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 hand controls ball: 
prehensile  

 
 

form or force 
closure grasping 

shared control: 
nonprehensile 

 
 

environment 
controls ball 

nonprehensile manipulation 



rolling (Michael Moschen) 

throwing and batting 
(U Tokyo) 

bat juggling 

vibratory feeding (Asyril) 

snatch + throw 

catching and palming 

rolling and balancing 
NTNU 



simple robots 
simple models 
rich dynamics 



nonholo mumbo jumbo 

locally accessible (globally) controllable 

small-time locally controllable linearly controllable 
(form, force closure) 

Bullo and Lewis, Geometric control of mechanical systems, 2005. 
Bloch, Nonholonomic mechanics and control, 2003. 
Lynch, Bloch, Drakunov, Reyhanoglu, Zenkov.  Control of nonholonomic and underactuated systems, 2010.  



Honda P1, 1996 









Coleman and Ruina 









parkour 



the ParkourBot 
 

Brown, Degani, Feng, Long, Choset, Mason, Lynch  



more limit cycles 

15 Hz vibration 
1/20 speed 
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accelerometers 

flexure-based Stewart platform 

the 6-dof PPOD 
(Programmable Parts Orienting Device) 

voice coil 

actuator 

audio 

amps 
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f fric = µ fnormal

vrel
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top view of plate 

plate and part horizontal velocities at A 

limit cycles of pursuer-evader 

x!

y!
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asymptotic velocity 

Asymptotic velocity at (x,y): 

 

 

where v’(t) is the limit cycle. 
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asymptotic velocity 

asymptotic velocity vectors at all points: 

asymptotic velocity field 

Asymptotic velocity at (x,y): 

 

 

where v’(t) is the limit cycle. 
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asymptotic velocity fields 



the 6-dof PPOD 
(Programmable Parts Orienting Device) 



enter the “real world…” 



contact modeling? 



contact modeling? 



ERIN 
7-dof WAM, 16-dof Allegro hand, 4 SynTouch BioTac fingertips, 10-camera OptiTrack  



the great divide 
locomotion and manipulation 

good low-level models 
kinematics, f = ma,  

friction, impact 

state estimation 
controllability 
motion planning 
feedback control 

low-level models 
not available 

•  nonlinear 
•  underactuated 
•  nonholonomic  
•  hybrid 
•  obstacles  
•  optimality 
•  … 



the great divide 
locomotion and manipulation 

good low-level models 
kinematics, f = ma,  

friction, impact 

state estimation 
controllability 
motion planning 
feedback control 

low-level models 
not available 

qualitative physics 
machine learning 
statistical methods 
behaviors, heuristics 
passive mechanics 



the great divide 
locomotion and manipulation 

good low-level models 
kinematics, f = ma,  

friction, impact 

state estimation 
controllability 
motion planning 
feedback control 

low-level models 
not available 

templates


qualitative physics 
machine learning 
statistical methods 
behaviors, heuristics 
passive mechanics 



the great divide 
locomotion and manipulation 

good low-level models 
kinematics, f = ma,  

friction, impact 

state estimation 
controllability 
motion planning 
feedback control 

low-level models 
not available •  better sensors 

•  better models 
•  better simulators, 
    faster computers 
•  belief filtering for 
    hybrid systems 
•  belief controllability 
    for hybrid systems 
•  planning and control 
    through multiple 
    contact modes  

the future

…. 

qualitative physics 
machine learning 
statistical methods 
behaviors, heuristics 
passive mechanics 

Kevin Lynch


