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MOTI VAT I O N

Why continuous Electrocardiogram (ECG)?

ECG waveform

P

QRS
T

P - QRS - T shape is what clinicians need to diagnose heart diseases such as atrial 
fibrillation and flutter
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MOTI VAT I O N

Why continuous Electrocardiogram (ECG)?

hours to days →

Clinic ECG: a short snapshot Missed intermittent arrhythmia
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E X I ST I N G  M E T HO D S

Current ECG wearables

Smartwatches

Touch the crown with the 
other hand

Snapshots,
not continuous

Adhesive and gel bond 
electrodes to skin

Adhesive patches

Skin irritation,
needs replacing

Chest straps

Tension presses electrodes 
onto the chest

Not suited to
everyday wear

Images: Apple · iRhythm Technologies via dicardiology.com · Polar Electro
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O U R  G OA L

What about a regular loose T-shirt?

Smartwatches Adhesive patches Chest straps

Regular loose T-shirt

Continuous, suitable for 
everyday wear

Images: Gildan via michaels.com
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T HE  P R O B L E M

Three kinds of motion

perpendicular macro-motion

Contact breaks: the signal 
drops out

1 · Lift-off 2 · Shear
lateral macro-motion

Drag across skin: sharp motion 
artifacts

3 · Micro-shifts
breathing, posture-change 
micro-motion

Changing pressure: the 
baseline wanders
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O U R  A P P R OAC H

Decouple the sensor from the shirt’s motion
MOTION HOW WE DECOUPLE IT

3 · Micro-shifts

1 · Lift-off

2 · Shear

PHYSICAL

Gravity + suction seal

MECHANICAL

Kirigami pattern

COMPUTATIONAL

Hybrid electrode + adaptive filtering
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gravity

DE S I G N  1  ·  P H YS I CA L

Gravity and a suction seal hold the electrode

Electrode

Shirt

Skin

air outair out

1 · Gravity
Shirt weight flattens it and 
pushes air out

2 · Suction seal
Skin moisture seals the 
edges like a suction cup

No adhesive and gel needed
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DE S I G N  2  ·  ME C HA N I CA L

Kirigami pattern absorbs shear force

At rest

two rings of slits around the electrode

Fabric pulls the outer edge

slits open, outer edge moves,
center stays put
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DE S I G N  3  ·  CO MP U TATI O N A L

Handling micro-motion

Heart + motion noise motion signal motion removed

- =
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DE S I G N  3  ·  CO MP U TATI O N A L

One electrode, two signals

■ biopotential (exposed)    ■ capacitive (insulated)

ECG · heart + motion noise

Capacitive · motion only

↓ adaptive filter subtracts motion ↓

Recovered ECG · motion removed
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P ROTOT Y P E

Integrated on a large size T-shirt

Looks like a regular loose T-shirt (size L, cotton)

Image: Gildan via michaels.com
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Electrode Electrode

Bias Hybrid electrode

Kirigami pattern

P ROTOT Y P E

Integrated on a large size T-shirt

Two sensing electrodes 18 cm apart, 
bias in the middle

7 × 7 cm flexible PCB in a 9.5 cm 
kirigami pattern on spandex
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Cables to electrodes

OpenBCI board (DAQ)

P ROTOT Y P E

Integrated on a large size T-shirt

Back: an OpenBCI board streams both channels wirelessly at 250 Hz
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Sitting Using device 
(sitting)

Chatting 
(standing)

Walking Jogging

R E S U LTS

Pilot Study

Protocol · 2 min each

Compared beat by beat against Lead I from wet Ag/AgCl electrodes on the forearms

4.83 / 5 comfort, convenience, ease of use
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R E S U LTS

Pilot Study

■ R-peak ■ Full waveform (PQRST)

in motion98.2 92.7 93.0 87.1
97.0

84.3 84.5

65.9 71.7
64.5

Sitting Using device 
(sitting)

Chatting 
(standing)

Walking Jogging

% of heartbeats matched to the wet-electrode ground truth

Drops as motion increases
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DI S C U SS I O N

One shirt size doesn’t fit every body

Too loose lower BMI

Light contact pressure
at rest, weaker contact

Just right designed fit

Kirigami is free to deform
the shirt moves and the 
electrode stays

Too tight higher BMI

Layers pressed together
in motion, friction locks 
the kirigami and the shirt 
drags the electrode
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FU T U R E  WO R K

What we’ll try next

1 Multiple shirt sizes 2 Low-friction linings

3 Multi-electrode clusters 4 Wider BMI study
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TA K E AWAY

Motion decoupling is the key

Gravity holds Kirigami absorbs Filtering subtracts

84.5% of heartbeats while walking · no glue or gel · 4.83 / 5 comfort

Thank you · Questions?
colman.leung@columbia.edu · colmanleung.com
On the job market · Industry research scientist roles · from summer 2027
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