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Figure 1: Overview of picoRing mouse, enabling 30-500 uW-class ultra-low-power wireless ring mouse for ubiquitous finger
input. The ring can potentially operate over a month on a single charge of a 27 mAh battery (https://youtu.be/7RazVNMx0M:s).

Abstract

Wireless mouse rings offer subtle, reliable pointing interactions for
wearable computing platforms. However, the small battery below 27
mAbh in the miniature rings restricts the ring’s continuous lifespan
to just 1-10 hours, because even low-powered wireless communi-
cation such as BLE is power-consuming for ring’s continuous use.
The ring’s short lifespan frequently disrupts users’ mouse use with
the need for frequent charging. This paper presents picoRing mouse,
enabling a continuous ring-based mouse interaction with ultra-low-
powered ring-to-wristband wireless connectivity. picoRing mouse
employs a coil-based impedance sensing named semi-passive in-
ductive telemetry, allowing a wristband coil to capture a unique
frequency response of a nearby ring coil via a sensitive inductive
coupling between the coils. The ring coil converts the correspond-
ing user’s mouse input into the unique frequency response via an
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up to 449 uW mouse-driven modulation system. Therefore, the
continuous use of picoRing mouse can last approximately 600 (8hrs
use/day)-1000 (4hrs use/day) hours on a single charge of a 27 mAh
battery while supporting subtle thumb-to-index scrolling and press-
ing interactions in real-world wearable computing situations.
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1 INTRODUCTION

Mouse devices are basic tools for simple, fast pointing with comput-
ers [45]. Integrating tinymouse functionality into wearable form
factors such as wristbands, glasses and rings (e.g., Apple Watch,
Galaxy Ring) promises always-available essential interactions with
wearable computing platforms [20, 50]. Especially, the wireless
ring-formed input devices worn on the index finger offer reliable
detection of even subtle, privacy-preserved thumb-to-index finger
inputs, unlike the wristband and glasses [22, 41]. However, the
physical constraint of the tiny ring structure requires the equip-
ment of tens of mAh small batteries, challenging the continuous
operation of tens of mW-class power-consuming wireless commu-
nication modules. For example, prior wireless rings support below
1-10 hours of continuous wireless communication with Bluetooth
Low Energy (BLE), limiting the ring’s communication usage to
intermittent data transmission [15, 22, 37, 58]. Such an operation is
suitable for periodic healthcare monitoring around the rings (e.g.,
Oura Ring, Galaxy Ring), but not appropriate for the ring-based
input interface that requires long-term, real-time communication
with other wearables (e.g., smartwatch, HMD).

This paper presents picoRing mouse, enabling an ultra-low-power
ring-shaped wireless tinymouse with a ring-to-wristband coil-based
impedance sensing (see Figure 1). picoRing mouse is inspired by a
coil-based sensitive impedance sensing named passive inductive
telemetry (PIT) [39, 41]. Unlike long-range electromagnetic com-
munication such as BLE and RF backscatter, PIT constructs a short-
range but ultra-low-powered inductive link between a pair of a ring
coil and a wristband coil. Since the ring coil can send its sensor
information to the wristband coil by simply modifying the induc-
tive field generated from the wristband coil, the ring coil does not
need active signal transmission with power-hungry communication
modules. With the combination of PIT with the ring-based mouse
module, picoRing mouse enables the ultra-low-powered tinymouse
ring with maximum power consumption of approximately 449 pW,
enabling continuous operation of approximately 7 (24hrs use/day)-
44 (4hrs use/day) days on a single charge of a 27 mAh curved Lipo
battery. Furthermore, the shift from a previous full-passive ring
design in original picoRing [41] to our semi-passive ring design
by integrating an ultra-low-power MCU enables accurate detec-
tion of subtle mouse inputs without any physical noise issues (e.g.
chattering) and demonstrates picoRing’s practical use in real-world
scenarios. To facilitate replication and provide comprehensive im-
plementation details, we have open-sourced the current picoRing
mouse: https://github.com/KawaharaLab/picoRing_mouse.

Our contribution is summarized as follows:

o The design of an ultra-low-powered wireless communication
between ring and wristband devices, inspired by sensitive
PIT architecture [41].

o The demonstration and technical evaluation of 500 uW-class
wireless ring mouse named picoRing mouse toward ubiqui-
tous thumb-to-index input.
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Figure 2: Schematic of passive inductive telemetry (PIT) for
ring-to-wristband low-powered wireless connection [41]. PIT
allows the wristband coil to stably detect the passive re-
sponse from the ring —the passive shift in the ring’s resonant
frequency- through a ring-to-wristband inductive coupling.

