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I. INTRODUCTION

In human skin, dynamic tactile sensing, or the detection
of fast-changing tactile stimuli, plays an important role
in detecting the making/breaking of contact, sensing slip,
sensing surface texture, and receiving tactile feedback via a
held object (e.g., tool use). Transducers of this type have a
high frequency response and sensitivity, and often respond
only to changes in signals, not static forces [1], [2].

In robotics, there are many proven ways to implement
dynamic sensing, including accelerometers, microphones,
hydrophones, piezoelectrics, and piezoresistors [2]–[7]. Pre-
vious work suggests the importance of spatially distributed
dynamic sensing across a finger [8]. However, building tactile
fingers with distributed vibration sensing across a complex
finger-shaped surface remains a challenge.

In this work, we present the preliminary design and
fabrication of a tactile finger with distributed vibration sens-
ing using the piezoelectric polyvinylidene fluoride (PVDF).
We present two versions of this early-stage prototype: one
containing custom-fabricated taxelized PVDF films, and one
containing off-the-shelf (OTS) PVDF strips (Fig. 1). The
former is an avenue for achieving high-resolution taxelization
and compact integration, while the latter is a more accessible
solution (i.e., does not require cleanroom fabrication tools).
We also discuss our ongoing work towards improving both
of these prototypes.

II. SENSOR DESIGN

We designed the sensor geometry with robotic tasks in
mind. The finger is curved and sensorized everywhere except
the back – all areas where contacts are likely. The flat patches
on the front encourage stable contacts, and a thinner tip
enables picking up small objects off a flat surface with a
pinch grasp. The overall size is similar to a human thumb.

The finger contains a rigid, 3D printed resin ”bone,”
encased by the elastomer polydimethylsiloxane (PDMS). As
with other tactile sensors [7], [9]–[12], the elastomer creates
a compliant surface that distributes applied strain. The sensor
contains a stiffer outer layer of PDMS to provide a durable
coating. The custom version contains 16 taxels distributed
across a single film, while the OTS version contains 6
individual strips embedded across the finger surface.

§equal contribution
This work was supported by a NASA Space Technology Graduate

Research Opportunity and by a National Science Foundation Graduate
Research Fellowship under Grant No. DGE-2036197.

1Columbia University, New York, NY 10027, USA.
{eric.chang@, peter.ballentine@, johnkym@ee.,
matei.ciocarlie@}columbia.edu

Fig. 1. Two versions of early-stage prototypes of PVDF-based tactile
fingers and associated electronics: one with a custom-made, taxelized PVDF
film (a, b) and one with off-the-shelf PVDF strips (c, d). A second, off-sensor
PCB (e) is shared between the two versions and contains amplifier circuitry
and a Teensy 4.1 microcontroller. The fingers measure 29×36×18mm
(width×height×depth), approximately the size and shape of a human thumb.

The back of the finger holds a printed circuit board (PCB)
which connects to the PVDF via a heat seal connector
(custom version) or wires (OTS version). The signals are
wired to off-sensor current amplifiers (Rf = 1MΩ, Cf =
22pF). We use the Teensy 4.1 microcontroller analog to
digital converters (ADCs) to sample the signals at 1000 Hz.
The Teensy communicates with a PC using micro-ROS [13].

III. SENSOR FABRICATION

A. Custom PVDF Sample Fabrication (Fig. 2)

Our custom PVDF sensor consists of an array of electrodes
with corresponding traces and a back plane to complete each
capacitor. The array contains 16 electrodes and traces that
run to the edge of the sensor for connection to external
electronics. The metal stack on each side is a 20 nm adhesion
layer of chrome and 150 nm of gold, which is evaporated via
electron beam onto the 4.5cm×4.5cm pieces of 100-micron
thick PVDF sourced from PolyK. The array of electrodes and
traces are photolithographically patterned using a photomask
to pattern photoresist and wet etching to transfer the pattern
to the metal stack. The back plane is patterned using shadow
mask deposition. Once fully patterned, excess PVDF is cut
off with a precision knife to create the final geometry. The
sensor is then connected to heat seal connectors via hot bar



Fig. 2. The process flow for fabrication of custom, taxelized PVDF films.

