Automatic Calibration for an Open-source Magnetic Tactile Sensor
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Abstract—Tactile sensing can enable robots to perform com-
plex, contact-rich tasks. Magnetic sensors offer accurate three-
axis force measurements while using affordable materials. Cal-
ibrating such a sensor involves either manual data collection,
or automated procedures with precise mounting of the sensor
relative to an actuator. We present an open-source magnetic tac-
tile sensor with an automatic, in situ, gripper-agnostic calibration
method, after which the sensor is immediately ready for use. Our
goal is to lower the barrier to entry for tactile sensing, fostering
collaboration in robotics. Design files and readout code can be
found at https://github.com/LowiekVDS/Open-source-Magnetic-
Tactile-Sensor.

Index Terms—Tactile sensing, Sensor-based Control, Open-
source

I. INTRODUCTION

Tactile sensing in robotics is crucial for contact-rich
tasks like food picking [1] and in-hand manipulation [2].
Widespread sensor modalities include piezoresistive, capaci-
tive, barometric, optical and magnetic sensing. Among these,
magnetic sensors can be made with readily available materials
and components while providing accurate three-axis force
measurements [3]. They work by suspending small magnets
[3I-[7]], coils [8]], or distributed magnetic substrates [9], [[10]
above a grid of Hall sensors.

Typically, a data-driven calibration procedure is performed
to interpret the data from such sensors. In [3]—[5], a human
presses the magnetic sensor against a force/torque (F/T) sensor
to capture calibration data. Other work proposes automated
procedures: [8]-[[L0] use a robot equipped with an F/T sensor
to press down on the magnetic sensor in a predefined grid,
whereas [7]] has the magnetic sensor pressing down on a load
cell mounted to a moving platform.

Schmitz et al. [3]-[5] have commercialised three-axis tactile
fingertips based on magnetic sensing, greatly incentivising
further research in tactile sensing. However, the monetary
cost can still be a hurdle for other groups to adopt these
sensors. In the spirit of democratising tactile sensors, we
are developing open-source three-axis force sensors: here,
we present a baseline fingertip with a 2-by-2 taxel grid. To
make adoption in other research groups as straightforward as
possible, we propose an automatic calibration procedure with
the sensor already mounted to the robot that will make use
of it. This way, the sensor is ready for use immediately after
calibration, as opposed to previous work [7]-[10].
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Fig. 1: Fingertip structure. The magnets are glued into the
domes, the domes are glued onto the PCB. The PCB is pressed
between the cover and backing, and the cover is bolted to the
backing.

II. SENSOR DESIGN

At the heart of the fingertip design, shown in Fig. [I] lies a
printed circuit board (PCB) with a 2-by-2 grid of MLX90393
Hall effect sensors connected to an I2C bus. A dome structure
similar to [3[], [S] is printed in Flexible FLGRO2 resin using a
Formlabs Form 2 printer. Cylindrical magnets with a height of
1 mm and diameter of 1.5 mm are superglued into the domes,
and the dome structure itself is glued to the PCB. A cover
for the PCB is 3D printed in PLA using a Prusai3 MK3.
Optionally, a smooth contact surface for grasping can be
cast onto the cover using Silicone Addition Colorless 50 by
Silicones and More. Fig. [2] shows the mould used. Crucially,
a mock PCB is inserted into the cover during curing. The
domes on the mock PCB are shorter than the resin domes. This
way, when the mock PCB is removed and the resin domes are
inserted after curing, an air gap surrounds each dome. The air
gap ensures that the force applied to the silicone surface is
transferred to the resin domes. Finally, the cover is bolted to a
PLA backing (Fig. [T). The backing is designed to fit a Robotiq
2F-85 or 2F-140 gripper, but we also provide a coupling to fit
Robotiq fingertips to Schunk EGU and EGK grippers.

III. AUTOMATIC CALIBRATION

A. Hardware Setup

The robotic arm on which the gripper is mounted
should feature an F/T sensor. In this work, we used a
Schunk EGK 40-MB-M-B and a UR3e collaborative arm. A
custom probe, see Fig. 3] is mounted externally to the robot.
The probe is constructed from an aluminium 1515 profile with
D-shaped slots and several 3D-printed PLA parts. The probe
tip is shaped such that it fits on top of one of the resin domes.
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Fig. 2: Mould for silicone pour. The domes on the mock
PCB are shorter than the resin-printed domes, such that after
removal of the mock PCB and insertion of the PCB with resin
domes, an air cavity is present all around each dome.
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Fig. 3: Calibration probe assembly. The probe tip perfectly fits
a taxel dome.

It is important that both the probe tip and the mounting of the
probe to the table are rigid.

B. Calibration Methodology

Calibration is done in situ, meaning the fingertip is mounted
on the robot that will make use of it. At first, the cover (see
Fig. [T) should not have a silicone pad. If desired, the cover
can easily be replaced after calibration without removing the
fingertip from the gripper. The procedure is gripper-agnostic.
Only the direction of the probe tip expressed in the base frame
of the robot should be known.

First, the robot is placed in the vicinity of the sensor, with
the fingertip facing the probe tip. The robot then touches the
probe with the front, the side and the top of the fingertip.
Contact is observed from the F/T readings. Knowing the
dimensions of the fingertip, the probe can be localised. The
robot subsequently presses one of the resin domes into the
probe and exerts a predefined set of forces, see the green
annotations in Fig.[d] while recording both the F/T and the Hall
sensor readings. This is repeated for each taxel. The F/T data is
averaged over a moving window of 100 samples or 240 ms. A
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Fig. 4: F/T Readings and model predictions for taxel 3.

linear interpolation is applied to account for different readout
frequencies of the Hall and F/T sensors.

Polynomial features up to the third degree are extracted
from the Hall readings. An 80%/20% train-test split is ran-
domly sampled and a least squares linear regressor is fitted
on the train set. The result is a model per taxel that takes in
the X, Y and Z components of the magnetic field and predicts
the three components of the force (F, F);, F,) applied to the
taxel.

IV. RESULTS

For each taxel, Table |I| gives the coefficient of determination
(R?) and the mean squared error (MSE) of the model when
applied to the test set. Fig. @] additionally shows both the true
and predicted forces for taxel 3. We note that the predicted
force curves rise comparatively slowly to the ground truth.
We believe this is due to the mechanical hysteresis of the
resin-printed domes.

TABLE I: Test scores for each taxel

Taxel R? MSE [NZ]
0 0.81162 1.10555
1 0.80103 0.97162
2 0.84808 0.88912
3 0.84431 0.92823
Average  0.82626 0.97363

V. CONCLUSION

We presented an open-source design for a magnetic tactile
fingertip and have developed an automatic, gripper-agnostic, in
situ calibration strategy. The calibration method only requires
a probe to be mounted along a known direction w.r.t. the
base frame of the robot. A polynomial model trained on
the magnetic sensor data shows an average R? of 0.83 and
an average MSE of 0.97 N2, In future work, we will open-
source a modular fingertip design featuring tactile surfaces
with 4-by-8, 1-by-4, and 2-by-2 taxel grids. In addition, we
aim to compensate for hysteresis and to examine a second
calibration stage that can account for mechanical and magnetic
coupling. Our goal is to lower the barrier to entry of tactile
sensors and encourage their adoption across robotics labs.
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