2 RELATED WORK
2.1 Wearable Mouse

Wearable mouse has emerged as seamless interaction with wearable
computing devices [5, 10, 34]. Specifically, the smart accessories
such as rings or wristbands allows users to control and interact with
technology through subtle finger and hand movements [14]. Wrist-
bands have been explored for detecting finger movements using
various technologies, including force measurement [7], electromag-
netic waves [21], inertial sensing [23], capacitive coupling [55], and
electromyography (EMG) [35]. While these methods can detect
gestures, they face challenges in accurately capturing subtle finger
motions due to the distance from the fingers. Machine learning and
sensor fusion techniques have been employed to improve gesture
recognition accuracy, though they often require dynamic motions
and frequent calibration [50]. In contrast, rings provide a closer
proximity to the fingers, allowing for more precise detection of sub-
tle movements even with simple sensors and algorithms [20, 41].
This close-range sensing enables stable interaction without causing
user fatigue, making them suitable for everyday use.
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Table 1: Technical comparison of wireless ring-based input devices. To the best of our knowledge, picoRing mouse is the first

UIST °25, September 28-October 1, 2025, Busan, Republic of Korea

long-term wireless tinymouse ring achieving an ultra-low-powered operation below 1 mW.

. Wireless Ring’s maximum Available User and session
Ring Components . power . . .
connection input interface independence
(mW)
Galaxy Ring Ring BLE - Finger tap v
ElectroRing [20] | Ring BLE 220 Finger press v
Ring-a-Pose [51] | Ring BLE 148 Finger pose v
OmniRing [58] 1-5 rings BLE 40/ring Finger pose v
IRIS [22] Ring BLE 26 Vision v
MouseRing [22] Ring BLE -10 Finger slide v
Intrabod o
FingeRing [9] 5 rings & wristband v 1.8/ring Finger tap Unstable link
communication .
under RF noises
g X
. . Static . .
Nenya [1] Ring & wristband . 0 Finger scroll Unstable link
magnetic field L
under magnetic noises
. . . Near-field .
AuraRing [33] Ring & wristband inductive coupling Finger pose v
TelemetRing [39] | 5 rings & wristband PIT 0/ring Finger tap v
picoRing [41] Ring & wristband PIT 0 Finger press or scroll v
picoRing mouse | Ring & wristband semi-PIT 0.45 Finger press and scroll v

2.2 Wireless Ring

Ring-formed mouse devices have long been investigated within the
HCI community. The exploration of the previous mouse ring can
be divided into two categories: i) ring-based sensing techniques
such as computer vision [3, 19, 38], inertial sensors [28, 37], ul-
trasound [51, 53], and electromagnetic wave [4, 46] and ii) low-
powered wireless ring design using RF backscatter [2, 8, 30], near-
field communication (NFC) [24, 29, 52], intrabody communica-
tion [10, 44], and magnet-based tracking [1]. The ring-based fin-
ger sensing demonstrates high-fidelity microgesture recognition
compared to the wristband- and glasses-based finger sensing [20].
However, the long-term operation of the low-powered wireless
rings is still challenging [47]. Specifically, uW-class RF backscat-
ter and magnet-mounted ring need a large antenna and a bulky
magnet, which is hard to fit in the small ring [1, 32]. Moreover, the
magnet-based tracking via exposed static magnetic field is easily
influenced by the surrounding magnetic noises such as electrical
appliances, impairing the tracking accuracy of the magnet position
or orientation [48]. mW-class NFC supports small tag design, but
the communication range is a few centimeter-scale [13, 40, 54];
such a short-range link cannot construct ring-to-wristband commu-
nication. Intrabody communication [10, 44], which uses capacitive
body as a signal path, can transmit signal with uW-class ultra-low-
power throughout the body [25], but both the RF presence of other
electronic devices and the daily items such as wooden desk and wall
can impair the capacitive signal path, causing signal degradation,
reduced transmission range, or even data loss [20].

