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Introduction

Cartesian wrench capacity, the range of achievable forces and moments that a human, with different parts of his body, can generate in different directions of space, is an important tool for analyzing human physical abilities in various fields such as sport and rehabilitation [START_REF] Rezzoug | Upper-limb isometric force feasible set: Evaluation of joint torque-based models[END_REF]. However, obtaining this information through empirical means is time-consuming and often limited to static conditions. Musculoskeletal models provide an efficient way of calculating Cartesian wrench capacity metrics, such as Cartesian wrench polytopes, enabling real-time applications [START_REF] Skuric | On-line feasible wrench polytope evaluation based on human musculoskeletal models: An iterative convex hull method[END_REF][START_REF] Carmichael | Towards using musculoskeletal models for intelligent control of physically assistive robots[END_REF]. However, when using these metrics on the fly, it is essential to consider the dynamic factors related to gravity and inertia. Therefore in this paper, we propose a new extended formulation of Cartesian wrench capacity polytope based on musculoskeletal models accounting for these motion and gravity related effects.

Methods

The dynamical model of the human musculoskeletal model can be expressed as 

Results and discussion

To demonstrate the influence of dynamical effects, a 3D Cartesian force polytope is calculated for a 50 𝑃 muscle, 7 degrees of freedom, upper limb musculoskeletal model [START_REF] Holzbaur | A model of the upper extremity for simulating musculoskeletal surgery and analyzing neuromuscular control[END_REF], generating forces with its hand. To make these effects more visible the model has been extended to include a mass of 5kg rigidly fixed to its hand. The joint configuration used for the experiments is Figure 2 shows that when considering the effect of the arm's movement in the -axis (red arrow), the 𝑥 polytope is shifted in the same direction. This fact 𝑃 confirms that the arm is capable of generating higher forces in the direction of movement. Average polytope calculation time is around 150ms.

The experiments are implemented in programming language python using biorbd library [START_REF] Michaud | biorbd: A C++, Python and MATLAB library to analyze and simulate the human body biomechanics[END_REF] and the proposed method is available as a part of the open-source python library called pycapacity1 .

Conclusions

In conclusion, this paper presents a new method for calculating human wrench capacity polytopes based on musculoskeletal models that takes into consideration the dynamics of the human body. The method has a potential to be used in real-time applications and could be a useful tool for analyzing human performance online. However, the method relies entirely on the accuracy of the musculoskeletal model used. Therefore, further work is needed to validate the accuracy of the calculated values against real data to ensure the reliability of the method.

  Finally, the new formulation of the Linear Program (LP) used by the ICHM for finding the extreme points (vertices) of the polytope , in the direction of space 𝑃 𝑥 defined by the vector , becomes 𝑐
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 12 Figure 1. Cartesian wrench polytope with (green) and without (gray) the effect of gravityThe influence of the arm's gravity on the polytope 𝑃 can be seen as a vertical shift of the polytope. As shown on Figure1, compared to no gravity polytope, the arm is capable of applying a higher force in the gravity direction and a lower force in the opposite direction, while forces in other directions are not impacted.In the second experiment, the effect of the arm's movement is demonstrated. Joint velocity and 𝑞 ˙𝑜 acceleration are set to ones producing 2 and 𝑞 ¨𝑜 𝑚𝑠 -1

.1 Influence of dynamic on the wrench generation

  The influence of dynamical movements is present in the range of available muscular forces as well 𝑡 ∈ [𝑡
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