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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 offer rich output
capabilities, but tend to be input bottlenecked).

We note that previous work has enabled battery-free passive
sensing [43], or wirelessly powered active sensing, but only for
short ranges (e.g., from the wrist to the fingers [44]) or using much
larger transmitter hardware (e.g., torso-sized inductive coils [45]).
Our approach is both compact (able to be integrated into an XR
headset) and far-field (sufficient 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 first discuss different 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 different techniques have been utilized for energy har-
vesting, including solar [48], RF [34, 48], movement of the user’s
body [46, 53], and even perspiration [15]. For RF, common ambient
sources to harvest include WiFi, 5G, and Bluetooth [5]. The energy
available to harvest from ambient wireless signals is minuscule
(nanowatts at room scale) [2], 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 variants [16],
work by receiving an RFID signal and using its energy to briefly
power sensors or a microcontroller that change the properties of
the backscattered signal. The transmitter looks for changes in the
reflected 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.

Many different mechanisms have been explored for enabling
body-scale WPT. Some examples include inductive coils [26, 43–
45, 54], magnetic resonance [21], electrode coupling [55], body
coupling [19, 20, 22, 32, 38, 52], ultrasound [33], laser [42], NFC
[6, 10, 23], and RF [8, 25, 37, 39, 47, 50]. 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 efficiency
(up to ~80%) [43]. The downside is that this high efficiency is at-
tained only at a very short ranges (a few centimeters) [43]. 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 [19, 20, 22, 38]. 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 µW in [19]).

Wireless RF power offers 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 µW) [24,
49]. One of the downsides of RF is that similar to inductive coils,
transmission efficiency is greatly improved when the size or shape
of the receiver (in this case an antenna) is increased. Prior works
with high efficiency use large antennas infeasible for a wearable
[49]; smaller antennas are far less efficient [27]. As such, a great deal
of research has focused specifically on how to optimize antenna
designs to best receive power when worn on the body [34, 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 transmissionworks,
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 offer 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 headset [28] (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 TX91503 [36].
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 14.4 × 2.0 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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Figure 2: Photos of our final proof-of-concept ring.

Power transmission at 915 MHz has been successfully demon-
strated in the past [37, 47]. Beyond the proven advantages of this
style of wireless power transmission, we chose PowerCast’s module
primarily for its compact size, and, together with the Quest 3, for
their ease of setup, and availability. Nevertheless, the principles we
present are also valid for alternative headsets and transmitters.

When operating, the TX91503 transmits 3.0W Effective Isotropic
Radiated Power (EIRP) in its normal direction and consumes 4.0
W of power (from the headset battery in our case). This level of
power transmission has been certified by the FCC to be safe for use
around humans, although care should be taken for individuals with
pacemakers or at higher risk [36]. Since the PowerCast module
beams power broadly, multiple antennas could receive power at
the same time (e.g., multiple EverRings, or other wearables).

3.2 Antenna Design
To receive the power emanating from our transmitter, we first
designed and constructed a custom antenna for our ring. When
designing this antenna, we had to consider several challenges. For
one, users expect that a smart ring should be compact and unobtru-
sive, thus our antenna cannot extend too far out from the finger. On
the other hand, due to the conductive properties of human tissue,
antennas in close proximity to the skin are significantly attenuated
[1, 29]. These two challenges come directly into conflict because a

Figure 3: VNA measurements comparing the performance of
the three antennas we tested during our prototyping process.
Of the three, our final custom helical and body grounded
ring antenna achieved the best overall performance.

worn antenna performs better when it is larger or placed further
from the body [1], however doing this directly contributes to bulk.

