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ABSTRACT 
A lightweight wearable American Sign Language 

translation device is presented consisting of optically 
communicating rings worn on each finger and wireless devices 
worn on each fingernail. The device is similar in principle to 
glove based sign language translation devices except it does not 
require the user to wear an entire glove. Each ring is constructed 
from optically clear resin containing three infrared 
transponders, controlled by a microcontroller unit worn on the 
wrist.  The fingernail units are also cast in clear resin and 
contain circuitry to receive and respond to infrared light, and 
house three small SR60 watch batteries.  The system uses a 
microcontroller to flash all LEDs in succession and create matrix 
sensor readings from each LED, resulting in a 15x15 matrix 
corresponding to a signed gesture, recognized by an Artificial 
Neural Network. This system is expected to be able to recognize 
24 of the 26 letters of the ASL alphabet and be extended to 
recognize arbitrary ASL signs with the integration of an 
accelerometer.  The system currently recognizes 9 letters (A, B, 
D, F, K, N, O, T, X) with intention to build on this novel method 
of gesture recognition to construct a full-fledged ASL translator. 
The system is currently useable as a low-encumbrance gesture-
based input system for arbitrary device control.  

Keywords: ASL, wearable, gesture recognition, hand 
tracking, fingernail worn electronics, ubiquitous computing 
 
1. INTRODUCTION 

 A novel, lightweight gesture-based interface device 
concept is presented consisting of rings and wireless fingernail 
based devices.  The device is demonstrated using a small a subset 
of the American Sign Language (ASL) manual alphabet but is 
suitable for a variety of wearable computing use cases, such as 
virtual reality, augmented reality, or ubiquitous computing [1].    

A variety of hand gestures have been utilized for computer 
interfaces in the past [2].  A lot of these systems rely on computer 
vision [3], but cameras present special challenges for wearable 
computing since they are not able to always see the hands.  Glove 
based systems have also been in use for a long time both for ASL 
[4] and for other uses [5].  Several gesture capture devices using 
accelerometers [6] and electromyography [7] also exist and have 
been marketed commercially. 

The presented device is unique in that it has the potential to 
be an extremely low encumbrance device for the translation of 
ASL and other sign languages.  The envisioned use case for ASL 
is that the device would be worn all day on both hands by the 
user and activated when the user wishes to have ASL translated 
to spoken language, allowing mute individuals to better execute 
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activities of daily living such as asking for a certain item while 
shopping.  Since ASL relies on hand gestures as well as 
movement, an accelerometer will be added to the final device.  

While the actual prevalence of ASL in a primary language 
is a topic of some debate, estimates vary between 250,000 to 
500,000 users in the United States [8]. An ASL translation device 
will allow users to communicate with people who are not 
familiar with the language in active real time. Although the 
current prototype of the device is currently only capable of 
translating 9 out of the 26 letters of the alphabet, these letters 
cover most of the hand gestures required for ASL signs. The 
addition of an Inertial Measurement Unit (IMU) and training the 
neural network algorithm to recognize ASL signs associated 
with motion is expected to greatly supplement the existing 
system to expand recognition to nearly the whole alphabet and 
without major changes in the architecture of the device.  As 
presented, the device can already be used to issue commands to 
various wearable devices.  A similar device using only wired 
fingernail-worn devices has already been used to control 
prosthetic devices by issuing gestures [9][10].  The current 
device miniaturizes the technology presented in [9] [10] [11] and 
extends it to recognition of ASL and arbitrary hand gestures by 
the addition of optically transparent rings with embedded 
transponders.   
 
2. MATERIALS AND METHODS 

A wearable gesture recognition system consisting of a wrist 
unit, five wired rings and five wireless fingernail devices was 
constructed.  The components communicate with each other 
using infrared (IR) light with a wavelength of 850 nm.  The 
system was trained to recognize 9 letters of the ASL manual 
alphabet for testing purposes.    