Fig. 3. Back (left) and front (right) resin molds used for finger fabrication.
For the off-the-shelf version, we stick the sensors onto the front half of the
mold prior to pouring the PDMS.

bonding to the sensor traces for future connection to off-
sensor PCBs.

B. Tactile Finger Fabrication

Our finger fabrication process involves first casting a layer
of PDMS onto a rigid skeleton using molds, followed by
applying a stiffer outer layer of PDMS using a dipping
process. This two-step process allows us to embed a PVDF
sensor between the two layers.

We 3D print a negative mold and inner skeleton using
Formlabs photopolymer resin (Fig. 3) and cure the parts
under UV light at 60◦C for 1 hour. We do an additional
heat treatment of the molds at 120◦C for 2 hours to prevent
leftover photo-initiators in the resin from reacting with
PDMS curing agent [14]. We spray the molds with a release
agent (Mann Ease Release 200) to reduce adhesion.

To apply the OTS PVDF (sourced from PolyK), we apply
a thin layer of PDMS to the mold and partially cure it
with a heatgun until it is tacky. Then, we stick the strips
to the mold in the desired configuration. We pour mixed and
degassed PDMS (30:1 base to curing agent weight ratio) into
the prepared mold and cure in the oven at 75◦C for 8 hours.
After demolding, we remove excess PDMS from the back of
the finger with a precision knife. When using custom PVDF,
we adhere the sensor to the finger with cyanoacrylate after
casting the finger.

Finally, we dip the finger in stiffer PDMS (10:1 ratio) to
apply a thin outer coating on top of the sensor, and cure at
75◦C for 1 hour. We complete this procedure 3 times to form
a ∼1mm coating.

IV. ONGOING WORK

In the current prototypes, the working transducers are
sensitive to light touches (Fig. 4). However, just 10 of 16
taxels (custom version) and 5 of 6 strips (OTS version) are

Fig. 4. Signal samples from the custom (top) and off-the-shelf (bottom)
versions of the sensor in response to light taps, visualized at 200Hz. The
OTS plot shows multiple transducers being stimulated from a single tap.
Although the current prototypes are sensitive to light taps, we are working
to further improve the sensitivity.

functional. This is due to brittle traces on the metallized film
and one of the strips breaking during the demolding process.
We are actively working to improve these and other issues.

Fabrication process. In the custom samples, we’re in-
vestigating using titanium in the adhesion layer to improve
trace ductility and robustness. We also plan to develop
a housing around the electronics which will allow us to
establish strong, testable connections prior to casting and
will protect these connections during the fabrication process.
In the current molding process, placing the OTS strips in
controlled locations is a challenge, as the strips tend to
move when assembling the mold. We are investigating using
a spray-on adhesive to adhere the sensors to the mold, as
well as an assistive ”stencil” to aid in placing the sensors in
precise, repeatable locations.

Signal quality. We are also working to improve the
sensitivity and signal to noise ratio of the sensor. One
possible step in this direction is to amplify and/or digitize
the signals on the sensor PCB to avoid routing unamplified,
analog signals over long cables. However, there is a tradeoff
between sensor size and the ability to include electronics on-
sensor, and we would ultimately like to further miniaturize
the sensor.

Multimodality. We ultimately plan to incorporate force
sensing into this finger. We are currently working to integrate
capacitive sensors beneath the PVDF array. We aim for such
a finger to act as a platform to study multimodal tactile
sensing. We want to investigate how combining distributed
vibration sensing with force sensing can aid manipulation
capabilities. We also want to study learning multimodal tac-
tile representations that combine vibration and force sensing,
in addition to other modalities.



REFERENCES

[1] Z. Kappassov, J.-A. Corrales, and V. Perdereau, “Tactile sensing
in dexterous robot hands — review,” Robotics and Autonomous
Systems, vol. 74, pp. 195–220, 2015. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S0921889015001621

[2] M. R. Cutkosky and J. Ulmen, Dynamic Tactile Sensing. Cham:
Springer International Publishing, 2014, pp. 389–403. [Online].
Available: https://doi.org/10.1007/978-3-319-03017-3 18

[3] E. T. Chang, R. Wang, P. Ballentine, J. Xu, T. Smith, B. Coltin,
I. Kymissis, and M. Ciocarlie, “An investigation of multi-feature
extraction and super-resolution with fast microphone arrays,” 2024.

