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Applications 
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Robust motion planning 

Controlling complex systems 

Aircraft collision avoidance 
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Robust motion planning 

GOAL 

START 

Robustness goal: Need to guarantee (with some confidence) that the system 
reaches a goal state and does not reach any states insides the obstacle sets 
under uncertainty 
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Timeline: 
• Bradley and Zhao, 1993; Frazzoli, 2001 - Flow tubes 

• Hoffman and Williams, 2006 - Flow tubes with temporal constraints 

• Tobenkin, Manchester, and Tedrake, 2011; Majumdar and Tedrake, 
2012 - Funnels 
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Motion planning with funnels 
• Generate regions of finite time invariance (“funnels”) 

subjected to a general class of uncertainty 
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Reachability analysis can help distinguish between “intuitively less risky” 
paths from actual “safe” paths 
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Online planning with funnel 
libraries 

• Not all information about the environment is known before 
hand 

• Cannot perform expensive computations during runtime 

• Create libraries of funnels offline — one for each possible 
trajectory 
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Online planning with funnel 
libraries 
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Online planning with funnel 
libraries 

Problem reduces to finding a sequential composition of funnels 
to avoid obstacles 
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Online planning 
1. Initial planned funnel sequence, P 

2. Update obstacles information, O 

3. Get current state of robot, x 

4. Check if P collides with any of the 

obstacles 

5. If collision 

P = ReplanFunnels(x, O) 

6. Apply control corresponding to P and x 

7. Goto 2 
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4. Check if P collides with any of the 

obstacles 

5. If collision 

P = ReplanFunnels(x, O) 

6. Apply control corresponding to P and x 

7. Goto 2 x = (5,20) 
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http://groups.csail.mit.edu/robotics-center/public_papers/Majumdar12a.pdf
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