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Convex QP is a core modelling tool of robotics:

● Friction-less unilateral contact modelling

● Constrained forward dynamics

● Inverse kinematics and dynamics

● Legged locomotion

● Constrained optimal control
● …

Convex Quadratic Program (QP)
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Current QP solvers have trouble being on the same time accurate, fast and numerically 
robust.



Augmented Lagrangian Methods
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The Augmented Lagrangian

Smoothed and shifted penalization Magnus Hestenes Michael J.D. Powell
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The Augmented Lagrangian

Method of Multipliers

Magnus Hestenes Michael J.D. Powell



RSS’22 - ProxQP: Yet another Quadratic Programming Solver for Robotics and beyond - Antoine Bambade 2/5

The Proximal Augmented 
Lagrangian

The Augmented Lagrangian

Method of Multipliers Proximal Method of 
Multipliers

Augmented Lagrangian Methods

R. Tyrrell Rockafellar

Proximal term
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First contribution:
the Proximal Primal Dual 
Augmented Lagrangian 

The Augmented Lagrangian The Proximal Augmented 
Lagrangian

Method of Multipliers Proximal Method of 
Multipliers

Augmented Lagrangian Methods

More robust and accurate
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The Augmented Lagrangian The Proximal Augmented 
Lagrangian

Method of Multipliers Proximal Method of 
Multipliers

First step of ProxQP

Augmented Lagrangian Methods
First contribution:
the Proximal Primal Dual 
Augmented Lagrangian 



ProxQP algorithm
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Bound Constrained 
Augmented Lagrangian (BCL)  = 
globalization strategy 

Second contribution:
mixing our new merit 
function with BCL 



ProxQP solver implementation

● Fast: C++ implementation, using Eigen for efficient linear algebra
● Scalable: unique solver with 3 specialized backends (dense, 

sparse and very large matrices)
● Easy to use: API close to OSQP, with python bindings
● Open-source: BSD license 

https://github.com/Simple-Robotics/proxsuite
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Benchmarks
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Solving times for controlling the center of mass of TALOS 
using Pinocchio library
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Performance profiles for very hard QPs from the optimization community (the higher the better)
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Solving times for equality and inequality constrained QPs with 15% of sparsity
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Solving times for standard QPs from the optimization community (the lower the better)

Dense problems



● New Augmented Lagrangian Algorithm
○ new merit function
○ globalization strategy

● ProxQP = fast, robust, accurate and open source 
solver 

https://github.com/Simple-Robotics/proxsuite
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