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Problem & General Idea

D problem: user input can lead to failure

D idea: computer intervenes when necessary
D [movie of desired result (4-obstacle example)]
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Näıve Implementation

D if user’s input leads to failure within some given

time horizon, override it with a failure-free input
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Näıve Implementation: Problem

D problem: one can get trapped in a “dead-end”

D dead-end > time horizon always possible

failure

failure
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Viability Envelope

D strategy: mark all such “unavoidable failure” states as

“out of bounds”, then stay within bounds

D viability envelope = this bound

= set of all “points of no return”

a slice of viability envelope for orientation =
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Viability Envelope (ctd.)

D the envelope is a manifold in the system’s state-space

D for the simple car, state-space is 3D: (x, y, orientation)

D [movie: 3D tumble of 4-obstacle envelope]
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Applicability

D applicable to any dynamical system with known dynamics

UFO 3000 ???
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– Framework Details –
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Single-step Containment

D correct the control input when about to cause a breach

D disadvantage: harsh and abrupt corrections
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Multi-step Containment

D use predictive look-ahead, act on breaches earlier

D result: milder corrections
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Time to Envelope Breach

D Teb(x, u): “time to envelope breach”

D how long until control input u causes breach from state x

D assumption: u is held constant
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Time to Envelope Breach

D Teb(x, u): “time to envelope breach”

D how long until control input u causes breach from state x

D assumption: u is held constant

D very distant breaches irrelevant

D clamp Teb at Th, the “time horizon”

(i.e., Teb ≤ Th or Teb = ∞)
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Time to Envelope Breach

D Teb(x, u): “time to envelope breach”

D how long until control input u causes breach from state x

D assumption: u is held constant

D very distant breaches irrelevant

D clamp Teb at Th, the “time horizon”

(i.e., Teb ≤ Th or Teb = ∞)

D “breach-free” implies “... within Th”
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System Meta-states and Control Policy

D four meta-states (think: “severity”, “DEFCON”):

D L1: user’s control input is breach-free

D L2: L1 false, but a different input is breach-free

D L3: L2 false, but system still within envelope

D L4: L3 false (i.e., containment failed)

D control input actually applied:

D L1 → user’s control input

D L2 → the breach-free control “closest” to user’s

D L3 → the control input with largest Teb
†

D L4 → N/A†
( †: see “least detrimental” control)
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– Practical Approximations –
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