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Biomechanics of Human Motion
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Biomechanical Analysis & Musculoskeletal Modeling (BAMM) Lab  http://bammlab.okstate.edu/


http://bammlab.okstate.edu/

Sensors and Data Analysis

Electromyography (EMG)

Inertial Sensors

Reference coordinate system
(thigh segment)

Local coordinate system
(shank segment)




Sensors and Data Analysis

Electromyography (EMG) Inertial Sensors
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Augmented Biomechanics: Sports

Goalkeeper Biomechanics Extraction from Inertial Sensors in Gloves
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{Data analysis for a reaching position

Displacement (m)

Velocity (m/s)

—0.02

Acceleration (m/s?)

0.30 ~
0.25
0.2
0.15 -
0.1+
0.05
0

0

1
0.8 |
0.6 -
0.4
0.2 +

0

0.8 1

T T
02 04 06

Time (s)

0.4 0.6 0.8 1
Time (s)

N=O=MNWwR~LO®
|

|
= w
L1




Augmented Biomechanics: Sports 2m aspin?

( tee e 13- LJALP LAY

Mittelstand

Goalkeeper Biomechanics Extraction from Inertial Sensors in Gloves Technischeochschule <y

Ingolstadt

PrOjeCt: u AUDI
PERSEUS * xj INGOLSTADT

.o o ’ o o
How many sensors can reconstruct a dive? Learning goalkeeper’s kinematics
Mr. average joint angle error  average positional hands legs head pelvis
/’\ IMUs (deqg) error (m)
® @ ] )
,;:ffi,,r - 7 . v 5] 13.56874(+/- 10.231) 0.1273(+/-0.102) X X % X
o ¥ 6 by i o 6 s 5 14.3749 (+/- 10.586) 0.1284 (+/- 0.108) « X .
6 6 : 6 : 4 16.1093 (+/- 12.062) 0.1504 (+/- 0.116) . < | «
® © & @
4 25.2287 (+/- 16.688) 0.1651 (+/-0.123) X X X
T [ #: sMPLpose (135) |
(150) [ Ha, acceleration (15) | 3 16.3689 (+/- 12.489) 0.1490 (+/-0.118)
- . Dropout x ®
orientation (45) 0.2 Dense
acceleration (15) (512) X 3
Dense SDfrP\us_ | o1 SMPL pose (135) | 3 26.5287(+/- 16.919) 0.1717 (+/-0.127) X X
(150) | @a, acceleration (15) |

Pohl, S., Becher, A., Grauschopf, T., & Axenie, C. (2019). Neural Network 3D Body Pose Tracking and Prediction for Motion-to-Photon Latency Compensation in
Distributed Virtual Reality. In International Conference on Artificial Neural Networks (pp. 429-442). Springer, Cham.



Augmented Biomechanics: Medicine

Chemotherapy-induced Neuropathy Biomechanics Deficit Extraction
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Sanchez-DelaCruz, E., Weber, R., Biswal, R. R., Mejia, J., Hernandez-Chan, G., & Gomez-Pozos, H. (2019). Gait biomarkers classification by combining

assembled algorithms and deep learning: results of a local study. Computational and mathematical methods in medicine, 2019.
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Pohl, S., Becher, A., Grauschopf, T., & Axenie, C. (2019). Neural Network 3D Body Pose Tracking and Prediction for Motion-to-Photon Latency Compensation in
Distributed Virtual Reality. In International Conference on Artificial Neural Networks (pp. 429-442). Springer, Cham.
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Axenie, C.; Becher, A.; Kurz, D.; and Grauschopf, T., Meta-Learning for Avatar Kinematics Reconstruction in Virtual Reality Rehabilitation In 2019 IEEE 19th International Conference on
Bioinformatics and Bioengineering (BIBE), pages 617-624, Oct 2019. 2020.

Axenie, C., Kurz, D. (2020). Role of Kinematics Assessment and Multimodal Sensorimotor Training for Motion Deficits in Breast Cancer Chemotherapy-Induced Polyneuropathy: A Perspective on
Virtual Reality Avatars. Frontiers in Oncology, 10, 1419.



Conclusions

Biomechanics is an ,open field" for innovation where Sensors and Data
Analysis can:

e provide insights into individuals’ motion profile
« complement and augment traditional assessment
« support performance improvement in sports

« support personalized therapy in rehabilitation
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