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Motivation for Motion Capture “In-The-Wild”
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State-of-the-art Motion Capture Technologies
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Loop-Based Textile Kinematics Sensors Developed in our Group

Advantages

/ Tx ESRL
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Injury Safe ESRL: Electrically Small Resonant Loop (ESRL)

Flexion
angle, 6,

V. Mishra and A. Kiourti, “Wrap-Around Wearable Coils for Seamless Monitoring of Joint Flexion,” IEEE Transactions on Biomedical
Engineering, vol. 66, no. 10, pp. 2753-2760, Oct. 2019

V. Mishra and A. Kiourti, “Wearable Electrically Small Loop Antennas for Monitoring Joint Flexion and Rotation,” IEEE Transactions
on Antennas and Propagation, vol. 68, no. 1, pp. 134-141, Jan. 2020
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* Operating Principle of E-Textile Kinematics Sensors
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Operating Principle of E-Textile Kinematic Sensors
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Rotatable Styrofoam leg with loops on stretchy fit sleeve
ArUco markers & computer vision for “gold standard” joint angle measurements
Network analyzer for |S,,| readings
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‘;.,:, — Measuring Data COI I eCtion
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* Measuring the Fabric Drift Error

11
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ElectroScience Laboratory

Fabric Drift Error: Measurement Observations

|S21] VS Flexion Angle

-40 =35 =30 =25
S21 (dB)

S,,| VS Angle WITHOUT
considering sleeve stretches

Predictable
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Fabric Drift Error: Model Analysis

Fabric stretches unevenly with joint flexion, causing the loops’
relative position to change over time.

How can we calibrate out this error? 13
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* Correcting the Fabric Drift Error

14
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STEP 1: Initial Condition Calibration

=== Init |[S21|=-35.1dB (Generated)
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Collect |S,,| VS Angle w/o Generate |S,,| VS Angle curves w/o

considering sleeve stretches 2>
convert into logarithmic equation

considering sleeve stretches based on
their |S,,| value @ 0° (initial condition)

y=a-logiopx+b-x+d

15
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STEP 2: Machine Learning Aided Calibration
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Using trained network to get calibrated |[S,;| VS Flexion
W Angle curve at a specific initial condition (-36dB @ 0°).
Error after calibration < 0.3°

o Input = |S,,| VS Flexion Angle w/o sleeve
Test loss after 300 epochs Predicted = |S,,| VS Flexion Angle w/ sleeve

(2000 data samples), Ir=0.005
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e Conclusion and Future Work
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« Conclusion

— Fabric drift can be detrimental in the operation of loop-
based textile kinematics sensors

— Proposed 2-step methodology can calibrate out this error
— Preliminary results show errors below 0.5°

e Future Work

— Adapt to dynamic motion measurements (i.e., joint flexing
during sensor sampling)

— Improve accuracy

18
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Thank you!

Questions?

Yuxuan Han, Vigyanshu Mishra, and Asimina Kiourti
han.1454@osu.edu, mishra.186@osu.edu, kiourti.1@osu.edu
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