2.3 Passive Inductive Telemetry

picoRing [41], which is most similar to this paper, extends the
coil-based communication distance by using PIT [26, 39, 42]. PIT
consists of a pair of a fully-passive ring coil and a wristband coil,
allowing the wristband to detect the passive response of the ring
coil (see Figure 2). Specifically, ring coil, which consists of a reso-
nant LC tank connected to a physical switch, converts the thumb-
to-switch inputs into the change of the ring’s resonant frequency,
defined as f = 1/(27VLC), without any active electrical compo-
nents; ON/OFF of the switch connected to the chip capacitor allows
the passive change of the total capacitance of the ring coil. Be-
cause the ring’s resonant change causes the impedance change in
the wristband coil through ring-to-wristband inductive coupling,
the wristband coil can recognize the thumb-to-switch input by
detecting the frequency peak in its impedance characteristics, ap-
peared around the ring’s resonant frequency. Because the ring away
from the wristband inevitably couples with the wristband through
a significantly weak inductive coupling, prior picoRing [41] has
proposed the sensitive PIT by combining a sensitive coil with dis-
tributed capacitors [6] with a sensitive impedance measurement
circuit named balanced bridge circuit [39]. The sensitive coil, which
has a large turn number or large inductance at a high resonant fre-
quency (i.e., tens of MHz) by inserting multiple chip capacitors into
a single long coil, can increase the passive response from the ring
coil. Furthermore, the bridge circuit, which uses a differential circuit
structure and impedance balancing technique, can be sensitive to
the small impedance change of the wristband coil. With these con-
figuration, picoRing constructs stable ring-to-wristband wireless
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Figure 3: Design overview of picoRing mouse. (a) Schematic of picoRing mouse, consisting of a pair of a ring coil and a wristband
coil connected to a readout board (impedance measurement circuit). (b) Illustration of working principle of the ring coil to
convert the mouse input into unique shift of the ring’s resonant frequency. (c) Circuit diagram of picoRing mouse.

link despite proximity to metallic items and electrical appliances.
For more detail, please refer to [41].

While picoRing employs the passive mechanical switch as the
battery-free variable capacitor, the ring without any digital com-
putational components, e.g., microcontroller (MCU) and analog-to-
digital converter, is challenging to support mouse-like multi-modal
inputs. This is because the ring-sized input sensors available in
the commence needs the battery-assisted electrical sensors; the
miniaturization of multi-modal mechanical switch is hard due to
the spatial challenges. Therefore, prior picoRing [41] requires the
users to change the different types of rings (e.g., picoRing press,
slide, joystick, and scroll) according to the target finger inputs. By
contrast, picoRing mouse can support multi-modal thumb-to-index
inputs with a single ring by integrating low-powered, miniaturized
mouse sensor and signal encoding circuit into the prior picoRing
system. Table 1 shows the technical comparison among ring-formed
mouse devices. To the best of our knowledge, picoRing mouse
is the first to demonstrate the ultra-low-powered wireless
mouse ring below 500 uW for long-term ubiquitous finger
input interface.

3 SYSTEM DESIGN

picoRing mouse consists of two main components (see Figure 3a):
1) a ring coil with a mouse module, which changes its frequency re-
sponse based on the thumb-to-index inputs, and 2) a wristband coil
that detects the unique peak in the frequency response generated
by the ring’s resonance. The working principle of picoRing mouse
is as follows: First, the wristband coil generates a weak inductive
field to couple with the nearby ring coil. When the user scrolls
or presses the mouse module mounted on the ring, the MCU con-
nected to the mouse module detects either the scrolling or pressing
via the magnet or tactile switch, transforming the mouse input
into a unique frequency response (i.e., the change in the ring’s
resonant frequency) via a voltage-controlled variable capacitor (see
Figure 3b). Owing to the inductive coupling, the wristband coil
connected to a sensitive impedance measurement module obtains
the frequency response. Since the ring’s frequency response ap-
pears as a sharp frequency peak at the ring’s resonant frequency
in the frequency characteristics of the wristband’s impedance, the
wristband coil enables to recognize the mouse input (i.e., pressing
and 2D scrolling) as a unique peak output.
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3.1 Ring-to-wristband Wireless Communication

picoRing mouse extends the PIT system in a semi-passive manner.
While the prior PIT features the full-passive design of the ring
coil by modifying the ring-to-wristband inductive field with a full-
passive modulation circuit composed of tactile switches. In contrast,
picoRing mouse employs the semi-passive modulation approach,
which modifies the inductive field with a low-powered digital mod-
ulation circuit composed of a battery-assisted voltage-controlled
variable capacitor. Note that the semi-passive modulation approach
does not use the active signal transmission circuit. Unlike full-
passive modulation, the semi-passive modulation can transmits the
sensor information as digital signals. Specifically, picoRing mouse
uses a simple frequency-shift keying, which encodes the multi-
modal mouse input into a corresponding frequency shift based on
the voltage-controlled variable capacitor.

