
Control design for a soft exoskeleton in simulation and 

identification of  the role of  different sensor modalities

Réka Kiss1, Áron Boldizsár Köves2, Dávid László Pelyva3, Benedek József Tasi4, 

Sándor Földi5, György Cserey6, Miklós Koller7

Pázmány Péter Catholic University, Faculty of  Information Technology and Bionics, Budapest, Hungary
1kiss.reka.3@hallgato.ppke.hu, 2koves.aron.boldizsar@hallgato.ppke.hu, 3pelyva.david.laszlo@itk.ppke.hu, 
4tasi.benedek.jozsef@itk.ppke.hu, 5foldi.sandor@itk.ppke.hu, 6cserey.gyorgy@itk.ppke.hu, 7koller.miklos@itk.ppke.hu

References

[1] McFarland, D. C., McCain, E. M., Poppo, M. N., and Saul, K. R. (2019). "Spatial Dependency of Glenohumeral Joint Stability

During Dynamic Unimanual and Bimanual Pushing and Pulling." ASME. J Biomech Eng. May 2019; 141(5): 051006.

https://doi.org/10.1115/1.4043035

[2] Katherine R. Saul, Xiao Hu, Craig M. Goehler, Meghan E. Vidt, Melissa Daly, Anca Velisar & Wendy M. Murray (2015)

Benchmarking of dynamic simulation predictions in two software platforms using an upper limb musculoskeletal model,

Computer Methods in Biomechanics and Biomedical Engineering, 18:13, 1445-1458, DOI: 10.1080/10255842.2014.916698

[3] Millard, M., Uchida, T., Seth, A., and Delp, S. L. (February 7, 2013). "Flexing Computational Muscle: Modeling and Simulation

of Musculotendon Dynamics." ASME. J Biomech Eng. February 2013; 135(2): 021005. https://doi.org/10.1115/1.4023390

Acknowledgments

Project no. TKP2021-NKTA-66 has been implemented with the support provided by the Ministry of Technology and Industry of

Hungary from the National Research, Development and Innovation Fund, financed under the TKP2021-NKTA funding scheme.

Project description

• Help people living with athetosis in their daily activities and improve their chance of labor-

market integration.

• Collaboration with a special primary school using conductive pedagogy in the habilitation of

affected students.

• Soft exoskeleton development that can aid its users’ movements and attenuate their involuntary

movements.

• Simulations can aid the development of a control algorithm for the exoskeleton and help to

understand the biomechanical background.

Measurements

• On two healthy subjects.

• Repeated movements on a given trajectory and 

simulated tremors.

• Three modalities

o Vision-based measurement: 

Intel RealSense d435i + Nuitrack v0.35.13

o Inertial sensor: 

3 x 9 DoF MPU9250 IMU

o Muscle activity sEMG: 

Thalamic Labs Myo Armband

Results

• While the vision-based skeletonizer often smoothed out low-amplitude tremors in the spatiotemporal

trajectory, the IMUs recorded them clearly.

• Although the direct measurement of muscles (sEMG) allows earlier detection of movement initiation,

the use of IMU data helps provide a more robust and accurate measurement of displacement.

• Data were imported into OpenSim v4.3 and paired to an existing arm model (MoBL-ARMS, 7DoF,

McFarland et al.[1] after Saul et al.[2] with Millard et al.[3]). In the case of sEMG data, we defined

additional external constraints in order to examine the possible effects of our developed exoskeleton.

Although the autonomy of the dynamical system ceased due to the outer effect (muscles' reactions

unknown), to a certain degree, we could still accept the simulated modified limb movements.
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