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1-st homology group over
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 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



Algorithm

Edelsbrunner, Letcher, Zomorodian, 2002
Zomorodian, Carlsson, 2005



Theorem (McMullen '70):

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



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).



  

Scientific Applications

M. Nicolau et al, “Topology based data analysis identifies a subgroup of
breast cancers with a unique mutational profile and excellent survival” PNAS 2010



  



  



  



  

Topology & Spacial Reasoning



Learning from Demonstration



  

Motion Clustering

Fréchet distance

Hausdorff distance

L2 distance

Dynamic Time Warping

Custom 
Featurization/Embedding

….

Metric Clustering 

(e.g. single linkage)



  

Topology & Spacial Reasoning



  

Metric Clustering?



  

Metric Clustering?



  

1-Cycles & Clustering



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

Robotics Applications - Clustering



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

Robotics Applications - Clustering



Generalization to Terminal Regions



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



Motion Planning with Cohomology



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

Robotics Applications - Planning



  

Building on Prior Works on Topological Motion Planning

 [K. D. Jenkins et al. 1991], [D. Grigoriev et al. 1998], [S. Bhattacharya et al. 2010+], [S. Kim et al. 2012+], [F. T. Pokorny et al. 2013+], ...



High-Dimensional Winding-Augmented Motion Planning with 2D Topological Task 
Projections and Persistent Homology, ICRA '16, F. T. Pokorny, D. Kragic, L. E. Kavraki, K. Goldberg



Task Projections and Persistence



High-Dimensional Winding-Augmented Motion Planning with 2D Topological Task 
Projections and Persistent Homology, ICRA '16, F. T. Pokorny, D. Kragic, L. E. Kavraki, K. Goldberg



2 DOF linkage, WA-RRT* 6 DOF linkage, WA-RRT, without self-collisions (torus C-space)

High-Dimensional Winding-Augmented Motion Planning 
with 2D Topological Task Projections and Persistent Homology

F. T. Pokorny, D. Kragic, L. E. Kavraki, K. Goldberg, ICRA 2016

planar linkage                                      projection to first 2 joint angles planar linkage                                      projection to first 2 joint angles



C-space dimension = 2,3,4,5,6,8,10

Number of found homotopy classes

Computational Complexity

time(s)



Topology for Manipulation



Grasping objects with holes:

Integrated Motion and Clasp Planning with Virtual Linking, J. A. Stork, F. T. Pokorny, D. Kragic,  IROS 2013

Figures: J.A. Stork



Integrated Motion and Clasp Planning with Virtual Linking, J. A. Stork, F. T. Pokorny, D. Kragic,  IROS 2013

Figures: J.A. Stork



  

Caging and Gravity

Energy-Bounded Caging: Formal Definition and 2D Lower Bound Algorithm Based on Weighted Alpha Shapes
J. Mahler, F. T. Pokorny, A. F. van der Stappen, K. Goldberg, IEEE RA-Letters & IEEE ICRA'16 



  

Caging and Gravity

Energy-Bounded Caging: Formal Definition and 2D Lower Bound Algorithm Based on Weighted Alpha Shapes
J. Mahler, F. T. Pokorny, A. F. van der Stappen, K. Goldberg, IEEE RA-Letters & IEEE ICRA'16 



  

Caging and Gravity

Energy-Bounded Caging: Formal Definition and 2D Lower Bound Algorithm Based on Weighted Alpha Shapes
J. Mahler, F. T. Pokorny, A. F. van der Stappen, K. Goldberg, IEEE RA-Letters & IEEE ICRA'16 



Algebraic Topology & 3D Caging: 
deformation classes, isotopies, homotopies

A. Varava, D. Kragic, F. T. Pokorny, 2016 (conditionally accepted, T-RO)



A. Varava, D. Kragic, F. T. Pokorny, 2016 (conditionally accepted, T-RO)

Algebraic Topology & 3D Caging: 
deformation classes, isotopies, homotopies


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103