Let us explain how the ring coil can influence the wristband coil
in the frequency-shifting manner. When the ring coil resonates at
fo inductively couples with the wristband coil, the input impedance
of the wristband coil, Zjy,q, can be expressed as follows:

Z10ad (@) = Zyrist () + AZyrist (@) (1)
AZ, (wM)z 2
wrist (@) = m (2)

) 1
Zywrist (@) = Ryrist + j | @Lwrist — ——— (3)

@Cyrist
] 1

Zring(w) = Rring +J WLring - ang 4)

where Zyrist and Zyjng are the total impedance of the wristband and
ring coils, respectively, w (= 27f) is the angular frequency, M is
the mutual inductance between the ring and wristband coils. Zying
can be simplified as Rying at fy because woLying — 1/(@00Cring) is 0
in the resonance state. As a result, Equation 2 can be also simplified
at wo = 27fp as follows:

(woM)?

AZyrist(wo) = ©)

Rring

Equation 5 indicates AZyyigt increases significantly around wy, re-
sulting in the sharp peak in the frequency characteristics of AZyyigt
around wo. However, similar to picoRing [41], the extremely weak
inductive coupling makes AZyyigt too small to detect through a
standard impedance measurement circuit.

To detect AZyyist, or small variations in Zj,,q, the balanced
bridge circuit is useful [39, 41]. The balanced bridge circuit, shown
in Figure 3c, can be sensitive to only the small impedance change,
by an impedance balancing process between the wristband coil and
embedded chip components on the bridge circuit (Zyyist = Zyef)-
With this impedance balance, the output of the bridge circuit, Vout
and Poyt, at wg can be expressed with Zyist > AZyyrist, Equation 1,
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and Equation 2:

Vin  Vin

Zioad Lyt

AZyrist(w)

TVm 7)
ref

| convert Vout to Pout (dB)

(6)

Vout(w) = _Ramp

~ Ramp

0 (w # wg or w/o ring coil)

8)
AZyrist(wo) (dB) (0 ~ wo)

APoyt(w)(dB) ~ {

where Vjj, is the input voltage of the bridge circuit, Ramp is the am-
plifier factor. Note that Zyjng (@) > (oM )2 is valid under condition
@ # wo because Zying has the large imaginary part at non-resonant
frequency and M is so small in the situation where the ring coil is
away from the wristband coil. Equation 8 indicates that the wrist-
band coil can reliably detect the ring’s resonant frequency through
output (Pout(dB)) of the bridge circuit. Therefore, the ring coil,
which changes its resonant frequency with the variable capacitor,
can send its mouse sensor information to the wristband coil in the
frequency-keying way. Moreover, the semi-passive signal trans-
mission of the ring coil, which modifies the inductive field from
the wristband coil in the load-modulation way, can save power for
signal transmission unlike the active signal transmission.

3.2 Ring

The ring coil consists of an 8-turned resonant coil with distributed
capacitors and the mouse module equipped with a small track-
ball (EVQWJNO007, Panasonic) supporting up, down, right, left
scrolling and pressing interactions. When users scroll or press
the trackball in the mouse module, the trackball either i) converts
the scroll rotation of the trackball into rotation of cylindrical mag-
nets with alternating polarity distribution or ii) turns on the tactile
switch reacting to the user press of the trackball (see Figure 3b). The
magnetic switch (CT8132BL, Allegro MicroSystems) below each
magnet sends the magnet rotation data to an ultra-low-power MCU
(STM32L011F4U6, STM) along with the ON/OFF data of the tactile
switch, and then, according to the input type, the MCU applies
a different corresponding voltage to a varactor diode (SMV1253,
Skyworks) by a digital-potentiometer-based voltage divider cir-
cuit (AD5160, Analog Devices). The varactor diode, which varies
its capacitance from 27 pF to 69 pF based on the applied voltage,
can change the Cying by being connected in parallel to one of the
distributed capacitors in the ring coil.