Considering these constraints, we made a flexible PCB antenna
design with a long length that meandered to optimize performance
at 915 MHz, while remaining compact (Figure 3, center). To coun-
teract the body attenuation issue, we designed the feed point of the
antenna to be as close as possible to the finger and the receiving
end to be as far away as possible. While we found our custom an-
tenna performed better than a commercial off-the-shelf 915 MHz
monopole antenna (Figure 3, left), our design was also much more
sensitive to orientation, which is problematic for a ring that can
be in many different 3D orientations relative to the headset as the
hand moves. In addition, we found this design was strongly affected
by closeness to the finger, with performance being significantly
better when worn on the tip of the finger rather than below the
second knuckle like a typical ring.

For our next antenna design iteration (Figure 3, right), we took
advantage of the monopole antenna’s omnidirectional radiation
pattern, while improving performance near the finger. This was
accomplished by making a helical monopole with a large ground
plane on the entire outside of the ring to maximize conductive skin
contact with the finger. This design was inspired by theory for
wearable antennas that dictates attenuation can be minimized by
increasing the size of the ground pole of the antenna andminimizing
the potential difference between the antenna ground and the skin
[29]. Performance can still vary with ring orientation, but the effect
is minor as it is uncomfortable to pitch the finger in the direction
aligned with the antenna’s null axis (perpendicular to top of ring).

Figure 3 shows plots contrasting performance of the three anten-
nas we explored. Standing wave ratio (SWR) is a common antenna
metric used to measure how much power is transmitted from a
source to a load. S11 is an SWR measurement indicating how much
of the signal entering an antenna is reflected back due to impedance
mismatch. A higher number (further from zero) indicates less re-
flection and better antenna performance. At a tuned frequency of
914 MHz, our final design attained a S11 SWR of 1.1, which is 7%
better than our first design (flexible PCB antenna) and 24% better
than a commercial monopole antenna.

3.3 Physical Ring Design
A photo of our prototype ring is shown in Figure 2. Unlike many
existing smart rings, which distribute their volume equally about
the circumference of the finger, we opted for a form factor more
akin to sports championship ring. This shape moves the bulk of the
components to the top of the ring, while minimizing volume on the
sides. The benefit of this design, beyond comfort, is to maximize
the distance between the antenna and skin, reducing attenuation
(a key finding from the prior section). Beyond the antenna, the
inner volume of the ring is filled with the remaining components,
including our MCU, supercapacitors, sensors, haptic actuator, etc.

3.4 Embedded Hardware
We created our own embedded hardware to collect, store, and man-
age power, provide compute, and control sensors. The custom PCB
that we designed is shown in Figure 4, which mates to a nRF52840
microcontroller (we use a modified XIAO board) [41]. Our PCB
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Figure 4: Design and layout of our sensing and control PCB.

also accommodates a PowerCast P2110B RF-to-DC daughter board
[35]. We specifically chose the nRF52 platform due to its low-power
modes and built-in Bluetooth Low Energy (BLE) communication
stack. In typical operation, we keep our microcontroller in an ultra-
low power sleep mode and wake it up using timer interrupts or
trigger interrupts from sensors to know when to collect a new
sensor value and send it over BLE.

Our PCB directly hosts, or is wired to an array of input / output
components: an infrared LED, time-of-flight (ToF) depth sensor,
five-way tactile switch (four directions + click), haptic actuator
(LRA), accelerometer, and magnetometer. These components are
shown and summarized in Figures 1, 5 and 6. We discuss how
different combinations of these input and output capabilities can
power interactive uses cases in Section 4.

3.5 Power Consumption
A breakdown of the power consumption and test conditions of each
of our system’s interactive features can be found in Figure 6. Amajor
takeaway from our power analysis was the large disparity in power
consumption between different components that enable similar
interactive capabilities. For example, the five-way tactile switch
consumed only 1 𝜇W for directional input, while the accelerometer
consumed 216 𝜇W (at 25 Hz) for 3D pointing. For a number of
basic interactions, such as navigating a menu interface, both input
techniques enable a similar set of controls, however one consumes
two orders more energy. In addition, many of the components
have multiple data rates or interrupt modes modes that drastically
change how much power is consumed. As such, depending on the
power available, designers may choose to tradeoff higher framerate
sensing for more reliable operation or the use of more sensors.

