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Figure 1: We developed EverRing, a smart ring that has no battery and never needs to be recharged. Instead, we use an RF
transmitter incorporated into an XR headset/glasses (A), which is less battery- and space-constrained than a ring, to wirelessly
power our ring (B). With less need to conserve power to extend runtime, our ring (C) offers a rich suite of input and output
capabilities. For instance, as an XR accessory, it could provide eyes-free interface navigation using its directional tactile switch,
use its IMU to aid in low-power hand tracking, and even provide haptic feedback when interacting with virtual widgets —
capabilities not presently offered by any other smart ring, chiefly due to limited battery power.

Abstract

Rings are a powerful form factor for interaction in XR. Being lo-
cated on a finger and near other digits, they are well positioned
to enable rich human-computer input and outputs, such as micro-
gesture sensing and providing haptic feedback. Compared to other
wearables, such as watches and earbuds, rings are less obtrusive, so
much so that some users wear them continuously. However, their
small size inherently means small batteries, and thus very limited
I/O capabilities. This led us to ask: how can we create a ring that
does not need to be removed to be recharged, and has sufficient
power to continuously support rich interactions? This led us to
develop EverRing, a battery-less ring device powered wirelessly by
RF energy transmitted from an XR headset (and future glassses).
In evaluations, we quantify how much RF power can be captured
wirelessly in the interactive volume in front of a user, how much
power each input and output capability consumes, and how the
ring maintains a balanced power budget in common XR use cases
(productivity, gaming, etc.).
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1 Introduction

Smart rings are an increasingly popular category of wearable de-
vices. Wearing rings is already deeply ingrained in many cultures,
and by being worn on the hand, rings are excellently positioned to
track active input from the fingers and passively sense hand inter-
actions. Our goal in this work is to better realize the full potential
of smart rings as highly-capable input and output accessories.

We note that current smart rings have a major inherent limita-
tion: due to their small and slim form factor, they can only include
very small batteries, often on the order of 20-30 mAh. Small bat-
teries force hardware designers into a significant tradeoff: either a
short runtime with rich capabilities, or reduce capabilities to extend
runtime. Commercial smart ring offerings have chosen the latter
avenue. For example, the Oura smart ring [13] has to be charged
roughly once per week, but only offers very-low-duty-cycle physio-
logical sensing. On the other hand, research-oriented ring projects
tend to focus on one advanced capability, but are either tethered to
power or use a battery that only lasts a few hours [3, 9, 11, 17, 18].
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In response to these limitations, we considered a novel approach
to power smart rings. Our explorations culminated in EverRing, a
prototype ring device that requires no charging and has no battery
at all. Instead, EverRing receives power via RF energy transmitted
wirelessly from a worn headset/glasses into the space in front of
the user where interactions generally occur. This energy is used
to power a capable microcontroller (MCU) with a rich array of
input and output capabilities, including Bluetooth communication.
We envision EverRing as an input accessory, worn and used in
conjunction with XR headsets or glasses (which o er rich output
capabilities, but tend to be input bottlenecked).

We note that previous work has enabled battery-free passive
sensing 3, or wirelessly powered active sensing, but only for
short ranges (e.g., from the wrist to the ngergHf]) or using much
larger transmitter hardware (e.g., torso-sized inductive cod§]].
Our approach is both compact (able to be integrated into an XR
headset) and far- eld (su cient power even at an arm's length).

2 Literature Review

In this section we summarize research on low-power and battery-
free wearables with properties relevant to EverRing. Organizing by
property, we rst discuss di erent energy harvesting techniques
used by battery-free wearables. We conclude with techniques for
body-scale wireless power transmission.

2.1 Energy-Harvesting Wearables

For wearable devices, batteries are often seen as a hindrance be
cause they increase bulk and need to be recharged. For this reason
many prior works have attempted to create wearables that can
operate with very small batteries, or even no battery at all, and
instead harvest energy from their surroundings. In contrast to wire-
less power transmission techniques, these systems collect energy
passively and do not require an external device to emit energy.

