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Physics-based simulations of locomotion
Our transition to HPC

B. Van Den Bosch, PhD student
Neuromechanics Lab, Department of Movement Sciences



Our dream: personalized computational models to

predict intervention effects on movement
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We aim at developing predictive simulations of motion
for personalized optimization of human movement

* Model-based optimal treatment or training design is challenging due to

the difficulty to capture the the high computational cost of

complexity and inter-subject numerical methods that account
variability of the neuro- for the complexity of the neuro-
musculoskeletal system in a model musculoskeletal system.
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The neuro-musculoskeletal model describes the
relation between neural commands and movement

Nonlinear Optimal Control Problem
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4  Zajac 1989, Seth et al. 2018, Falisse et al. 2019, Falisse et al. 2022, D’Hondt et al. 2024
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PredSim: A Framework for Rapid Predictive
Simulations of Locomotion

GitHub
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Our models and simulations capture main features of
healthy walking
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Experimental (mean + 2 SD) ====== 3D model (PredSim)

speed x 0.5

Simulation
time

2D human 1-2 minutes
3D human 33 94 75 minutes

Model by D’Hondt, De Groote, and Afschrift (2023 preprint) User Testimonial - BVDB | KU LEUVEN




Growing number of sumulations and complexity of the
models increase the need for computing resources

Histogram of PredSim simulation duration
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Local hardware™ has advantages, but also limitations

The PROS The CONS

e Familiar (runs Windows) « Overcrowding
« Easy deployement
* Quick onboarding

 Limited computation resources

« Unreliable (automatic restarts,
* Direct access updates, power interruptions)

« Expensive (upfront cost)

*Intel core 19-10980XE 3.00 GHz (up to 4.6
GHz), 256GB DDR4 2666MHz ECC RAM
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We had no experience with HPC or Linux: HPC-team
to the rescue!

: Meeting with Steven doing his Validate HPC
First contact :
the team magic output

April 4, 2025 April 24, 2025 July - August, 2025 August, 2025

Frequent Multiple

cases

Validated
implementation

September 3, 2025

hpcinfo@kul Explain
euven.be software

List necessary
resources

List
dependencies

9  PR198: https://github.com/KULeuvenNeuromechanics/PredSim/pull/198 User Testimonial - BVDB KU LEUVEN




Local machine vs. VSC Genius (example)

Local machine (4x6 matlab-cluster)

______o5mis ____1.33mis

terations 2146 e Mo
Cost | EESHNNN 300,02 788,30

total time 43686,04 33330,93 21574,61

Genius (1 node, 18 ntask per node)

_ Jos5ms  133mis  J22mls
Iterations _ 1673 1323
Cost 29445 w987 78809
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A glimpse into the future

« Sensitivity analyses

* More in parallel > faster complete results

 More complex models
» More degrees of freedom (e.g. trunk)
« More (complex) muscles
« Complex motor control (e.g. force-dependend muscle feedback)
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Pl Neuromechanics Lab Run PredSim yourself

/ \r‘h\,,"

~ SR
F. De Groote
friedl.degroote@kuleuven.be

PredSim contributors

Lars D’Hondt, Dhruv Gupta, Bram Van Den Bosch, Miriam Febrer-Nafria, Tom Buurke, Steven
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