4 Example Interactive Uses
We curated a set of input/output capabilities for our prototype
ring to highlight the potential of our approach. To convey this, we
provide a series of example use cases our ring can support, which
have been previously explored in the literature. We note the set of
sensors and inputs we selected is not definitive or exhaustive, and
future rings could include a different mix of components to support
other useful interactions. At a high level, our guiding ethos was to
maximize the number of interactions for the lowest power cost.
Directional Input - Directional input is one of the most foun-
dational ways to interact with a user interface. We considered a
number of different components, including a hall-effect joystick,
a trackball, a potentiometer-based joystick, and a five-way tactile

switch (up/down/left/right/click). Of these, we selected the latter
because it not only consumed little to no power when not in use,
but also could use its discrete switch changes to trigger interrupts
to wake the microcontroller from sleep.
Clicks & Taps -Also foundational for input is the ability to confirm
an input or action with a click or tap. In our system, there are two
ways to achieve this. At an extremely low power cost, clicks can be
performed with the center function of our five-way tactile switch.
As an alternative, we also have a BMI270 3-axis accelerometer [4]
that can detect sharp spikes in acceleration corresponding to taps
of the finger. To enable this, the accelerometer can be programmed
either in a polling (higher power, more data for other uses) or
interrupt (lowest power) mode.
3D Pointing - In cases with a larger number of selectable elements,
directional input may be too slow. Instead, it may be preferable to
point a ray in 3D space to make a selection. In fact, "point and click"
interaction is perhaps the most valuable interaction missing from
many contemporary smart glasses. By fusing data from our ring’s
accelerometer and magnetometer [30], we generate an estimate of
the 3D orientation of the ring finger, which can be used for pointing.
Hand Tracking - Hand tracking for input in XR headsets and
glasses is currently achieved with cameras and deep learning mod-
els, both of which are power-expensive. As one alternative, we
can use our ring’s infrared LED, which can be readily segmented
from the background with basic (and low-power) heuristics. We
note that current XR headsets, including the Meta Quest 3S and
Apple Vision Pro already contain monochrome cameras sensitive
to infrared light, and could be used for stereo tracking of an IR LED.
Similar to other sensors, the LED does not have to run continuously
and can be pulsed to save power at the cost of less frequent updates.
Fingertip Micro-Gestures - Depending on the use context and
application, some users may prefer to perform more subtle finger
micro-gestures. For this, we included a VL53L1 time-of-flight (ToF)
depth sensor [31] on the bottom of our ring, enabling mid-air thumb
gestures. Thumb swipes to the side of the index finger are also
possible if the sensor is located on the side of the ring.
Held Object Detection - As XR headsets and glasses become
more capable with the integration of AI agents, they will also have
increased capabilities to adapt to the user’s context. For example,
a headset is normally asleep to save power and protect privacy,
but our ring could detect when the user picks up an object and
the headset/glasses could take a picture to find out what it is and
if the user needs contextual assistance. In this example, our ring
can use the ToF sensor in an interrupt mode (which is much lower
power than the polling mode; see Figure 6) to detect when there is
an object abutting the ring in the user’s palm.
Haptic Feedback - Finally, beyond input, a smart ring could also
have the ability to provide output information to its wearer. We
integrated a VLV041235L linear resonant actuator (LRA) [51] pow-
ered by a DRV2605L motor driver [14] to provide haptic feedback.
Though the most power-hungry component in our system, we be-
lieve that haptic feedback can offer great value. For instance, it
could provide haptic feedback when clicking a virtual button in XR.
We note, however, that even in optimal conditions (ring operating
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Figure 5: Complete diagram outlining the components of EverRing. Received RF energy passes through energy harvesting
circuitry to convert it to DC power which is stored for later use. Using this energy, our MCU can be programmed based on the
application to control various input sensor and output haptics while communicating to external devices.

