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ABSTRACT
The diversification of wearable devices and ever-expanding In-
ternet of Things have proven beneficial to users; however, our
interactions with the world are often mediated through touch
screens and other abstractions. This overlooks a vast array of
natural interactions such as physical touch, fidgeting, tapping,
and other motions. We present an NFC-enabled fingernail-
worn device that leverages finger movements and encourages
tangible interaction —TransformatioNail. Central to our ap-
proach is the combination of wireless power capabilities and
a culturally acceptable form factor at a key location —the
fingertip. Our device uses an e-ink display for low-fidelity
user feedback and has an accelerometer for capturing a range
of finger motions and gestures. We introduce a new ecosystem
of tangible interactions made possible with TransformatioNail,
and use our device to probe perceptions of fingernail tech-
nology in a design space exploration. We present findings
from this exploration as design considerations for fingernail
technologies.
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INTRODUCTION
Since the advent of smartphones and wearable computers,
mobile and wearable technology has continued to proliferate
throughout society. While these devices prove beneficial to
their owners, they fundamentally change how the user inter-
acts with the world around them. Rather than touching and
communicating with the world directly, human interaction is
mediated through the use of touch screens and other abstrac-
tions. In addition, many of these devices are one-size-fits-all
in terms of location on the body, as well as functionality and
aesthetics. In an effort to make wearable technology more
diverse, personal, and natural, designers and researchers alike
have begun to explore to explore additional sites and inter-
action modalities for wearable technology. Many of these

Figure 1. TransformatioNail is a small fingernail worn device that at-
taches to the nail with acrylic nail glue. The core component is a custom
designed PCB (right) that includes an e-ink display, among other com-
ponents. The e-ink display folds over to make the nail more compact
(middle). The size of the nail is comparable to a generic acrylic nail
(left).

new wearable technologies move away from touch screens to
afford more innate interaction. These new interactions include
natural hair touches [31, 5], interactions on the skin [19, 22,
18], clothing-based interfaces [28, 27], and beyond [20]. In
this paper we focus on a site that is intrinsically intertwined
with nearly all forms of physical interaction: the fingernail.

Fingernails provide a unique substrate for wearable technology.
As one of the only rigid, static portions of the body, devices
situated here avoid complications associated with bridging
hard and soft interfaces. Situated at the tip of the finger, fin-
gernails are embedded in physical interaction. Prior work has
shown that fingernail based sensing can enable new interac-
tions that are private and discreet [2, 17], one-handed [17, 42],
eyes-free [17, 42, 11], subtle [35], and quick [41]. Finally,
fingernails have a rich history in a variety of cultures around
the world. As such, fingernail technology has the potential
to engage new populations previously excluded from wear-
able technology. With TransformatioNail, we merge existing
fingernail fashion and culture with new fabrication techniques.

TransformatioNail
In this work, we present TransformatioNail, a fingernail worn
device that aims to augment the wearer with new forms of
minimalist and personalized tangible interaction. Transfor-
matioNail is a smart device capable of gesture sensing and
wireless data transfer, as well as displaying information. Trans-
formatioNails attach to the nail with acrylic nail glue and can
be worn for weeks at a time without removal. The design takes
inspiration from themes of cosmetic computing [4], beauty
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technology [33], hybrid body craft [16], and ubiquitous com-
puting [36]. The contributions of the paper are as follows:

1. We present a novel �ngernail worn device capable of gesture
sensing, dynamic memory storage, and wireless communi-
cation with external devices.

2. We implement scenarios and applications to explore new
interactions afforded through this device.

3. We preform a design space exploration with users and lever-
age our functional prototype as a catalyst with which to
probe perceptions of �ngernail technology.

4. From this study, we present considerations for the design of
future �ngernail-worn technologies.

RELATED WORK
Prior work explored �ngernail sensing using strain gauges [10,
12] and optics [23, 24, 14, 41] to sense force on objects and
different surfaces, as well as hall sensors [2] and capacitive
sensors [17] for touch input on the surface of the �nger. Prior
work has also explored visual displays [30, 35] and vibratory
output [11] in �ngernail form factors. Additionally, prior work
has shown that �ngernail sensing can be used as input to other
devices [35, 3, 38, 30, 42, 13].