 
2.1 Overall system design  

State of the art in ASL recognition relies on two approaches: 
glove based systems [4] and Computer Vision based systems [3] 
[12]. Computer Vision based systems are appropriate for non-
mobile use cases.  Glove based system can be more portable, 
with the disadvantage of requiring a glove. Our system differs 
from the typical glove design by utilizing lightweight rings and 
wireless fingernail devices allowing the user to be less 
encumbered. The current prototype is a proof-of-concept device 
whose hand-worn components can be miniaturized with 
additional engineering effort.  The system includes five rings 
wired to a wrist-worn unit and five wireless fingernail mounted 
components that communicate optically with the rings. The rings 
are composed of three 850 nm infrared (IR) emitters/receivers 
(transponders), while the fingernail units contain two 
transponders each (one on top, one on the bottom). Each IR LED 
on the rings is flashed in sequence,  with other transponders 
recording the light intensity, forming a light intensity matrix. 
Then, the fingernail devices are activated by turning on all IR 
LEDs at once, causing each device to respond to the detected IR 
light with a pulse-train  of a characteristic frequency unique to 
each fingernail transponder. The signal from each ring 
transponder is processed with a Fast Fourier Transform (FFT) 

algorithm and recorded.  The system determines the gesture 
being performed by forming a light intensity matrix, sourced 
from the ring-worn IR sensors, that represents the light intensity 
seen by each sensor for each emitter, as well as the FFT results 
from the light contributed by the fingernail devices. This matrix 
is then processed by a neural network which determines position 
without directly reconstructing the hand pose. Human tissue is 
translucent at the chosen IR wavelength (850 nm) so various 
parts of the hand do not completely occlude the IR light, allowing 
the system to obtain more complete data about hand pose [9][10]. 
The complete system can be seen below in Figure 1.  
 

 
FIGURE 1: LEFT: MAIN COMPONENTS OF THE SYSTEM 
RIGHT: CURRENT EMBODIMENT OF THE LABELED 
COMPONENTS 

The final prototype design consists of three main 
subcomponents: the wrist component, the rings, and fingernail 
devices. 

 
FIGURE 2: A: WRIST COMPONENT CONTAINING 
MICROCONTROLLER BOARD, SINGLE BOARD COMPUTER, 
BATTERY AND SPEAKER, WORN WITH A VELCRO STRAP B: 
PCB DESIGN FOR ARDUINO SHIELD PROVIDING FOR 
INTERFACING WITH THE RINGS.  C: PHOTO OF ARDUINO 
SHIELD SITUATED ON AN ARDUINO MEGA 

The wrist component (Figure 2) houses a single board computer 
(Raspberry Pi), a Microcontroller Board (Arduino Mega), and a 
custom Printed Circuit Board (PCB) which serves as the point of 
connection between the rings and Raspberry Pi. Since each ring 
is connected to the wrist unit, data can be recorded in real time.  
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FIGURE 3: A: SCHEMATIC OF THE CIRCUIT ON EACH OF THE 
THREE RING PCBS B: 3D RENDER OF THE RING C: RING 
DEVICE CAST IN OPTICALLY TRANSPARENT RESIN 

The ring unit (Figure 3) is comprised of three transponders, each 
containing an IR LED (emitter) and phototransistor (receiver) 
mounted on a PCB and all encapsulated in epoxy resin. This 
fabrication material was chosen because of its transparent nature. 
Resin does not pose an IR emission obstacle and will not 
interfere with data intake. Each PCB within the ring is wired to 
the Arduino Mega in the wrist component. This microcontroller 
triggers the IR LEDs on an individual ring to flash sequentially 
and proceeds to read the intensity of light incident from every 
other sensor for each flashed LED. This data is formatted into a 
matrix shown in Figure 4.  
 
The final major subsystem of our device is the fingernail unit. 
This unit is comprised of one dual-sided PCB enclosed in epoxy 
resin. An IR LED, phototransistor, and an oscillator can be found 
on both sides of the PCB board. Figure 5 gives a general diagram 
of this concept.  

 
FIGURE 5: GRAPHICAL SUMMARY OF FINGERNAIL DEVICE 
RECOGNITION SCHEME 

A single fingernail device will operate independently, thus 
having individualized power sources. This device is not 
physically connected to any of the other components, making it 
wireless. The fingernail device functions only when its 
phototransistor detects an IR signal of sufficient intensity 
emitted from the ring units.  This is accomplished by using a TI 
TPL1115 power gating chip and is necessary to enable sufficient 
battery life on a device small enough to fit on a fingernail, as the 
SR60 batteries used only have a capacity of 23 mAh.  When it is 
activated, the oscillators are triggered to produce pulse train of 

