Syncloop

Keep your own breathing rhythm
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Syncloop is a smart wearable system that
uses flexible pneumatic feedback to
guide breathing during exercise, helping
users synchronize breath and movement
without breaking focus. Unlike visual or
auditory cues, it offers low-interference
haptic guidance through an integrated
garment design, ensuring lightness,
freedom, and a new mode of body-
technology interaction.
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Traditional exercise breathing systems often rely on explicit visual or auditory
cues. In contrast, implicit interaction technology can sense users’ physiological
signals in real time and adjust tactile feedback dynamically—reducing
cognitive load and enhancing the exercise experience without visual or
auditory distraction.In wearable implicit interaction systems, feedback can be
tactile, visual, or olfactory. Tactile feedback offers direct perception without
relying on sight or sound, making it ideal for dynamic movement. Pneumatic
tactile feedback, being soft, safe, and widely applicable, is an effective
guidance method.
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The breathing problems encountered during running
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We investigated exercisers’ breathing experiences through online questionnaires (n=25)
and interviews. Common issues during running included fatigue, chest pain, breathing
difficulty, and cramps, with 43% related to breathing. Further analysis categorized
breathing discomfort into five types: shortness of breath, hyperventilation, side stitches,
breathing difficulty, and shallow breathing. Rhythm-related issues accounted for 64.2%,
indicating that disrupted breathing rhythm is the main cause of discomfort.
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Coordination between breathing and movement is key to exercise efficiency. In running, common patterns such as “inhale for two steps,
exhale for two steps” help synchronize the diaphragm and core muscles, stabilize the torso, and reduce energy loss. Similarly, in strength
training, the rhythm of “exhaling during exertion and inhaling during recovery” aids in maintaining core stability. A well-regulated
breathing rhythm not only optimizes energy metabolism but also helps athletes stay balanced and focused during sustained activity.
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During exercise, breathing rhythm should align with movement intensity. Sensors monitor real-

time motion, while pneumatic interaction guides users to maintain steady breathing.

The pneumatic modules on the chest and abdomen correspond to the intercostal muscles. Their

expansion gently compresses these areas, prompting intercostal contraction and chest cavity
expansion—signaling the inhalation phase.
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Interaction technology testing &
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In the interactive technology testing
section, a rapid hardware testing model
was first established to determine the
optimal application area for pneumatic
interactive guidance of breathing. The
results of inhalation guidance were
consistent with the subjective evaluations
of the participants, thus confirming that
the optimal application area for
pneumatic interaction is the chest and
abdomen.
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The respiratory monitoring values were
consistent with the supervisor's evaluation

results. The positive effects of each part on

breathing were as follows: chest and
abdomen > wrist > neck

8

x5S

Uninstructed

BiE
Wrist

User comfort rating BB 4% EEES

f AE BB
Chest & abdomen

FER
Neck

18.0

17.5

17.0

16.5

16.0

x5l&

Uninstructed

Breathing Rate #&E IEIRIF=RE

BiE
Wrist

9 BE BB
Chest & abdomen

FNER
Neck

INEB Neck

ki BEER Chest and abdomen
BiZp Wrist




Wearable system design architecture TIZ& R %1524
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The system consists of three
modules: a back-mounted control
center, a front abdominal

pneumatic unit, and an auxiliary
motion sensor. The control center
integrates the main board, valves,
micro pump, and sensors,
functioning as the “brain” and
“heart” to process data and drive
feedback. The abdominal module,
detachable and connected by
flexible tubes, delivers pneumatic
rhythm to guide breathing.
Together, they form a closed-loop
system for real-time motion-
triggered breathing regulation.
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It is applicable for monitoring
and identifying the force
generation status of
movements such as running,
rope skipping, squats, pull-
ups, and push-ups, as well as
the movement of the body's
center of gravity.
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It can be used to monitor and
identify upper limb resistance
training such as lateral raises,
extensions, and push-pulls, as
well as core training where the
upper limbs drive the
movement, such as split jumps.
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It can be used to monitor and
identify aerobic exercises such
as fast walking, jogging, cycling,
as well as anaerobic exercises
like squats and elliptical
machines.




Design and Optimization of Pneumatic Actuation System Szi#iTRFRITSMK
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Firstly, the initial pneumatic actuation hardware was built based on Arduino Uno.
However, due to the excessive volume and weight after stacking, it not only affected
the wearing comfort but also limited the integrated design with the clothing. To solve
this problem, a lightweight modification was carried out using the OpenWear
wearable module kit (which integrates multiple detection components inside). The
integrated system has reduced the volume and weight by approximately 60% and
40% respectively compared to the original version, significantly improving the fit and
wearing comfort.



Pneumatic module design Szit&E#igit+
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Advantages: Durable and flexible
Disadvantages: Complex to process
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Advantages: Breathability, naturally
integrates into wearables
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contraction
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Characteristics: Highly elastic,
temperature-resistant

Advantages: Durable and flexible
Disadvantages: Not breathable
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Characteristics: Matte on one side,
smooth on the other

Advantages: Lightweight, comfortable,
visually appealing

Disadvantages: easy to puncture
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The design part of the pneumatic module first conducted a
research on the airbag materials and initially selected TPU,
latex and silicone for small sample testing.
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In order to match the overall
technological feel of the clothing
and highlight the visual changes
when the airbags expand, based
on Grasshopper, a parametric
wave pattern design was carried
out for the surface of the airbags.
The design was then transferred
onto the TPU airbag surface using
a silver screen printing process.
Not only does it enhance the
three-dimensionality of the airbag,
but it also makes the dynamic
feedback of the inhalation guide
more distinguishable.
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Based on the completion of the functional verification of the pneumatic actuation unit
and the system, it was further integrated into wearable clothing, and the methods of
embedding the pneumatic module, distributed sensors, and control module into the

clothing were explored. Form a call guidance system that is in line with the concept of
implicit interaction.
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Keep your own
breathing rhythm
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Exhalation Mode

The air sac compresses the intercostal
muscles to guide exhalation.
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Inhalation Mode

The air sac contraction restores
intercostals, guiding inhalation.
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Sensor module

The motion unit recognizes
various movements in real time.
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