualization. Data is stored locally in
HDF5 format, and a built-in replay feature enables playback with
adjustable timestamps and speed controls (Fig. 3A).

vides support for multiple wireless protocols within a single platform USB-Turning on low-power mode. Aware of Wi-Fi's energy de-
serial, Wi-Fi (TCP), Bluetooth Low Energy (BLE), and ESP-NOW mands, the user activates WiReSens's low-power mode through the

(Espressif's peer-to-peer protocdd). This exibility lets users
easily switch communication methods to best suit their applica-
tion's range, latency, or power requirements. Here, the user chooses
Wi-Fi for its low latency and inputs the laptop's IP address and net-
work credentials through the wireless con guration panel (Fig. 3B).

Programming the Device. Once satis ed with the con gura-
tion, the user clicks Program Device to send the updated settings
to the MCU via USB. If adjustments are needed later, the con g-
uration can be updated directly through the web GUI, allowing

con guration panel (Fig. 3C). Unlike prior tactile sensing systems
that transmit wireless data continuously, WiReSens includes an
intermittent transmission mode that extends battery life during
untethered operation, making the system more practical for long-
term, mobile, or wearable deployments. The user runs a Python
utility function which takes their pressure recording le as input
and returns optimized intermittent transmission parameters that
balance power e ciency with sensing quality for their speci c ap-
plication. They then input these values into the con guration panel,
reconnect the MCU to their laptop using a USB cable, and click the
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