[4] N. Pestell and N. F. Lepora, “Artificial sa-i, ra-i and ra-ii/vibrotactile
afferents for tactile sensing of texture,” Journal of The Royal Society
Interface, vol. 19, no. 189, p. 20210603, 2022. [Online]. Available:
https://royalsocietypublishing.org/doi/abs/10.1098/rsif.2021.0603

[5] J. A. Fishel, V. J. Santos, and G. E. Loeb, “A robust micro-vibration
sensor for biomimetic fingertips,” in 2008 2nd IEEE RAS EMBS In-
ternational Conference on Biomedical Robotics and Biomechatronics,
2008, pp. 659–663.

[6] C. H. Lin, T. W. Erickson, J. A. Fishel, N. Wettels, and G. E.
Loeb, “Signal processing and fabrication of a biomimetic tactile
sensor array with thermal, force and microvibration modalities,” in
2009 IEEE International Conference on Robotics and Biomimetics
(ROBIO), 2009, pp. 129–134.

[7] T. Taunyazoz, W. Sng, H. H. See, B. Lim, J. Kuan, A. F. Ansari,
B. Tee, and H. Soh, “Event-driven visual-tactile sensing and learning
for robots,” in Proceedings of Robotics: Science and Systems, July
2020.

[8] T. Taunyazov, L. S. Song, E. Lim, H. H. See, D. Lee, B. C. Tee,
and H. Soh, “Extended tactile perception: Vibration sensing through
tools and grasped objects,” in IEEE/RSJ International Conference on
Intelligent Robots and Systems (IROS). IEEE, 2021, pp. 1755–1762.

[9] B. Ward-Cherrier, N. Pestell, L. Cramphorn, B. Winstone, M. E.
Giannaccini, J. Rossiter, and N. F. Lepora, “The tactip family: Soft
optical tactile sensors with 3d-printed biomimetic morphologies,”
Soft Robotics, vol. 5, no. 2, pp. 216–227, 2018, pMID: 29297773.
[Online]. Available: https://doi.org/10.1089/soro.2017.0052

[10] D. F. Gomes, Z. Lin, and S. Luo, “Geltip: A finger-shaped optical
tactile sensor for robotic manipulation,” in 2020 IEEE/RSJ Interna-
tional Conference on Intelligent Robots and Systems (IROS), 2020,
pp. 9903–9909.

[11] P. Piacenza, K. Behrman, B. Schifferer, I. Kymissis, and M. Ciocarlie,
“A sensorized multicurved robot finger with data-driven touch sensing
via overlapping light signals,” IEEE/ASME Transactions on Mecha-
tronics, vol. 25, no. 5, pp. 2416–2427, 2020.

[12] W. Yuan, S. Dong, and E. H. Adelson, “Gelsight: High-resolution robot
tactile sensors for estimating geometry and force,” Sensors, vol. 17,
no. 12, 2017. [Online]. Available: https://www.mdpi.com/1424-
8220/17/12/2762

[13] K. Belsare, A. C. Rodriguez, P. G. Sánchez, J. Hierro, T. Kołcon,
R. Lange, I. Lütkebohle, A. Malki, J. M. Losa, F. Melendez, M. M.
Rodriguez, A. Nordmann, J. Staschulat, , and J. von Mendel, Micro-
ROS. Springer, 2023, pp. 3–55.

[14] B. Venzac, S. Deng, Z. Mahmoud, A. Lenferink, A. Costa, F. Bray,
C. Otto, C. Rolando, and S. Le Gac, “Pdms curing inhibition on
3d-printed molds: Why? also, how to avoid it?” Analytical Chemistry,
vol. 93, no. 19, pp. 7180–7187, 2021, pMID: 33961394. [Online].
Available: https://doi.org/10.1021/acs.analchem.0c04944