modulated IR light as depicted in Figure 5. Resistor values on 
the 555 Timer can be changed to adjust the frequency of the pulse 
train emitted by the IR LED. With this design, devices with 22 
separate frequencies have been fabricated using standard resistor 
values. This is done by changing only 2 resistors (R1 and R2 on 
the circuit diagram depicted in Figure 6). The fingernail devices 
are expected to have about 3-6 months of standby time without 
having to add a power switch, and several hours of operating 
time depending on use.  Future versions of the fingernail devices 
are envisioned to be fully enclosed in resin with wireless 
charging and an on-board battery management system.  The 
devices are typically worn by commercially available transparent 
stickers designed for cosmetic artificial fingernails.   

Each fingernail unit is designed to modulate a different 
frequency. Therefore, there will be ten different frequencies 
generated to make differentiation possible. This signal is 
detected by the phototransistors of the rings, which is then placed 
in the matrix of recorded light intensity used to train the neural 
network. The data is collected and converted by an Analog 
Digital Converter (ADC) and is then placed into a matrix. The 
matrix is utilized to train the neural network. Figure 4 shows one 

FIGURE 4: LEFT: THE LETTER “A” BEING SIGNED RIGHT: THE 
MATRIX FORMED BY THE GESTURE, WHERE VALUES 
(BETWEEN 0 AND 1023) ARE REPRESENTED AS GRAY SCALE 
INTENSITIES 

FIGURE 6: TECHNICAL DETAILS OF A SINGLE SIDE OF A 
FINGERNAIL PCB.  THE TPL5111 POWER GATING DEVICE 
ALLOWS THE DEVICE TO ONLY DRAW 2 MICROAMPERES 
OF CURRENT ON STANDBY 
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example of the matrix of the data that is obtained by the system 
and then processed using a neural network.  

 
FIGURE 7: A: THE FINGERNAIL COMPONENT, ILLUSTRATED 
B: CURRENT EMBODIMENT OF THE FINGERNAIL 
COMPONENT C: THE FINGERNAIL COMPONENT ATTACHED 
TO A FINGER (SHOWN FOR SIZE)  

An assembled fingernail unit can be seen in Figure 7 with the 
battery and housing units attached. A version of the fingernail 
device deployed as a product can be permanently cast in a hard 
resin to ensure the structural integrity and waterproofing. 
 
3. RESULTS AND DISCUSSION 

The constructed system was able to recognize 9 letters in 
real-time with our Neural Network based approach with minimal 
training (A,B,D,F,K,N,O,T,X) using only 5 ring devices (Figure 
8 demonstrates the matrices formed by the letters A, B, and D). 
Furthermore, this work demonstrates the ability to discriminate 
between the physical fingernail devices in real time using an FFT 
and neural network-based approach. 

 

 
FIGURE 8: MATRICES FORMED BY THE LETTERS A, B AND D 
BEING SIGNED 

Work is currently under way to integrate the rings and the 
fingernail devices to recognize all 24 letters of the ASL manual 
alphabet. The next step will be the integration of an Inertial 
Measurement Unit (IMU) into the system to recognize the letters 

J and Z, which require movement.  The integration of the IMU 
will also allow the system to transition into recognizing ASL 
gestures which are not based on letters, and which make up most 
of the language. This will necessitate expanding the system into 
a bi-manual configuration and enabling wireless communication 
between the systems situated on two hands, as well as making 
the rings wireless.  Other improvements in progress include 
making both the fingernail devices and rings thinner, and 
waterproofing the fingernail devices.  A novel method of using 
Neural Networks to recognize hand gestures without direct 
reconstruction on hand pose has been demonstrated, enabling the 
creation of an extremely lightweight gesture recognition device 
which can further be used in other human machine interface 
tasks. 
 
4. CONCLUSION 

This work has established a hardware and software 
framework necessary to enable low encumbrance and technical 
simplification of systems necessary for recognition of gestures 
for ASL digitization. This work serves to be a basis for technical 
additions and further simplification to broaden digital gesture 
input devices.  The device presented can also be used as a basis 
for gesture input systems in contexts other than sign language.  
One promising use case currently being investigated by the 
authors is the use of the fingernail components of the device for 
severely mobility restricted and bedridden individuals as 
wireless remote controls for items they use every day such as 
motorized beds,  TV sets, and nurse call buttons.  
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