Figure 6: Table detailed the power consumption of each of our
system’s components in various operating modes. Below the
tablewe plot (on a log scale) the average power of components
for easier comparison.

directly in front of the user at 25 cm), our ring can only harvest
enough power for a short haptic event roughly once a second. Of
course, our ring can accumulate charge in its supercapacitor, which
if fully charged, has enough power for approximately 400 haptic
events. However, our ring does not have, nor can harvest, enough
power for e.g., haptic feedback when continuously typing.

5 Evaluation
To evaluate how well EverRing performed at capturing transmitted
wireless power, we conducted a user evaluation. The goal of the
studywas to collect measurements of harvested power for the entire
region or "cloud" of possible positions the ring might inhabit in
front of the user (and thus headset) during typical XR use. For this
study we recruited 10 participants (5 male, 5 female, mean age 25.5).
The study lasted 25 minutes, was conducted in a typical office space,
and participants were compensated $10. After completing consent
paperwork, participants wore a Quest 3 headset instrumented with
the RF transmitter and our ring on their right index finger.

Wemade one small modification to our hardware to capture accu-
rate readings of harvested power. Specifically, instead of connecting

the output of the energy harvesting circuit to the supercapacitor
and MCU, we connected it directly to a shunt resistor and powered
the MCU off of a LiPo battery. The MCU took measurements ev-
ery 10 ms (100 FPS) of the shunt current using its 10-bit ADC and
transmitted the result to a laptop over BLE. On the laptop, we ran a
custom Unity program which used the Quest 3 hand tracking API
to log the 3D position of the ring relative to the headset.

During the study, we rendered outlines of floating shapes in front
of the user in XR that periodically scaled, rotated, and translated
within specified ranges. We prompted users to use the outlines as
paths and follow them with the ring. The goal was to generate
broad coverage of the tracking area in front of the headset. Every
30 seconds the path changed to a new shape (square, circle, triangle,
star, figure-eight, repeat). After 10 minutes, participants were given
a break, then the orientation of the shapes was changed from hori-
zontal to vertical and the task repeated. In total 1.2 million power
measurements were collected (10 participants × 20 min × 100 FPS).

6 Results & Discussion
In this section we share findings from our evaluation and implica-
tions of those findings for application developers and practitioners.

6.1 Received Power
The results from our power measurement study are visualized in
Figure 7. To generate these "power clouds", we aggregated the
measurements from all participants into a single point cloud, then
voxelized the point cloud using a voxel size of 1.5 cm. To compute
the power value for a voxel, we took the average of all measure-
ments within that voxel. To generate the side, front, and top views
in Figure 7, we created 2D projections by taking the max voxel value
from each slice along the corresponding axis for that view. Analyz-
ing the voxel clouds, the results mostly matched our expectations
given the angle and radiation pattern of our headset transmitter
[36]. This is most readily seen in the side view, where a strong cone
of received power is projected down and out from the headset (and
where the arms would typically inhabit for many XR interactions).

The most interesting pattern was in the top view, where we
observed a triangular cone radiating out about 25 cm from the
headset, then sharply dropping off with two lobes off to each side.
We do not have an exact explanation for this behavior, but we did
notice participants tended to change the orientation of their finger
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Figure 7: Plots of the voxelized "power clouds" we measured
during our user evaluation. Even at an arms length away
(30-50 cm), received power is still sufficient to continuously
power most of our interactions.

depending on how far away they were reaching. Our RX helical
antenna, although omnidirectional, has null regions at its poles.
One hypothesis is that when participants reach out further, they
also pitched their finger up more, bringing the RX antenna’s null
axis more in line with the transmitter. This could explain a drop off
in received power that happened more rapidly than the gradual fall
off with distance, observed in the side and front views.