The ring coil provides five physical inputs: none, scroll down, up,
left, right, and press. The resonant frequency for each input is set
to 27.32 MHz, 27.46 MHz, 27.60 MHz, 27.83 MHz, 28.23 MHz, and
28.47 MHz, respectively, within the impedance-balanced frequency
band. The inductance (L;ing) and resistance (Rying) of the ring coil
at 28.2 MHz are 2.6 uH and 3.5 Q, respectively. Note that the ring
coil is tilted with approximately 20°, mitigating the misalignment
between the ring and wristband coils when the hand is grasped
for thumb-to-index input. Scrolling diagonally results in the simul-
taneous scrolling of adjacent horizontal and vertical magnets. For
instance, when scrolling diagonally to the upper right, both the
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Figure 4: Prototype photograph of our (a) ring coil with a
45 x 14 mm flexible PCBs including a micro trackball, mouse
sensor module, MCU, varactor diode, digital potentiometer,
and switching regulator, and (b) wristband coil implemented
flexible PCBs. The flexible PCBs are mounted to the 3D-
printed wristband, and the wristband coil is connected to
the readout board, composed of the balanced bridge circuit,
NanoVNA, and external PC.

up and right magnets move concurrently. The MCU decodes this
diagonal scrolling into vertical and horizontal scrolling in turn.
The ring coil has two types of operation modes: ACTIVE mode
and STANDBY mode. In the ACTIVE mode, the ring coil continu-
ously streams data to the wristband coil with 200 fps. By contrast, in
the STANDBY mode, the timer in the MCU periodically awakens to

Yifan Li, Ryo Takahashi, et al.

Table 2: Power consumption of the ring coil hardware.

STANDBY ACTIVE
Component

(1W) (1W)
MCU (STM32L011F4U6) 1.8 252
Mouse sensor module (4 X CT8132) 7.9 7.9
Digital voltage divider (MAX5394) 1.8 36
Power management (TPS62843) 0.63 0.63
Estimated total > 12 > 296
Measured total@4.2 V 25 449

check the receiving data from the connected magnet switch. picoR-
ing basically waits in the STANDBY mode and transits to ACTIVE
mode when the user inputs to the mouse module. When there is
no signal change in the magnet switch for 30 s, picoRing backs to
the STANDBY mode. Note that the MCU clock in the ACTIVE and
STANDBY modes is set to 524 kHz and 32 kHz, respectively.

3.3 Wristband

The wristband coil consists of a 6-turned flexible resonant coil
mounted on a 3D-printed flexible wristband and the readout board
connected to a mobile vector network analyzer (VNA) (NanoVNA-
H4). To recognize the ring’s mouse state, the wristband coil detects
the ring’s frequency peak (fy) by monitoring the frequency sweep
signal ranging from 27.0 MHz to 28.5 MHz with an input power of
0.2 mW, the frequency bandwidth of 4 kHz, the sampling number of
101, and the sampling rate of 20 fps. This setup for fast VNA readout
enables the reliable detection of subtle and fast finger scrolling but,
the frequency peak sometimes shifts because the large frequency
step resolution of the NanoVNA without noise reduction sometimes
fluctuates the frequency peak data. To address this, we’ve designed
the ring’s six resonant frequencies with a enough frequency space
of 0.2 — 0.4 MHz, as described in § 3.2.

The wristband created by FDM 3D-printing of TPU filament
is designed in the ellipse shape with 6.2 cm width, 5.2 cm height,
and 1.9 cm length to fit in the middle-sized adult hands. The wrist-
band coil is connected to the readout board via two 6 pin magnetic
connectors (DIY Magnetic Connector, Adfruit). The reader board
consists of the bridge circuit composed of six amplifiers (LTC6228,
Analog Devices), magnetic connectors, and an external PC (Mac-
book Air). The NanoVNA sends the power spectrum of the fre-
quency response to the connected external PC, which analyzes
the frequency peak in the power spectrum, similar to the same
peak detection algorithm as picoRing [41]. In total, the resonant fre-
quency, inductance (Lyyist) and resistance (Ryyrist) of the wristband
coil connected with eighteen 150 pF distributed capacitors and a
47 Q resistor in series are 27 MHz, 4.2 pH, and 49 Q, respectively,
and the measured power consumption of the bridge circuit and
NanoVNA are 0.33W (= 3.3V X 0.1A)and 1.0W (= 5V X 0.2 A),
respectively. The current wristband coil created by the flexible PCBs
and TPU-based band would have the challenge of wearability and
stretchability. The use of stretchable textile coil [16, 42] is promising
for high biocompatibility for the skin.
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Figure 5: Data plot of battery voltage over the operation time of our wireless ring.

