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Outline



}Robotics for Development of Cognition

}Workspace 5 ðPerception and action learning

}Task 5.3 ðExploitation of biomechanical 
constraints for learning of complex movements 
(Fellow ESR2; Zurich, Hamburg, IIT, Plymouth)
ƁSimulation of constraints in software

Ɓ Implementing a multi - DOF arm with variable compliance

ƁDevelop neuro - mechanical motor primitives

ƁGenerating and learning complex robotics movements
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RobotDoc task
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Thesis proposal
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}Anthropomimetic robot
ƁòMachine that faithful copies the essential physical 
structure of a humanó

}Control of anthropomimetic robots
ƁInteresting from the engineering point of view

ƁPotentially useful to investigate human movements

}Strong interest in neuroscience
ƁBiologically inspired control
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Introduction and Motivation

Owen Holland and Rob Knight. The Anthropomimetic Principle. AISB Symposium on 
Biologically Inspired Robots, Bristol, April 2006
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Elbow joint
3 artificial muscles

Shoulder blade
9 artificial muscles

Spine
4 artificial muscles

Åredundancy

Åcompliance
Åmulti - articular muscles
Ågeometry not known
Åwhich muscle does what?
Åkinematic couplings

6
www.eccerobot.org

Cristiano Alessandro
Project Proposal Workshop, 2010

Anthropomimetic robot

The platform



}DC motor, series elastic 

}Potentiometers in the motor shafts

}Tension sensors in the kiteline
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Actuation and proprioception

The platform
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Objective

}Replicate, at a certain level of abstraction, some 
mechanisms underlying the formation of 
movements in human beings
ƁHuman - like structure

ƁHuman - like sensory modalities (e.g. no joint angles)

}Motor skills learning based on these mechanisms 
in an anthropomimetic robot



}Nikolai Bernstein (1896 ð1966)

}Controlled variables?

}Degrees of freedom problem
ƁJoints level (point in space...)

ƁMuscles level (torque...)

ƁMotor units level (activation...)
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òThe Central Nervous System (CNS) unites 
elements into groups such that each group is 
controlled by a single variableó
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Degrees of freedom problem

Neuroscientific theories



} It has been hypothesized that complex movements 
are generated as combinations of primitives stored 
in the central nervous system

}Spinal force field
Ɓ Mussa- Ivaldi F, Giszter S, Bizzi E. Linear combinations of primitives in vertebrate 

motor control. Proceedings of the National Academy of Sciences. 1994;91(16):7534.

}Muscle Synergies
Ɓ d'Avella A, Saltiel P, Bizzi E. Combinations of muscle synergies in the construction of 

a natural motor behavior. Nature neuroscience. 2003;6(3):300 - 8.
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Primitives

Neuroscientific theories



} Def: coordinate activations of groups of muscles with specific time -
varying profiles.

} Muscle patterns as combinations of synergies independently scaled 
in amplitude and shifted in time.
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Muscle synergies

Neuroscientific theories
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d'Avella A, Saltiel P, Bizzi E. Combinations of muscle 
synergies in the construction of a natural motor 
behavior. Nature neuroscience. 2003;6(3):300 - 8.



} The concept of ògroupó is not defined.

} How do the time - varying profiles emerge? According to which 
principle?

} Are the time - varying profiles task dependent or task 
independent?

} How does this theory relate to the so called òinternal modelsó?

} How does the CNS learn how to combine the profiles?
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Open problems

Neuroscientific theories



} Chhabra M, Jacobs RA. Properties of Synergies Arising from a Theory of 
Optimal Motor Behavior . Neural Computation. 2006;18(10):2320 - 2342.
Ɓ Comparison of learning curves using and not using synergies

Ɓ Known dynamics of the robot and motions

} Hauser H, Neumann G, Ijspeert A, Maass W. Biologically inspired kinematic 
synergies provide a new paradigm for balance control of humanoid robots. 
In: Humanoid Robots, 2007 7th IEEE - RAS International Conference on. IEEE; 
2009:73 ð80.
Ɓ Synergies as fixed state of group of actuators for a specific task

Ɓ Linearity imposed by the user considering also the robot òin the loopó

} Nori F. Symbolic Control with Biologically Inspired Motion Primitives . PhD 
Thesis. 2005. 
Ɓ Primitives computed in closed form using the language of control theory

Ɓ òOptimaló motion primitives

Ɓ Simulated two degrees - of - freedom planar arm

Ɓ Known dynamics of the robot
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Robotics and control

State of the art



}Control architecture for anthropomimetic robots 
inspired by the theory of muscle synergies

}Developmental system to incrementally learn 
movements based on the defined architecture

}Show how the developed architecture can possibly 
be useful for neuroscientific purposes
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Outline

Proposed work
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1,t1c 2,t2c Mt,Mc

Control architecture

Proposed work
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}Known geometry

}Same actuation principle
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й2 independent pendula
ÅKinematically independent

й4 artificial muscles for each pendulum
Åkinematic couplings

й1 tension sensor for each òtendonó
й1 position sensor for each DC motor
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Only for initial studies and proofs of concept!

A simple platform

Proposed work
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Real platforms

Proposed work



}Not clear concept of ògroupó in Neuroscience

}Hypotheses
Ɓ(a) Kinematic couplings

Ɓ(b) Muscles involved in the task

Ɓ(c) Muscles involved in a degree of mobility
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(a) (b) (c)
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Groups of actuators

Proposed work



}Kinematic couplings
ƁEach actuator affects the state of the others

ƁTask independent

}Learning (clustering)
ƁAnalysis of correlations between sensori - motor signals
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System Identification
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Groups of actuators

Proposed work



}Dynamic model of each group
1. Analytical model (parameter tuning)

2. Machine learning

3. Machine learning + correlation
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Modeling

Dynamic model

Proposed work



}Basis of the actuators activations vector space

}Exploitation of the natural dynamics of the group
ƁòPushó the system to its basins of attraction or limit cycles

ƁEnergy efficiency
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Primitives learning

Proposed work
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1,t1c 2,t2c Mt,Mc

Control architecture

Proposed work



}Effect of different grouping techniques

}Role of the body properties for the formation of the 
primitives

}Emergence of primitives as a result of different 
òoptimizationó principles

}Task performance as a function of different 
primitives
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Neuroscientific tool

Proposed work
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Conclusion

}Control of anthropomimetic robots potentially 
useful to investigate human movement control
ƁBiologically inspired approach

}Replicate the mechanism of muscle synergies
ƁLearning and control

}Address some open problems by using 
mathematical tools
ƁMachine learning

ƁControl theory
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Thanks!!!
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