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MARTIGNY

IdiapΩs3 missions:
ÅResearch
ÅEducation
ÅTechnology transfer

Joint development 
plan with:

Robot Learning & Interaction

Frugality in robot learning:
Åin the amount of required data 

Åin what needs to be learned



Prehensile manipulation
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Bimanual skills / whole-body contacts  [ICRA 2024] Object affordances / use of tools  [ICRA 2024]



Non- prehensile manipulation
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[IROS 2023]

[ICLR 2024][IEEE RA-L 2023]

Pushing skills

Box pulling and pivoting

[IJRR 2024]

[RSS 2024]

Hitting motions

[RSS 2025]



Teleoperation and shared control
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Remote robot sideTeleoperatorside (VR)

https://dexrov.eu
EC, H2020 (2015-2018)

Teleoperated
manipulation task

Generation on the 
targeted robot

[Gao, Silvério, Pignat, Calinon, Li and Xiao, IEEE RA-L, 2021]

[Birket al., IEEE RAM, 2018]
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Being skillful 
Ҩ 

Exploiting variations & 
correlations in multiple

coordinate systems



Models built from self-generated data
Tensor networks  Vs  neural networks

?

Geometry-informed models
Object-centric, distances and manifold representations

Ergodic control
Tracking a distribution (instead of tracking a point)



Ergodic control to cope with sensor and motor uncertainty
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Input:  Spatial distribution
Output:  Control commands

Simple cost:  
Matching Fourier series coefficients

fixed weights

Ergodicity:  Difference 
between the time-averaged 
spatial statistics of the agent's 
trajectory and the target 
distribution to search in

ҦSimple yet powerful principle!

[Shetty, Silvérioand Calinon, IEEE Trans. on Robotics, 2022]
https:// ergodiccontrol.github.io(Tutorial at ICRAΩ2024)

Vs

Point tracking Distribution tracking



Input as a 
probability
distribution
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Ergodic control for search and exploration

8

[Shetty, Silvérioand Calinon, IEEE Trans. on Robotics, 2022]
https:// ergodiccontrol.github.io(Tutorial at ICRAΩ2024)

Ergodic search Patterned search



Ergodic control for manipulation with uncertain contacts
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Demonstration of insertion pose variations 
to provide a spatial reference distribution

[Shetty, Silvérioand Calinon, IEEE Trans. on Robotics, 2022] [Bilaloglu, Löwand Calinon, IEEE Trans. on Robotics, 2025]



Models built from self-generated data
Tensor networks  Vs  neural networks

?

Geometry-informed models
Object-centric, distances and manifold representations

Ergodic control
Tracking a distribution (instead of tracking a point)



Frugal AI with tensor data in robotics: which tools to use?
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Neural networks

Figure from: Fjodorvan Veen, Asimov institute 
Figure from: Andrzej CICHOCKI (2014), Era of Big Data Processing: A New Approach via 

Tensor Networks and Tensor Decompositions

Tensor networksVs

Matrix factorization: 

Tucker

Canonical polyadic(CP)

Tensor train (TT)
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Ivan Oseledets
(SkolkovoInstitute 
of Science and Technology)

Anima Anandkumar
(California Institute of 
Technology and NVIDIA)

LievenDe 
Lathauwer
(KU Leuven)
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Figure from: Fjodorvan Veen, Asimov institute 



Problem formulation
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Policy variable
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Task parameters,
current situations, 

objects locations, Χ

Actions, motions,
controllers, behaviors, Χ

Adaptive skill acquisition = Estimating this distribution
Skill generation = Conditional sampling

=

+=

+=

Cost function redefined
as a probability distribution

Low-rank factorization:

(in matrix form)

Tensor train decomposition

Skeleton decomposition

1-4 hour(s)

1-10 millisecond(s)



Active sampling for function approximation
14

Cross approximation (skeleton decomposition) of a probability distribution:

Ground truth

(rank 1 approximation)(rank 3 approximation)

ҦCan be used to approximate an unknown matrix with an algorithm querying rows 
and columns of the matrix in an iterative manner, while estimating its rank

ҦIn contrast to NN and GMM that first require to sample points to approximate the 
function, Tensor Trains iteratively generates the required data to build the model

[Shetty, Lembono, Löwand Calinon, IJRR, 2024]
(Best article award, IEEE RAS TC OptRob)

Reconstructed distribution

algorithm

DrSuhan
Shetty

DrTeguh
Lembono

DrTobias
Löw



Tensor train for global optimization (TTGO)
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decision variable
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For 2D decision variables:

Tensor train (TT) for data factorization

For nDdecision variables:

[Shetty, Lembono, Löwand Calinon, IJRR, 2024]
(Best article award, IEEE RAS TC OptRob)
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Tensor train for global optimization (TTGO)
16

Å Generates multiple solutions
Ҧ faster adaptation to sudden changes

Å Data-efficient alternative to 
reinforcement learning

Å Optimization for discrete and continuous 
decision variables (alternative to TAMP)

Å Variables stay within a boundary domain

Å Easy extensions to human-guided learning
(incl. LfDand scaffolding)

[Shetty, Lembono, Löwand Calinon, IJRR, 2024]
(Best article award, IEEE RAS TC OptRob)
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