Table 3: Estimation of battery lifespan of the ring coil driven
by 20 mAh or 27 mAh batteries, respectively.

Operation time of Battery lifespan Battery lifespan

ACTIVE mode w/ 20 mAh w/ 27 mAh
(hrs/day) (hrs) (hrs)

24 1671 225

8 451 609

4 784 1058

1. We measured the actual battery lifespan for this case.

4 TECHNICAL EVALUATION

4.1 Operation Time of picoRing mouse

First, we measured how long picoRing mouse can operate. To calcu-
late the expected battery life during usage, we first connected the
battery terminals of picoRing mouse to a digital multimeter (34410A,
Keysight). The measured power consumption at 4.2V during AC-
TIVE and STANDBY mode is measured to be approximately 449 pyW
(=4.2Vx107 pA) and 35 uW (=4.2 V8.4 nA), respectively. Then, we
estimated the battery lifespan hours for three types of different
ACTIVE operation time of picoRing mouse. For reference, we mea-
sured the battery lifespan hours when picoRing mouse operates
continuously in ACTIVE mode. The battery lifespan is calculated
from when the LiPo battery is fully charged at 4.2V until it drops
below 3.7 V (see Figure 5). To maintain the ACTIVE mode, the MCU
is instructed to keep the digital voltage divider ON, i.e., shifting up
the resonant frequency of the ring-shaped coil from 27 MHz (i.e.,
the digital voltage divider is OFF) to 29 MHz. Note that the magnetic
scroll detector is also kept running continuously. The measured
time is approximately 167 hours, i.e., 7 days with the fully-charged
20 mAh Lipo battery (UFX150732).

Based on the result of power consumption and battery lifespan
in continuous ACTIVE mode, Table 3 shows the expected battery
lifespan for the different operation hours (i.e., 4, 8, or 24 hours
per day). The lifespan hour is estimated based on two types of
battery capacity: 20 mAh and 27 mAh, both of which is widely
used in commercially-available smart ring products. Based on the
practical usage time of a mouse without causing tendinitis, which
is approximately 4-8 hours per day [11, 31, 49], picoRing mouse
has the potential to operate for approximately 451 (8 hrs/day)-1058
(4 hrs/day) hours, or over a few weeks or one month, on a single
charge of 20 — 27 mAh battery.

4.2 SNR of picoRing mouse

We then evaluate the signal-to-noise ratio (SNR) of picoRing mouse
for user’s scrolling and pressing interactions, input power, distance
between the ring and wristband, the finger bending, and public
environments. Similar to [41], the SNR was calculated as follows
using S21 100 outputs (Pout (dB) = 201log;, Vout) of the VNA:

mean (Pout w/ ring) — mean (P out w/o ring)
std (Pout w/o ring)

Here, we consider that the SNR over 10 can support high-fidelity
recognition over 99% accuracy, referring to [41]. Also, we decouple
the readout board with the common ground using the RF transform-
ers (T1-1-X65+, Mini Circuits). Figure 6a shows the time-series SNR
and the average SNR for the pressing and 2D scrolling inputs. The
average SNR was calculated using data collected over a 5-minute
period from three invited participants with almost similar hand
sizes (one woman and two men, 20s). The result shows that the
average SNR for each input is over 10 dB with minimal variations,
indicating that picoRing mouse can support high-fidelity recogni-
tion of thumb-to-mouse finger inputs for a similar hand size. To be
available for various hand sizes, we will quantitatively explore how
the coil size can affect the SNR using those like electromagnetic
simulators.