Many of these presented systems require charging or an exter-
nal power supply. Others lack internal computation and must
be tethered to external devices such as phones, smartwatches,
or laptops. Additionally, most of the form factors presented
are large and non-aesthetic. These limitations restrict potential
interactions and usage in the real-world. Our work addresses
the disadvantages of these systems by instrumenting a passive,
battery-less implementation that operates with intermittent
power. Additionally, our system utilizes a microcontroller for
on-board computation and gesture sensing, and incorporates a
display for feedback.

The two most closely related projects are Beauty Tech Nails
[32] and AlterNail [4]. The former embedded static, read-
only RFIDs in false �ngernails to trigger unique events during
interactions with an RFID reader; the latter explored the com-
bination of wireless power and e-ink technology for dynamic
�ngernail displays. TransformatioNail expands these prior
works and �ngernail capabilities by incorporating on-board
gesture sensing and custom memory organization. While Al-
terNail included an accelerometer, it was used to distinguish
between “AlterNail enabled smart objects” and was not uti-
lized for gesture sensing. Neither Beauty Tech Nails nor Al-
terNail utilize dynamic memory storage. With these features,
TransformatioNail affords new interactions that are infeasible
using prior implementations. Finally, we contextualize these
two prior works by conducting a design space exploration with
users, and report results as design considerations for future
�ngernail technologies.

NAIL DESIGN AND HARDWARE ARCHITECTURE
To avoid complex wiring or asking wearers to remove and
“charge their �ngernails”, we opted to power TransformatioN-
ail wirelessly through interactions with objects and devices.
This design decision, paired with our small form factor, im-
posed strict requirements of size, power, and wide operating
voltage on all other components. Additionally, our desire to

Figure 2. Custom designed PCB containing an e-ink display, ATTiny85
microcontroller, NT3H1101 NFC tag, and an ADXL345 accelerometer.
A coil is etched into the backside of the board for both data and power
transfer. The size of the PCB is 13.45mm x 19.85mm and 3.55mm thick.

support a wide range of interactions mandates interoperability
with a number of different devices. We chose our microcon-
troller, sensor, display, and communication protocol to meet
these speci�cations.

Our device is composed of an ATTiny85 microcontroller, an
ADXL345 accelerometer, an e-ink display, and an NT3H1101
NFC tag (see Figure 2). A coil is etched into the backside of
the board. The current device has the dimensions 19.85mm
x 13.45mm x 3.55mm1, which we found to be suf�cient for
evaluating new interactions. At peak power, the entire sys-
tem consumes about 1 milliwatt from the microcontroller at
300mA, the accelerometer at40 mA when taking a measure-
ment, and the e-ink at 1:5 mA when switching [9].

Memory
Standard NFC tags are capable of storing only one distinct
NDEF message; we implement careful memory organization
of the nTag IC to enable multiple distinct entries. This allows
TransformatioNails to keep a history of tangible interactions,
and to be used in multiple contexts without the need for re-
programming. The NT3H1101 NFC tag allocates 222 pages
for memory. In TransformatioNail, 220 of these pages are
utilized for user data. We allocate �xed data blocks of 10
pages (i.e. 40 bytes) for storing each unique entry; thus, each
TransformatioNail supports storing up to 22 unique data en-
tries. We utilize one page for communicating noti�cations
from the mobile, and the last page for storing custom meta-
data. This structure assumes that each data record is less than
40 bytes; if the data exceeds the size of TransformatioNail's
prede�ned data block, the data is stored in a web server and
the link is written to the TransformatioNail. Retrieval of the
data is conducted by the client program in the respective con-
text. However, this scheme can be easily modi�ed to include
�exible numbers of data bytes per record.

Sensing

1It should be noted that the main goal of this work was not to pro-
duce a sub-mm �ngernail device, though we envision a future where
TransformatioNails can be made small, �exible, and comfortable:
similar to new commercial smart nails [15].
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Prior work has shown that accelerometers are capable of char-
acterizing complex gestures including �nger orientation, shear,
and others [7, 26, 21, 34, 40]. We refer to this prior work for
characterization of more complex gestures, and implement
touch and tap detection in our prototype. Using a threshold-
ing algorithm across the different axis signals, we are able to
distinguish simple touch gestures from tapping gestures. In
addition, we are capable of detecting multiple taps in quick
succession as a separate gesture. While limited, we found this
gesture set to be suf�cient in probing perceptions of �ngernail
technology.

False positives are often a problem in �ngernail sensing sys-
tems [10]; however, TransformatioNail is not liable to false
positives. Since the device is only powered when in close
proximity (4 cm) to a powered NFC-enabled device, everyday
interactions with unrelated objects will not power the device
or trigger false positives.

