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Abstract—Smart rings have become pervasive lifestyle gadgets.
By providing an unobtrusive way to measure parameters like
heart rate and blood oxygen saturation, they are frequently used
to derive health-related factors like sleep scores and stress levels.
Many smart rings, however, also contain an integrated three-axis
accelerometer to differentiate between activity and rest periods.
Acceleration data captured from tracking the human finger – if
available at a sufficiently high sampling rate – can also be used
to identify motions and gestures, though. We show this by way
of using finger gestures to control a music player software. Our
approach, called MusicRing, is capable of differentiating between
six finger gestures when using a commodity smart ring, which
is limited to a 4 Hz sampling rate. We will demonstrate how
MusicRing can detect the music control gestures while standard
office activities (e.g., typing on a keyboard or moving a mouse)
are not recognized as control commands. This enables seamless
music control while minimizing interruptions to office work.

Index Terms—smart ring, gesture recognition, key emulation

I. INTRODUCTION

There has been a substantial growth in the time people listen
to music worldwide [1]. While music players and streaming
applications simplify the creation and use of playlists, pausing
playback or advancing to the next song still requires manual
actions, e.g., clicking a corresponding button or using a
multimedia hotkey. When users wear smart rings for purposes
of health monitoring or sleep activity tracking, however, an
unobtrusive user interface is readily available that can be used
to input control commands.

Several smart rings use cases have been presented in related
work, yet almost all of them rely on custom devices that
are not available commercially. In [2], the authors present an
accelerometer-equipped ring which is capable of recognizing
eight basic swiping gestures on a flat surface. Similarly,
[3] presents a custom smart ring design featuring a 9-axis
inertial measurement unit and a proximity sensor which allows
determining the ring’s proximity to other fingers. A set of
nine general gestures was developed to allow interactions with
different smart devices. These gestures can be drawn in-air on
a surface such as a table or the palm. Another custom ring
design capturing acceleration data has been presented in [4] for
interacting with multiple appliances. The authors were able to
distinguish between six different in-air gestures, out of which
two are used for appliance selection and the others are used
for interacting with the selected device. Using another custom-
designed ring, the authors of [4] focused on using a smart ring
to control a computer. Therefore, the number of supported ges-
tures has been increased to 20. The ring acts as a substitute for

keyboard and mouse inputs. To distinguish between undesired
recognized motions and any of the supported gestures, a touch
sensor is part of the ring. However, the practicality of this
addition has not been analyzed in detail. Lastly, assessments
have been performed with regard to how users interact with a
ring, e.g., taking the ring off or rotating the ring on the finger
[5]. Such interactions with a smart ring have, however, been
shown to by very individual, as confirmed by [6], in which the
authors have studied gesture proposals by ring users and found
that only few gestures are intuitively memorable by users.

In contrast to designing custom smart ring hardware, we
show that commercially available smart rings with restricted
capabilities can also be used to capture acceleration data and
recognize gestures. Harnessing the potentials of smart rings,
however, is not as simple as it sounds, since most smart rings
only work in conjunction with a proprietary smartphone app.
Sensor data collected from the ring is then forwarded to the
app only, and uploaded to a Cloud service from there. This
fully integrated data flow makes it hard, or even impossible,
to access collected sensor data. In this demonstration, we
will show how this limitation can be overcome by presenting
the real-world implementation of a smart ring-based gesture
recognition framework that can control a music player appli-
cation using a commercially available smart ring.

II. SYSTEM DESIGN

A range of smart rings have have become available in
the last years, ranging from low budget devices to premium
products like the Oura Ring or Circular Ring. All models
offer health, activity, and sleep tracking with varying levels
of additional analysis options (such as “cumulative stress”).
Rather than designing own hardware, we have thus opted to
survey the market for smart ring models that permit a direct
data access, and develop a software stack to retrieve these data
in real-time and extract gestures from the acceleration data.