Next, we measured how the distance and orientation of the ring
coil influence the SNR of picoRing mouse. Original picoRing [41]
have shown that the SNR characteristics is almost the same with or
without the hands, thanks to the inductive inherent robustness to
dielectric human presence. Therefore, we conducted this evaluation
without human hands to easily adjust the distance and orientation
between the coils. Specifically, we prepared a set of jigs to change
the distance and orientation of the ring coil by the 3D printer (see
Figure 6b). The range of he distance is from 10 cm to 20 cm in step
of 1 cm in addition to varying the angle of the ring coil from —30° to
60° in step of 30°. We prepared the two types of ring coils: straight-
type coil and tilted-type coil with the coil angled about 20° to the
vertical axis of the ring. Because the thumb-to-index input, which is
typically performed with the finger in the bent position, can cause
misalignment between the ring and wristband coils, weakening
magnetic coupling, the tilted ring with the coil angled to the vertical
axis enables to maintain the alignment and strengthen the induc-
tive coupling. Note that the ring’s resonant frequency is tuned at
28 MHz. The result shows that the available distance is estimated
to be approximately 14 cm because the SNR is over 10 against up to

SNR(a.u.) =
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Figure 6: Signal-to-noise ratio (SNR) of picoRing mouse in controlled environments. (a) Time-series and average SNR for
scrolling and pressing interactions for three users. (b) SNR for the distance and angle between the ring and the wristband coils.
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Figure 8: Application examples of picoRing mouse.

60° finger bending. These available distance and angle provided by
picoRing mouse are well-suited for the reliable thumb-to-index in-
put during the typical middle-sized hand movements. Furthermore,
the tilted ring could increase the SNR by approximately 3 when
the finger is bent by around 30° because the measured inductive
coupling coefficient (k) increases from 0.0031 to 0.0039.

Then, we evaluated the SNR varying the input power of the
wristband coil from —30dBm (= 1pW) to 10dBm (= 10 mW) in
steps of 5 dB (see Figure 6c). The distance and angle between the
ring and the wristband is set to 14 cm and 30°, respectively. The
result indicates the input power ranging from —15 dBm (=30 uW) to
5dBm (=3.2 mW) achieves the SNR over 10, although the high input
power over 10 dBm (= 10 mW) unfortunately causes the decrease of
SNR due to the fluctuation of the amplifier in the bridge circuit. To
save the operational power of the bridge circuit, we chose —7 dBm
(= 0.2mW) as the input power of the NanoVNA, from the available
power options in the NanoVNA.

Finally, we measured the SNR during the daily usage. Although
the SNRs for proximity to metallic items and electrical appliances
are shown to be robust in picoRing [41], our focus is on measuring
the SNR against electromagnetically-noisy situations in real-world
wearable computing scenarios. Here, we consider the following
three situations: using the ring while 1) seated in a train, 2) standing
in crowded areas in addition to being surrounded by the multiple
smartphones, and 3) driving a car. Note that the measured noise
level in these situations is approximately 20 dBm/Hz higher than in
typical environments. Figure 7 shows the time-series SNR spectrum
and average SNR for these situations, based on data from a single
user (20s, man). The result indicates that picoRing mouse success-
fully detects a sharp peak at 28 MHz with the sufficient SNR over 25
despite proximity to the metallic items (e.g., steering wheels) and
electrical appliances (e.g., laptops, smartphones, electronic control
units in the cars and trains).

5 APPLICATION EXAMPLES

picoRing mouse offers a significant advantage in providing long-
term continuous operation on a single charge, while reliably detect-
ing subtle thumb-to-index inputs. Therefore, its primary application
is ubiquitous finger-based interaction systems, particularly when
integrated with augmented reality (AR) glasses or head-mounted
displays (HMD) (see Figure 8). AR glasses and HMDs often rely
on dynamic hand gestures for scrolling interactions, which can
lead to fatigue over time. In contrast, picoRing mouse offers subtle
finger inputs that enable comfortable, long-term interactions while
preserving user privacy. This makes it an ideal solution for seamless
engagement with digital content. Additionally, the device’s efficient
power management allows frequent and natural use without con-
cerns about battery life, enhancing its practicality in everyday AR
and HMD applications. Figure 8 shows some application examples
of picoRing mouse. The discreet nature of ring inputs are not easily
noticed by the surroundings, minimizing any disruption to those
nearby. For example, in an airplane or train, a user discreetly inter-
acts with a personal screen using the picoRing mouse, allowing for
private control without disturbing nearby passengers. Even in an
urban crowded space, users navigate a large public display or AR
map with the picoRing mouse, seamlessly interacting with digital
content (https://youtu.be/7RazVNMx0Ms).

