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Milestone	 2:	 validation	 scenario,	
balancing	 on	 feet	 while	 performing	
goal	directed	actions.	

Work	package	goals	
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B1. CONCEPT, OBJECTIVES, PROGRESS BEYOND STATE-OF-THE-ART, S/T METHOD 
AND WORK PLAN 

B1.1 CONCEPT AND PROJECT OBJECTIVE(S) 
B1.1.1 CONCEPT 

For cognitive agents, such as humanoid robots, to persist and act in natural human environments, 
contact and physical interaction become necessary and unavoidable. Everyday tasks involve making and 
breaking contact, among all areas of the body, whether the contacts are accidental disturbances or 
intentional support for dynamic movement. Critically, robots should be robust enough to cope with 
unpredictable contact, via safe control mechanisms and compliance.  Moreover, cognitive goal directed 
robots need the ability to exploit predictable contact, to aid in goal achievement, as well as learn dynamics 
of contact in order to generalize to novel tasks and domains. 

Physical interaction has been studied in robotics, extensively under the umbrella of manipulation. For 
historical reasons, these studies have assumed a fixed-base as current industrial applications do not 
necessitate extended mobility. Foreseen robotic applications will demand an increasing level of autonomy, 
including physical mobility. These applications call for extending studies on interaction to cases where the 
robot has a mobile-base. Remarkably and differently from the fixed-base case, interaction in these 
situations may compromise system balance, and goal directed action will require proper whole-body 
coordination and use of contact. However, the principles governing whole-body coordination in humans are 
far from being understood and implementations on complex systems, such as humanoids, are missing, 
especially besides walking. 

The aim of CoDyCo is to advance the current control and cognitive understanding about robust, goal-
directed whole-body motion execution with multiple contacts. Its scope and focus will be on complex 
systems, such as humans and humanoids. The following examples illustrate some of the scope of problems 
to be addressed by the project. Each of these scenarios involves the humanoid robot iCub. 
Table 1 presents the four scenarios addressed in CoDyCo. Remarkably, scenarios have an increasing complexity with respect to current 
state of the art as discussed in section “B1.2.2 Scenarios classification” and shown in Table 5. 

   

    
Scenario 1. 

Balancing with multiple 
rigid contacts. 

Scenario 2. 
Goal directed actions 

involving contacts. 

Scenario 3. 
Learning non-rigid 

contacts. 

Scenario 4. 
Human assistive 

contacts. 

  



�  Implementation	 1	 (upper	
body	 goal	 directed	 action):	
w h o l e - b o d y	 t o r q u e -
controlled	 balancing	 while	
gazing	and	reaching.	

�  Implementation	 2	 (lower	
body	 goal	 directed	 action):	
w h o l e - b o d y	 t o r q u e	
controlled	stepping.	

Implementation	
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-  Dealing	with	incompatible	postural/
Cartesian	tasks	coordination	(hierarchic	
control:	WP3).	

-  Simultaneous	accurate	torque	(postural)	
and	position	(Cartesian)	control	
(dynamic	identification:	WP1	and	WP4).	

-  Real-time	constraints:	30Hz	visual	
control	loop	and	100Hz	on	posture.	

-  Implementation	on	different	robots	
(iCubParis01	v1.5	and	iCubParis02	v2.0).	

Addressed	challenges	



Integration	@	ISIR	



Integration	@	ISIR	



Integration	@	ISIR	



Integration	@	ISIR	



�  T5.2	Scenario	2:	iCub	posture	control	while	
performing	goal	directed	actions.		
-  Integration	of	the	iCub	gaze,	arm	and	foot	Cartesian	

controller	(Y2).	
-  Enhanced	whole-body	control	(Y1+).	
-  Enhanced	whole-body	modeling	(Y2).	
-  Implementation	on	the	real	robot:	
•  Validation	scenario	video.	

Outline	
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Multi	Referential	
Dynamical	Systems	
M.	Hersch,	A.G.	Billard,	“Reaching	
with	multi-referential	dynamical	
systems”,	Springer-Verlag.	

ẋ = J(q)q̇

Cartesian	Controller	Structure	



3.  Open-source	library	for	Motor	Primitives	

4.  Easy	integration	with	low-level	wholeBodyControl	

Motor	primitives	



Yet	another	Cartesian	Controller:	reuse	ideas	…	
	
Then,	apply	easy	transformations	from	Cartesian	to	…	
	
1.  Egocentric	angular	space	
2.  Image	planes	(mono	and	stereo)	

FP	
θ	

The	gaze	controller	
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Task	Space	Inverse	Dynamics	(TSID)	

A	framework	for	
prioritized	control	of	
positions	and	forces	

T5.2	

 

Balancing

Control strategy when balancing on two feet
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�  Result	3:	after	calibration	on	a	training	set,	calibrated	
force	and	torques	lie	on	a	sphere	(test	set).		

Force/torque	sensor	calibration:	
experimental	results	
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Open-source	code:	https://github.com/robotology-playground/insitu-ft-calibration	
S.	Traversaro	et	al.	(ICRA	2015)	



Identification	with	force@base	
Proposition	(Ayusawa	et	al.,	2013)	
		
The	 indefinable	 parameters	 subspace	
a s s o c i a t e d	 t o	 j o i n t	 t o r q u e	
measurements	 is	 a	 subspace	 of	 the	
one	 assoc iated	 to	 base	 force	
measurements.	 	 In	 other	 terms,	 the	
parameters	 estimated	 with	 base	
forces	 can	 be	 used	 to	 predict	 joint	
torques.		

Proposition	(Traversaro	et	al.,	2015)	
		
The	 indefinable	 parameters	 subspace	
associated	 with	 different	 choices	 of	
the	 base	 link	 coincides	 with	 the	
subspace	 associated	 to	 a	 specific	
choice	of	the	base	link.		In	other	terms,	
the	 parameters	 estimated	 with	 base	
forces	 can	 be	 used	 to	 predict	 joint	
torques	and	external-forces.		

Open-source	code:	
https://github.com/robotology-playground/idyntree		

S.	Traversaro	et	al.	(ICRA	2015)	



Motor	transfer	function	identification	

Vi = kt⌧i + (kvps(✓̇i) + kvns(�✓̇i))✓̇i + (kcps(✓̇i) + kcns(�✓̇i))sign(✓̇i),

Fundamental	identification	procedure	to	match	the	model	VS	real	gap.	
https://github.com/robotology/codyco-modules/tree/master/src/modules/motorFrictionIdentification		



Task	sequencing	

 
Constraints on feet
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Based	on	the	concept	of	generalized	
inverses	(Adi	Ben-Israel).	See	also	the	
work	by	V.	Padois	in	Orocos-KDL:	
KDL::ChainIkSolverVel_wdls	

T5.2	



MJ	closed-loop:	
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The	controller:	trajectory	generation	 T5.2	
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Outline	



Internal	torque	minimization	 T5.2	



Single	support	balancing	 T5.2	



Goal	directed	balancing	 T5.2	



Conclusions	

�  Extensions	of	the	first	year	scenario	include:	
-  Dealing	with	incompatible	postural/Cartesian	tasks	

coordination.	
-  Simultaneous	accurate	torque	(postural)	and	position	

(Cartesian)	control.	
-  Force/torque	sensor	calibration.	
-  System	identification.	
-  Motor	transfer	function	identification.	
-  Implementation	on	other	two	iCub	versions	(v1.5/v2.0)	



Internal	torques:	no	minimization	



Internal	torques:	minimization	