A. Smart Ring Selection

By means of studying their datasheets with respect to the
possibility for direct data access, and searches on GitHub
(using the search query “smart ring” across all repositories),
one particular series of ring models was found to provide
real-time data access, and allow for firmware customization,
namely the Colmi smart ring models R02, R06, and R101.

1See https://www.colmi.com/smart-ring/ for details.
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Fig. 1. Data structure for readings of acceleration sensor transmitted via Bluetooth (incl. sample values).

TABLE I
BLUETOOTH COMMANDS FOR OBTAINING SENSOR DATA.

Purpose Command

Start 0xA104 0400 0000 0000 0000 0000 0000 00A9
Stop 0xA102 0000 0000 0000 0000 0000 0000 00A3

B. Smart Ring Interfacing

Smart rings of these types transmit and receive any message
via a Bluetooth serial connection, following the format shown
in Fig. 1. The first byte represents the command type. It
is followed by an indicator byte (dType) that defines the
interpretation of the following 13-byte long payload. The last
byte (cksum) realizes a simple error detection mechanism and
is populated with the sum of all prior bytes. Raw acceleration
data is identified by the dType value 0x03, followed by six
bytes that carry the current measurement in two’s complement
format; the remaining seven bytes remain unused. The built-
in accelerometer captures data at 12 bits resolution and covers
a value range of ±4g. In order to translate between the two
bytes of each axis in the Bluetooth frame to the equivalent
acceleration levels, the concatenation of both bytes (resulting
in values from −2048 to 2047) needs to be divided by 512.
The smallest acceleration change that can be detected using
the ring is thus 0.002g (≈ 0.019 16m/s2).

To obtain sensor readings, streaming the data has to be
started and stopped by sending the respective commands
shown in Table I to the ring. Until manually stopped, the de-
vice transmits sensor readings with a firmware-configured fre-
quency, the manufacturer-defined default being 2 Hz. Through
firmware patches2, we were able to increase this frequency
to up to 4 Hz. Higher sampling rates resulted in instant
disconnections of the Bluetooth link. We thus leave it to future
work to investigate whether further optimizations are possible.

C. Supported Gestures

In light of the comparably low sampling rate, we selected
six gestures that are simple to differentiate based on accel-
eration data alone. In accordance with the results in [6], we
differentiate between four swiping movements on a flat surface
and two vertical in-air gestures. These gestures are visualized
in Fig. 2. The smart ring is worn on the index finger in our
experiments, but could also be moved to any other finger (on
either hand) except for the thumb.

D. Recognition

To distinguish the six gestures, our solution assumes a stan-
dard hand position: The index finger is oriented horizontally,

2Based on the code at https://github.com/atc1441/ATC RF03 Ring

e.g., such as when typing on a keyboard or using a mouse
or trackpad. Currently, the system is susceptible to changes
in the ring’s orientation (e.g. due to rotation), which can be
addressed in future work.

To be recognizable, each gesture has to be executed within
a time frame of 2 seconds duration (i.e., ≤ 8 sample points).
To detect gestures, we extract the following features from a
given time frame, inspired by [3]:

• Mean, variance, and standard deviation in all 3 directions
(3 features per axis) as well as the total three-dimensional
vector magnitude (1 feature)

• Piecewise correlation for all axis-pair combinations (3
features per combination)

• Dominant frequency and total spectral magnitude (2
features per axis)

• Temporal relation between minimum and maximum val-
ues along each axis (1 feature per axis)

The normalized features are then used as inputs to a Support
Vector Machine with linear kernel which acts as classifier
between the aforementioned gestures and an idle state (where
no or only little motion is present, indicating that the user is not
gesturing). A sample trace of three-axis acceleration samples
for each gesture is shown in Fig. 3. As horizontal swiping
motions on a surface (i.e., swipes along to x-axis or y-axis)
show quite similar patterns, and we cannot confidently capture
minimum and maximum values due to the low sampling rate,
we included a relationship between occurrences of minima and
maxima as well as the piecewise correlation based on three
one-second time windows which overlap for 500 ms each.

