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1) Control of Robots with Flexible Joints

2) Multi-task compliance control

3) Extension to legged robots

4) Summary

Overview
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Robot Model with Torque Sensors

System properties
• underactuated
• flat model output:
• passive w.r.t.           and
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Robot Dynamics

Compliance Control (rigid body case)

Task Space Control Goal (Compliance)
• Desired configuration

• Stiffness

• Damping



Inverse dynamics based control Compliance control

1. No inertia shaping No
feedback of external forces!

2. No cancellation of Coriolis 
terms
 Passivity!
 Physical interaction

1. Exact dynamical decoupling

2. Requires external forces

3. No passive feedback

Robot Dynamics

Compliance Control (rigid body case)
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Compliance control of elastic robots: basic idea
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Consider a single elastic joint:

Ideally:            and

Proportional feedback of the joint torque  Reduction of the motor inertia

Physical interpretation of torque control! 
 Allows for a passivity based analysis

0B K
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Inner loop control

Outer loop control for Cartesian compliance:

Outer loop control:

compliance
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Generalization to multi-body model
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Inner loop control

Outer loop control for Cartesian compliance:
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Outer loop control for Cartesian compliance:
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 Allows to fulfill requirements on the link side accuracy!
 Computation of by contraction analysis!)(q
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Passivity Based Control of Elastic Robots
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Applications (2003~2005)
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Two-Armed Manipulation
Generalization of the Single Arm 

Impedance Control

• Control the “grasping” forces via an 
additional virtual spring.

• Stiffness matrices must be 
compatible!
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1) Control of Robots with Flexible Joints

2) Multi-task compliance control

3) Extension to legged robots

4) Summary

Overview
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Multi-Task Control
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Multi-Task Compliance Control
Robot Dynamics

Multiple Tasks Control Goal (Compliance)
• Desired configurations

• Stiffness

• Damping

Task prioritization:
A task with lower priority should not 
disturb any task with higher priority

• execution in successive nullspaces

• successive convergence
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Nullspace Compliance

For analysis:

• Cartesian dynamics allown is not enough.

• We need a dynamics formulation of the task space and nullspace

• Nullspace projection is not passive 
 above control law is not sufficient!

Intuitive approach: nullspace projection

nullspace projection nullspace control action

Nullspace Compliance Control: 
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Nullspace Coordinates

Additional task coordinates 
(Baillieul ‘85)

Velocity coordinates 
(Park ‘99)

)(qJN
Disadvantage: additional 
algorithmic singularities
Dynamical couplings  Problem 
for prioritized control

Two possible approaches …

The problem of non-integrability: Notice that in general there do not exist any 
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Complete dynamics (Cartesian + nullspace) 
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Complete dynamics (Cartesian + nullspace) 
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How to choose N(q)?

Complete dynamics (Cartesian + nullspace) 
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Hierarchical Nullspaces
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Hierarchical Nullspaces
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inertially
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Controller Design
Intuitive approach: nullspace projection

Prioritized hierarchical compliance control
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Closed Loop Dynamics
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Iterative Convergence
Main Task:
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Simulations

Priority levels for simulation:

1.Translational Cartesian compliance of the TCP

2.Rotational Cartesian compliance of the TCP

3.Compliance of first joint

“converged“

“converged“
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1) Control of Robots with Flexible Joints

2) Multi-task compliance control

3) Extension to legged robots

4) Summary

Overview
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Torque controlled humanoids at DLR
TORO (2013)

LBR-III (2003) Justin (2006)

Space Qualified
Joint Technology

ROKVISS

Biped (2010)

• Joint torque sensing & control

• Small foot size: 19 x 9,5 cm

• IMU in head & trunk

• FTS in feet for position based control

• Sensorized head (stereo vision &  kinect)

• Simple prosthetic hands (iLIMB)
Mobile Justin (2009)

• Joint torque sensing & control

• Robust manipulation via impedance control



> National Journey of Humanoid Robotics > Christian Ott > 23.06.2014DLR.de  •  Chart 40

Applications



Balancing & Posture Control

Trunk orientation Control
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IMU measurements

Compliant COM control [Hyon & Cheng, 2006] 
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Balancing & Posture Control
Compliant COM control [Hyon & Cheng, 2006] 

Trunk orientation Control
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Balancing & Posture Control
Compliant COM control [Hyon & Cheng, 2006] 

Trunk orientation Control
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Force distribution: Similar problems!

Grasping & Balancing
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Force distribution
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Force distribution

HIPT
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Contact force control via joint torques
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Multibody robot model:
COM as a base coordinate  system structure with decoupled COM dynamics.

[Space Robotics], [Wieber 2005, Hyon et al. 2006]

Passivity based compliance control
(well suited for balancing)
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Experiments
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Extension to Multi-contact scenarios
Current work by Bernd Henze

Whole body control (no separation between upper body and lower body)
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1) Compliance control framework for robots with joint torque
sensors implies robot model with joint flexibilty

2) Multi-objective compliance control:
Hierarchical nullspace velocities to achieve

decoupling without feedback cancellation

3) Extension to legged robots & multi-contact interaction

Summary
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Thank you very much for your kind attention!