Display
We utilize the e-ink display to provide visual feedback to the
wearer, particularly with regards to whether or not a gesture
has been recognized. E-ink is well suited for TransformatioN-
ails in terms of size, power, operating voltage, and intermittent
power. E-ink displays can be made very small, �exible, and
in a wide variety of shapes and designs. Furthermore, e-ink is
low-power and bistable, which means that it is able to retain
state without continuous power.

Auxiliary Electronics
Our implementation requires specialized objects and devices
to interact with. Objects must have a power supply and NFC.
Devices such as laptops, Smartphones, and IoT devices must
run specialized software capable of parsing the data on the
nail; however, this software is trivial and easily uploaded. In
our implementation of proposed applications, we augmented
laptops and everyday objects with an an Arduino Uno micro-
controller and a PN532 RFID/NFC shield. In implementing
Copy/Paste and Noti�cations, we utilized an NFC-enabled
Android phone with a custom application for communicating
with the TransformatioNail.

Technical Considerations
Distance from coil: With our current implementation, the
coil on the TransformatioNail must be closely aligned with
corresponding coil on the Smartphone, laptop, augmented
object, or IoT device. This could be improved by expanding
the range of the transmitting coil, re�ning our on-board coil,
or using RFID.

Latency: While the NFC communication is quick (A 4-byte
write operation over NFC occurs in 4.8 ms to EEPROM and
0.8 ms to SRAM), the time to power up and refresh the e-ink
display takes between 2 and 4 seconds to completely update.
Additionally, our current software implementation takes a few
seconds to fully read the TransformatioNail and parse the
data. Throughout our experience with users, we found that the
latency of the e-ink display worked to convey the less visible
latency of the system to users. Speci�cally, the latency of
display cued users to hold the nail in position longer, as all of
the data was transferred across.

Contrast of E-ink Display: As there is no source of on-board
power, we are constrained to operating at 2.9V, the amount that
we can harvest over NFC using our coil and other hardware.
E-ink displays recommend a power supply of 5V or 15V [9].
While we can still power and update the E-ink display, the
contrast on the display is diminished and it can be challenging
to discern updates to the display (See Figure 1). This can be
improved with voltage boosters or super capacitors; however,
this doesn't affect functionality or the evaluation of such a
device, so we have excluded these components at this stage.

NAIL INTERACTION
A typical interaction with begins when TransformatioNail
comes in close contact (< 4cm) with an NFC-enabled device.

Skye is in a meeting, but wants to know if she has any missed
calls. She taps once on the NFC coil of her smartphone to
check, brie�y holding her �nger in place over the coil as the
e-ink display updates.

The TransformatioNail comes into range of NFC (powering
all of its components) before the physical tap on the surface
of the phone. The accelerometer detects the tapping gesture
and sends an interrupt to the microcontroller, which sets the
gestureID in the memory of the NFC tag. The microcontroller
begins to monitor the memory of the NFC tag—awaiting an
update from the mobile.

The smartphone detects Skye's TransformatioNail and a cus-
tom mobile app uses the nail's ID and the gestureID to discern
that missed calls are requested. The smartphone retrieves this
information and writes it into the memory of the NFC Tag.

Still monitoring the memory of the NFC tag, the microcon-
troller reads the number of missed calls from the memory of
the NFC tag: 2. The microcontroller then updates the e-ink
display with this information: 2 dots appear on the display.

Skye removes her TransformatioNail from her phone.

Leaving the range of NFC, the TransformatioNail is no longer
powered, and no longer capable of communicating with the
smartphone. However, the e-ink display remains updated with
2 dots, even after power is removed.

Skye glances at her nail and sees that she has 2 missed calls.
She excuses herself from the meeting, concerned that it might
be something urgent.

This entire interaction from start to �nish can be as brief
as 2-4 seconds and performed through fabrics and other thin
materials, including clothing, backpacks, and bags. In addition,
the interaction is discreet, requires no direct access to the
Smartphone (with the exception of close proximity), and can
be done without averting the wearer's gaze or attention from
the current task.

APPLICATIONS
Since TransformatioNail utilizes the NFC protocol, it is in-
nately capable of applications proposed in prior work [32]. In
addition, the on-board accelerometer and microcontroller al-
low for more compelling interactions. Driven by the hardware
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