6 DISCUSSION

Dual-device requirement. picoRing mouse requires users to attach
the two types of wearable devices—ring and wristband—unlike the
standard wearables like smartwatches and smart rings. Given that
many users already wear wristbands throughout the day for health
and fitness tracking, as well as for convenient visual displays, the
burden of wearing an additional ultra-low-power ring that requires
minimal charging is quite light, making it easy to incorporate wear-
ing a pair of the ring and the wristband into daily routines.
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Figure 9: Examples of ring-sized small sensors for input & motion or healthcare purpose.

Bulky and power-consuming readout board. Currently, our read-
out board, which includes the bridge, VNA, and the external PC,
requires a smartphone-sized NanoVNA. However, the board could
be miniaturized to fit into a smartwatch. NFC, which hardware is
optimized for the coil-based communication [40], could decrease
the total power consumption less than 50 mW [18, 57]. Such a low
power operation of the wristband coil could allow the integration of
our wristband system into the commercially-available smartwatch,
which is typically driven by about 500 mAh-class Lipo battery [12].

Wireless charging while in use. Wearable devices often recharge
naturally when not in use, such as earbuds placed in dedicated
charging cases. However, rings and wristbands are typically worn
continuously, making this more challenging. The integration of
a wearable power transmission system such as charging-enabled
textiles could achieve the continuous power supply to picoRing
mouse in the use [27, 36, 43]. This would ensure that picoRing mouse
remains powered throughout daily activities, enabling to be worn
continuously as a fashion accessory.

Limited user study. In the current study, we primarily focused
on measuring the SNR related to mouse input. Unlike antenna-
based wearable devices operating at higher frequencies (e.g., 2.4
GHz or 920 MHz) which are significantly affected by the human
body’s high dielectric loss, our coil-based system experiences al-
most no electromagnetic interference from a person. This means
the signal-to-noise ratio (SNR) and frequency response remain
largely unchanged whether the device is worn or not by human
hand. One potential user study will be a multi-factorial repeated-
measures ANOVA to assess additional aspects such as ease of use,
social acceptance, and fatigue [4]. These evaluations will provide

further understanding of the picoRing mouse in various real-world
scenarios, helping to refine its design and improve user experience.

Extension of ring functionality. picoRing mouse has the potential
to become a versatile ultra-low-powered wearable platform for a
wide range of applications by integrating various low-powered sen-
sors. For instance, by incorporating IMUs [37, 56] or speaker [51],
picoRing can be transformed into motion sensing rings (see Fig-
ure 9). Additionally, integrating PPG or temperature sensors could
transform it into a healthcare ring. Furthermore, wearing picoRing
mouse on both hands can enable wearable VR/AR interface even
in public spaces, by converting the user’s subtle mouse input to
extended 3D hand dynamic posture [17].

Optimization for further ring’s low-powered operation. We are
utilizing the ultra-low-powered MCU (STM32L011F4U6, STM), and
there is still room for reducing power consumption in both hard-
ware and software aspects. For instance, we can lower the operating
voltage from 1.8V to 1.2V or reduce the MCU’s clock speed. We
would explore these options to increase further battery runtime,
resulting in a decrease of the battery size.

Error handling in frequency-shift keying. The current frequency-
shift keying in our ring-to-wristband communication is so simple,
using different frequencies to send the digital information from the
mouse sensor. This simplicity presents several challenges, such as
security concerns and data integrity issues. Furthermore, the slow
data rate of 10 — 200 bps in the current picoRing mouse allows the
high SNR against electromagnetic noise from nearby devices. How-
ever, the fast communication at 10 — 200 kbps-level such as for IMU
data would make picoRing mouse vulnerable to electromagnetic
noise, causing a significant drop in SNR. To ensure reliable and fast
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ring-to-wristband communication, error handling techniques such
as forward error correction would be commonly available.

7 CONCLUSION

This paper presents picoRing mouse, an ultra-low-power ring-based
finger input device. By combining semi-PIT-based ring-to-wristband
low-powered wireless communication with the low-powered mouse
module, picoRing mouse achieves long-term operation of approxi-
mately 600 (8hrs use/day)-1000 (4hrs use/day) hours, in addition
to supporting reliable, multi-modal, subtle inputs. Our technical
evaluation shows the strong robustness of the ring-to-wristband
wireless link against different users, hand postures, and potential
situations in the field of wearable computing. We strongly believe
picoRing mouse could provide a new class of long-term wearables,
seamlessly interconnecting itself with daily HCI devices.
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