III. MUSICRING: USING A SMART RING FOR MUSIC
PLAYBACK CONTROL

We demonstrate the usability of gesture detection on smart
rings (as introduced in Section II-D) with a practical use case:
Using the ring for controlling music in a office setting. More
specifically, we wish to enable people working at a computer
(i.e. ineracting with keyboard and trackpad) to perform com-
monly used operations to control the music playback. Required
functions include switching to the next and previously played
titles and adjusting the volume. Further, users should be able
to play and pause the music at any time. Using the gestures
defined in Section II-C we map each motion to a corresponding
control option. Swiping left or right resembles switching
between played titles, while swiping up and down controls
the volume. In-air gestures are responsible for play and pause.
The full mapping of gestures to functions is shown in Table II.
The connection to the smart ring is established and maintained
using the Python bleak library3. After emitting the command

3Cf. https://github.com/hbldh/bleak



(a) Gestures along the y-z-axis. (b) Gestures along the x-axis.

Fig. 2. Axis orientations for the gesture recognition of our MusicRing system.

accX accY accZ

0 250 500 750 1000 1250 1500 1750
Time (ms)

−0.50

−0.25

0.00

0.25

0.50

0.75

1.00

1.25

1.50

A
cc

el
er

at
io

n
(g

)

accX accY accZ

(a) Swipe left gesture.
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(b) Swipe right gesture.
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(c) Swipe front gesture.
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(d) Swipe back gesture.
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(e) In-air up gesture.
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(f) In-air down gesture.

Fig. 3. Acceleration data for all supported gestures, also showing how ring
and finger rotation leads to a slight misalignment of the axes.

(cf. Table I) to retrieve acceleration data at the pre-defined
sampling rate of 4 Hz, incoming samples are automatically
processed and numeric acceleration values for all three axes
extracted. Whenever new data have arrived, a sliding window
covering the previous eight samples (i.e., 2 s duration) is being
used for analysis. If one of the supported gestures is found in
the input time frame, we emulate the corresponding function
key using the pynput library4.

IV. PRACTICAL SETUP AND TECHNICAL REQUIREMENTS

We will demonstrate MusicRing, i.e., the capabilities of the
smart ring’s acceleration data collection for gesture recognition
and application control. To this end, we will run a music player

4Cf. https://pynput.readthedocs.io/en/latest/

TABLE II
MAPPING BETWEEN GESTURES AND MUSIC CONTROL COMMANDS.

Gesture Axis (cf. Fig. 2) Music Control Command

Swipe Front / Back y Volume Up / Down
Swipe Left / Right z Next / Previous Title
In-air Up / Down x Play / Pause

and the script to poll and process data from the smart ring on
a laptop computer. We will bring smart rings in several sizes,
allowing participants to try the gesture recognition themselves.
To present the demo, we need a flat surface, e.g. a table,
for resting people’s hands prior to experimentation (for offset
removal, cf. Section II-D). After this initial calibration, par-
ticipants can use the laptop’s keyboard to type a text without
triggering any commands, while the supported gestures for
music playback control are simultaneously recognized.

V. CONCLUSIONS

We present MusicRing, a smart ring-based gesture recog-
nition system for music playback control in work environ-
ments, in this demonstration. Attendees will be able to wear
commercially available smart rings and experience the use of
smart ring-based gesture recognition themselves. MusicRing
can currently detect up to six individual gestures, which –
when coupled with keystroke emulation – can be used to
change music tracks at a lower overhead to users than clicking
on the music playing application’s control buttons. The system
is lightweight and operates locally, thus it inherently caters to
user privacy. Since we could show that gesture recognition is
possible even when using low sampling rates, corresponding
functionality can likely be implemented on other commercially
available smart rings as well, broadening their use in pervasive
computing.
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