Finally, considering absolute power values, we were satisfied
with performance. When holding their hand at a comfortable arm’s
length away, the ring still received a respectable ~1.7 mW of power.
This amount is much higher than competitive approaches using
body coupling [19, 22, 38]. In addition, although not enough to
continuously run power-hungry components like the haptic LRA,
it is more than sufficient to keep the MCU transmitting regular
BLE packets with data from the other sensors, or to charge the
supercapacitor and provide infrequent haptic feedback. When the
hands are operating closer to the headset, even down by the ab-
domen, received power is closer to ~3.5 mW, which could enable
even power-hungry haptic events at around 1 Hz.

6.2 Implications for Practitioners
We note that our "power clouds" could act as a look-up table of
sorts for application designers, mapping 3D coordinates to received
power. For instance, if a developer knows where a user might in-
teract with their application (in mid-air, on a table, on a wall, at
the waist, etc.), they can utilize our results to get an approximation
of received power. A power budget with sensor/actuator duty cy-
cles can then be created. If hand movement is involved developers
could collect data on the location of the fingertip over time while
using their app, then map and integrate the data to determine the
approximate power harvested by EverRing during that activity.

We piloted this method ourselves, collecting one minute of hand
tracking data for each of the following activities: typing at a desk,
interacting with a mid-air virtual UI, playing a VR game (Beat Saber
[7]), and walking with hands swaying at our side. Using our power
cloud as a look-up table, integrating power received over time, we
found in one minute we could harvest 769 joules while typing, 651
joules with a mid-air UI, 648 joules while playing Beat Saber, and
656 joules while walking. These simple examples show how our
results have practical utility to help developers estimate how much

power could be available to EverRing in their application, and thus
what budget they have to spend on ring interactions.

7 Limitations & Future Work
While EverRing makes progress in elevating the capability of smart
rings while functionally sidestepping the issue of limited battery
capacity, it nevertheless presents tradeoffs in its design and areas
for future work we would like to discuss.

First, while we have demonstrated the ability to power a smart
ring wirelessly at range, this power is not free and does place an
increased burden on the XR headset battery. The battery on the
Quest 3 has a 18.88Wh rating and battery life during games and MR
applications averages ~2 hours (9.44 W consumption) [28]. While
operating, our transmitter consumes 4.0 W. Thus, we can expect
battery life to effectively decrease by 30%. This is an obvious tradeoff
for many applications, but this also represents the "worst case" with
no significant optimizations. For example, when the ring is close to
full charge, or when it is too far from the headset to receive much
power, the transmitter could be turned off to save battery.

A second, related limitation is the efficiency of our wireless
power transmission. At arm’s length, our efficiency was ~0.1% (in-
cluding RF-to-DC conversion), which is very low. While much less
than near-field coil-based techniques [43], our efficiency is on par
with other far-field techniques that have attempted wireless power
transmission with a similar setup, range, and antenna size [27]. One
avenue for improving efficiency is further refinement of the RX
antenna design, however there are limits with near-body coupling.
A more promising avenue, which could provide huge potential im-
provement, is the ability to use the tracked location of the ring to
beamform [12] RF energy. Directing power only to the ring would
greatly reduce excess power radiating into the environment.

Finally, while we made efforts to make our prototype compact,
there is still room for improvement. Compared to typically worn
jewelry, our ring prototype is bulky. One way to reduce size would
be to use a flexible PCB wrapping around the ring body and a re-
design of the RX antenna closer to our meandering dipole prototype
(Figure 3, center). However, as we noted, there are tradeoffs with
received power the closer the antenna is to the skin.

8 Conclusion
We presented our work on EverRing, a novel ring device that never
needs to be taken off to charge. EverRing receives its power through
the air from an RF transmitter on a paired XR headset via a spe-
cialized RX antenna inside the ring. Our ring is highly capable
and enables many different interactions including directional input,
point and click, micro-gestures, haptic notifications, and more. We
provide details on the power consumption of all interactive compo-
nents in different operating modes and ran a user study to measure
received power during typical use. Together, we hope these results
can be used in the future by practitioners of our system to design
interactive apps that match their anticipated power budget.
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