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Why Topology?



  

Reasoning about Motion

Figure: ABB



  

Robot Motion Planning

Algebraic Approach

● Schwarz & Sharir 1983
● Canny 1988
● Latombe 1991



  

Robot Motion Planning

Algebraic Approach Sampling-based Revolution

● Schwarz & Sharir 1983
● Canny 1988
● Latombe 1991

● LaValle 2001 
● Kavraki 1996 
● Hsu 1997 



  

Karaman & Frazzoli 2011 - RRT*



Path Non-Existence



Caging

Top left, bottom left: A. Varava, D. Kragic, F. T. Pokorny, IJRR 2014
Top right:  A. Varava, F. T. Pokorny, D. Devaurs, L. Kavraki, D. Kragic, Unpublished
Bottom right: J. A. Stork, F. T. Pokorny, D. Kragic, IROS 2013
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Homotopy Equivalence



Graphs



Simplicial Complexes



a 1-cyclecomplex another 1-cycle

Simplicial Complexes
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Persistence Diagram
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Persistence Diagram



Persistence Diagram

0



 H. Edelsbrunner, J. Harer: Intro to Computational Topology
G. Calsson: “Topology and Data”, AMS Bulletin 2009
A. Zomorodian, P. Niyogi, P. Bubenik, F. Chazal, W. Chacholski, U. Bauer,...

Topological Data Analysis



Relative Homology & Homotopy



Topological Trajectory Clustering with Relative Persistent Homology
F. T. Pokorny, K. Goldberg, D Kragic, ICRA 2016



Topological Trajectory Clustering with Relative Persistent Homology
F. T. Pokorny, K. Goldberg, D Kragic, ICRA 2016



Data Driven Topological Motion Planning with Persistent Cohomology
F. T. Pokorny, D Kragic, RSS 2015

200.000 samples of 4DOF left arm, 3.6 million edges, 12.7 million triangles in 4D
Approx 80s total computation time



Multiscale Topological Trajectory Classification with Persistent Homology
F. T. Pokorny, M. Hawasly, S. Ramamoorthy, RSS 2014

Topological Motion Clustering



Challenge: Topology vs Geometry

Path Clustering with Homology Area
J. F. Carvalho, M. Vejdemo-Johansson, D. Kragic, F. T. Pokorny

IEEE ICRA 2018



Challenge: ML integration

F. T. Pokorny, C.H. Ek, H.Kjellstrom, D. Kragic, NIPS 2012



Theorem (McMullen '70):

The number of d-simplices in the Delaunay triangulation of n
points in d dimensions is at most

Challenge: Complexity



Theorem (Dwyer '91):

The number of d-simplices of n points drawn i.i.d from the unit
ball in d dimensions is O(n).

Challenge: Complexity



● Back to cylindrical / analytic cell decompositions? (Canny,… )
● Beyond persistence? (Chacholski, ...) 
● Towards sheaf cohomology? (Ghrist, …)
● Human Robot Interaction?

Interesting Research Directions



ATDA2019



ATDA2019
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