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Motivation
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Reachable Set

Reachable sets are critical for path planning and navigation of mobile autonomous systems. 
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Traditional Reachable Sets

Set of Physical Inputs

Figure reference) http://techartandstuff.blogspot.com/2013/07/how-to-create-accurate-car-steering-rig.html
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If you bought a premium-class automobile recently, “it probably contains close to 100 million lines of software code.” 
  

- Manfred Broy, professor of informatics at Technical University
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Software Constraints

Traditional Reachable Sets Proposed Reachable Sets

… 
steer_angle = min(user.cmd , 30) #deg 
publish(steer_angle)

Set of Physical Inputs

Figure) http://techartandstuff.blogspot.com/2013/07/how-to-create-accurate-car-steering-rig.html

… 
cmd_vel = min(cruise.vel , 120) #km/h 
publish(cmd_vel)



Reachability without Software Constraints
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Over Approximated Reachable Set:  
 
1) Overly Cautious —> Inefficient

Goal



Reachability without Software Constraints
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Over Approximated Reachable Set: 
 
1) Overly Cautious —> Inefficient 
 
2) Overly Aggressive —> Unsafe

Goal
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Solution

Physical Bounds

Figure) http://techartandstuff.blogspot.com/2013/07/how-to-create-accurate-car-steering-rig.html
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Solution

Program
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Figure) http://www.grokcode.com/864/snakefooding-python-code-for-complexity-visualization/



Solution

ComputeVelocityCommands()

SimpleTrajectoryGenerator()

planner.yaml std::min( … )…
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Solution

ComputeVelocityCommands()

SimpleTrajectoryGenerator()

planner.yaml std::min([unk; 0.5])…
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Preliminary Results
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Conclusion
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Takeaway: The precision of reachable sets used by autonomous vehicles could be 
dramatically higher by considering the constraints imposed by software. We now 
have an approach to uncovering and applying those constraints.
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