Many di erent techniques have been utilized for energy har-
vesting, including solar4§, RF 34 4§, movement of the user's
body [46 53, and even perspirationIq. For RF, common ambient
sources to harvest include WiFi, 5G, and Bluetoobh [The energy
available to harvest from ambient wireless signals is minuscule
(nanowatts at room scale], which is a reason why we did not
explore it for this project.

Another class of systems that use an active transmitter, but
themselves act purely passively, are battery-free RFID systems such
as WISP 40. These systems, including wearable variant<]|
work by receiving an RFID signal and using its energy to brie y
power sensors or a microcontroller that change the properties of
the backscattered signal. The transmitter looks for changes in the
re ected signal to measure a change in sensor value on the battery-
free device [16, 40].

2.2 Body-Scale Wireless Power Transmission

An alternative to passively harvesting sources of ambient energy is
to receive energy from an external device that is actively transmit-
ting. This technique is more commonly known as wireless power
transmission (WPT) and is the technique that we use in our system.
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Many di erent mechanisms have been explored for enabling
body-scale WPT. Some examples include inductive c@i6:43
45 54, magnetic resonance2fl], electrode coupling 35, body
coupling [19 20 22 32 38 57, ultrasound B3, laser 424, NFC
[6,10 23, and RF 8, 25 37, 39 47, 5(0. Of these, the most popular
tend to be inductive coils, body coupling, and RF (which we use).

Inductive coils have the main advantage of a very high e ciency
(up to ~80%)43. The downside is that this high e ciency is at-
tained only at a very short ranges (a few centimeterdg[ We
attempted a ring-sized coil for an early prototype, but found the
range to be far too short (<5-10 cm) to be powered from a head-
set transmitter. Range can be extended using larger or additional
transmitting coils, potentially integrated into clothing as seen in
Takahashi et al. [45].

Another approach are "body coupled"” systems that send a very
small amount of current at high frequency through the user's epider-
mal tissue L9 20, 22, 3§. While body-scale ranges can be achieved,
the main downside is received power is low, especially at longer
distances such as head to hand (158 in [19]).

Wireless RF power o ers a balanced approach. Unlike inductive
coils, RF can achieve much longer ranges, and compared to body
coupling, received power at the hand is greater (300-800 [24,

49. One of the downsides of RF is that similar to inductive cails,
transmission e ciency is greatly improved when the size or shape
of the receiver (in this case an antenna) is increased. Prior works
with high e ciency use large antennas infeasible for a wearable
[49; smaller antennas are far less e cienf]7]. As such, a great deal

of research has focused speci cally on how to optimize antenna
designs to best receive power when worn on the bo®@¢[39 50,

which we also explored and discuss.

3 Implementation

In this section we detail our proof-of-concept EverRing prototype.
We begin by discussing how our wireless power transmission works,
then discuss the design of our antenna and physical ring. Next, we
provide details on the embedded system, including hardware and
software components. We then o er a power consumption analysis
of each of the input/output capabilities we selected for inclusion in
our prototype. We conclude with discussion of how these hardware
capabilities could support rich interaction use cases.

3.1 Wireless Power Transmission

The goal of our system is to obviate the need for a battery, which we
do by transmitting power wirelessly through the air using RF waves.
To do this, we use an RF transmitter mounted at a slight downward
angle on a Meta Quest 3 heads2¢] (Figure 1A) and an antenna on
our ring (Figure 1C). In this setup, power is taken from the battery
of the headset and used to power the transmitter. The energy is
captured by the ring's antenna and stored in a supercapacitor on
the ring for present or future use.

For an RF transmitter, we selected the PowerCast TX91863 [
This is a standalone module, powered with a USB cable, that emits
915 MHz RF. The transmitter is a rectangular PCB patch antenna
and measures 142.0 cm. In a future design, we imagine this
antenna would be integrated directly into the front of the headset,
or the front frame of a pair of XR glasses.
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