
A. Experimental Setup

• 8 Trigno® Avanti sEMG sensors (Delsys Inc.), streaming data at 2148 Hz.

• Two sensors were placed on the extensor and flexor muscles of each leg: 
Rectus Femoris, Vastus Lateralis, Biceps Femoris, and Semitendinosus

• Signal Processing involved amplification and rectification, a Low-Pass Filter at 
1Hz cut-off frequency, and subsampling at 50 Hz, handled by a C# application.

• An Incremental Ridge Regression method was employed for real-time control, 
trained initially on the subject’s signals. Range: 0 (rest) to 1 (MVC)

                         [4,5,6]

B. Control Strategies

Impedance Controller (dynamic 𝑘𝑃 , 𝑘𝐷 = 0.3) + Custom Mid-Level-Control:

• Gaussian-Based Stiffness Calculation

• µ motion range midpoint, shifting peak via 𝒙𝒊𝒏𝒇𝒍𝒆𝒄𝒕𝒊𝒐𝒏

• σ determines the spread of the Gaussian

μ =
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• Scaling Factor & EMG Control signal Influence

• 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑙𝑜𝑝𝑒  shapes the gradient from µ. High values cause sharper 

stiffness decay (or increase), providing a steeper gradient.

• 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝐸𝑀𝐺  linear scaling

𝑘𝑃,𝑠𝑐𝑎𝑙𝑒 = 𝑘𝑃 𝜃
𝜃

𝜇

𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑙𝑜𝑝𝑒

𝑘𝑃,𝑓𝑖𝑛𝑎𝑙 = 𝑘𝑃,𝑠𝑐𝑎𝑙𝑒𝑑 × 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝐸𝑀𝐺

• Ramping Logic & Boundary Conditions

• Limit the rate of stiffness change between consecutive calculations to 
ensure smooth transitions and prevent abrupt changes in stiffness.

• Clamp values to non-negative values

Δ𝑘𝑃,𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 = 𝑘𝑃,𝑝𝑟𝑒𝑣 + 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑚𝑎𝑥

Δ𝑘𝑃,𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 = 𝑘𝑃,𝑝𝑟𝑒𝑣 − 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒𝑚𝑎𝑥

𝑘𝑃,𝑓𝑖𝑛𝑎𝑙 = max 0, 𝑘𝑃,𝑓𝑖𝑛𝑎𝑙

Impedance-Controlled Knee Orthosis:
Transitional Movements and their Effect on Knee 

Kinematics and Muscular Activity
Marc-Anton Scheidl1, Hannah Braun1, İsmail Berkay Akarsu1, Claudio Castellini1,2

Motivation

Methods

Results

Discussion & Conclusion

• Low-Cost Rehabilitation: Integrating existing 
rehabilitation equipment, which is CE-certified, with 
off-the-shelf parts to provide active devices

• Personalized User Interaction: Fine-Tuning support to 
patients’ needs in different clinical settings and 
adapting the assistance over time. 

• Proportional Control: Exploring direct control in lower 
limb exoskeletons to enable more intuitive interaction 
and shorter learning curves for users.

                 [1,2,3]
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C. Experimental Protocol

• 4 Able-bodied Participants

• Each participant completed five repetitions of Sit-To-Stand and Step-Up Tasks 
under five different conditions:

Without Orthosis, Orthosis Off, Orthosis ON (𝑘𝑃=40,60,80)

                         

A. Overall ARV Reduction:

• Evaluation of the normalized muscle activity across all participant during the full 
Sit-To-Stand, suggests a significantly decreased muscle activity in the extensor 
muscles of the assisted leg (right).

• Compared to the non-assisted leg (left), the ARVs are reduced slightly (≈ 10%),
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• Reduced muscle activity with approximately 37% torque offloading, providing 
augmentation rather than full compensation of user effort.

• Stable tasks, like Sit-to-Stand, showed limited benefits, while unstable tasks, 
such as Step-Up, responded more clearly to the assistance.

• The study’s exploratory design highlighted the need for better control 
strategies, hardware adjustments, and user-specific tuning for broader clinical 
applications.
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B. Up- vs. Down-Phase

• During the Up-Phase of Sit-to-
Stand, the velocity reduction was 
less consistent (around 9–13%). 
Yet, the average rectified values 
(ARVs) increased by up to 13% 
under orthosis assistance, while 
the Down-Phase ARVs remained 
closer to baseline. Statistical tests 
confirmed that the velocity and 
ARV differences in the Up-Phase 
were significant when comparing 
idle conditions to higher stiffness 
gains. In contrast, the ARV changes 
in the Down-Phase were not 
statistically significant.

• For the Step-Up activity, orthosis 
assistance increased Up-Phase 
velocity by up to 25% and 
decreased Down-Phase velocity by 
up to 26%, with the descending 
movement showing more 
significant changes. In the Step-Up, 
ARV medians in the Up-Phase 
were slightly higher than baseline, 
while the Down-Phase consistently 
showed lower ARVs, highlighting 
the distinct impact of orthosis 
stiffness on ascending versus 
descending movements.

[7]


	Slide 1

