
A Dedicated Solver 
For Fast Operational‐Space Inverse Dynamics

Nicolas Mansard – nmansard@laas.fr

Time ScoresObjectives

References and Acknowledgments

Robot Motions

Hierarchical QP Solver

Ill‐conditioned Dynamics

Contact

COM

Right Hand

Gaze

Stack of Tasks

ሷݍ
߬
ሺ݂ሻ

Task accelerations
Reference forces

Contacts

Model

robot simulator

0

2

4

6

8

10

12

0 2 4 6 8 10

C
om

pu
ta

tio
n 

tim
e 

(m
s)

Control time (secs)

solver RED
solver HQP
solver PINV

0

5

10

15

20

25

0 2 4 6 8 10 12 14

C
om

pu
ta

tio
n 

tim
e 

(m
s)

Control time (secs)

solver RED
solver HQP
solver PINV

 Yoga movement “Standing Lotus”

 Waist movement with fixed hand

 Novela festival: “Dance with HRP2”

min || w ||2
x,w

subject to A x  b+w
A x  b+w

 At each level of the hierarchy:

 Implementation for inverse dynamics
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f  > 0

ሷ݁1 + 1 = J1 V u

ሷ݁N + N = JN V u
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u: motion
: actuation


