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Musculoskeletal Modeling of the Scapulohumeral
Rhythm for Optimal Control Simulations 

Description
The human shoulder is one of the most complex joints in the body, providing a
wide range of motion but also being prone to injuries. A key component of
shoulder biomechanics is the scapulohumeral rhythm, the coordinated motion
between the scapula and the humerus. Accurately modeling this rhythm is
crucial for understanding human movement, designing rehabilitation strategies,
and developing advanced human-robot interaction. However, no satisfying
solution exists yet to model the shoulder in multi-body model.

This internship is multidisciplinary and between robotics, biomechanics, and
numerical optimization, leveraging state-of-the-art software developed at Inria.

**Objectives**: The main goal of this internship is to develop a multi-body
musculoskeletal model of the upper limb that accurately reproduces the
scapulohumeral rhythm. The project will be structured around the following
objectives:
* **Model Development**: Build a musculoskeletal model of the shoulder
complex and upper-limbs which includes holonomic constraints to make the
scapula glide on the thorax.
* **Implementation in Pinocchio** [1]: The primary task will be to implement this
model using the Pinocchio software library. This will involve an exploration of its
capabilities for handling holonomic constraints and/or contact dynamics to
enforce the scapulohumeral coupling.
* **Optimal Control Simulation**: Once the model is established, you will use
the Bioptim software [2] to simulate simple, goal-oriented tasks (e.g., reaching
movements) using direct optimal control.
* **Validation**: The simulated scapular trajectories will be compared with
experimental data from the literature, notably data from the Spartacus [3]
project, to validate the model's accuracy of scapulohumeral rhythm.
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## Skills

**Programming**: A strong
background in Python is required,
C++ is an asset, experience with
conda environments too.
**Software**: Experience with the
Linux environment and Git and
Github. Experience with a pull
request on open-source projects
or willing to.
**Biomechanics/Robotics**: Good
understanding of multi-body
dynamics and mechanical
modeling. A background in
biomechanics is a significant plus.
**Mathematics**: Knowledge of
linear algebra. Familiarity with
numerical optimization and
optimal control concepts is highly
desirable.
**Language**: Good oral and
written communication skills in
English are mandatory. French is
a plus
**Autonomy and Motivation**:
The candidate should be
motivated, proactive, and able to
work independently on a
challenging research topic.

General Information
Research Theme : Robotics
and Smart environments
Locality : Talence
Level : Master
Period : 5th January 2026 ->
30th April 2026 (4 months) 

 These are
approximative dates.
Please contact the
training supervisor to
know the precise period.

Deadline to apply : 1st July
2025 (midnight)

Contacts
Training Supervisor : 
Pierre Puchaud /
pierre.puchaud@inria.fr
Team Manager : 
David Daney /
David.Daney@inria.fr

More information
Inria Team : AUCTUS
Inria Center : Centre Inria de

https://www.inria.fr/en
https://www.inria.fr/en/institute/international-relations
mailto:pierre.puchaud@inria.fr
mailto:David.Daney@inria.fr
https://www.inria.fr/equipes/AUCTUS
http://www.inria.fr/centre/bordeaux
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