
A Category Theoretic Treatment of Robot Hybrid Dynamics with 
Applications to Reactive Motion Planning and Beyond



Can we make behaviors modular?

Robot Whisperer:

http://www.youtube.com/watch?v=_YrWX9ez3jM&t=22


Hybrid systems

Image source: Lygeros et al., ”Dynamical properties of hybrid 
automata.” IEEE Transactions on automatic control, 2003.

Morphisms: hybrid semiconjugacies 
●  “execution-preserving maps”

Cf. Lerman. “A category of hybrid systems.” 
arXiv:1612.01950.



.             Templates and anchors

De, Avik, and Daniel E. Koditschek. "Parallel composition of templates for tail-energized planar hopping." 
2015 IEEE International Conference on Robotics and Automation (ICRA). IEEE, 2015.

http://www.youtube.com/watch?v=wvYthkpRFfk&t=15


Anchoring a limit cycle in a vertical hopper

Template Subdivision Anchor
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Hierarchical composition
Theorem (CGKS).Template-anchor pairs are weakly associatively composable.



Sequential composition

Burridge, Robert R., Alfred A. Rizzi, and Daniel E. Koditschek. 
"Sequential composition of dynamically dexterous robot 
behaviors." The International Journal of Robotics Research 18.6 
(1999): 534-555.

Goal: define a class of 
“funnel-like’’ hybrid systems 
closed under sequentially 
composition



A “navigate-to-goal” funnel

Arslan, Omur, and Daniel E. Koditschek. "Sensor-based reactive navigation 
in unknown convex sphere worlds." The International Journal of Robotics 
Research (2019).



How to define ``funnel-like’’ systems?



Directed systems
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Composable!



A double category of hybrid systems

V. Vasilopoulos, D.E. Koditschek (2018). Reactive 
Navigation in Partially Known Non-Convex 
Environments. In WAFR 2018.



Challenges for Topological Complexity Theorists

● Effective versions of TC for given affordances
○ Which paths can we anchor in a realistic system? 
○ Physically grounded TC:

■ Path -> directed system
■ End point -> (steady-state) behavior



Thanks!  

arXiv:1911.01267


