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.:: Obstacle Avoidance

How can we build a
robot that is safe?




.:: Obstacle Avoidance

What is safe?




... Safety Definitions

Static safety
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... Safety Definitions

Passive safety
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... Safety Definitions

Passive friendly safety
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... Safety Definitions

How to design o
a safe controller?
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.»+ Constraints of a Safe Controller

Static
safety

Passive
safety

Passive
friendly
safety
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.»» Constraints of a Safe Controller

Name | ing A

Static \
safety

Passive
safety | V))

How to find & justify those? )
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.»» Formal Verification to the Rescue
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.»: Model and Proof
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Theorem: s = [dups] ( (v, = 0)V (IIpr = poll > 5= +V ")

Initial Conditions = [Hybrid System] (Requirements)

dwps = (ctrl, || (senseq; ctrly.); dyn)*

v = (,); vl <V ‘
((0r:= 05 gr :=0) U (6, := 6,3 gr = gr));
(Br = (%, %); 2(Ipr — prll < Up + 0y
ctrl. = (a, := —=b)

U (?v, =0; a, :=0; w,:=0)

U(ar:=%; 7=b<a, <A; w.:=%; 77— Q< w, <

Pe = (%, %); dy = (*,%); Do := (*,%); ?feasible A\ safe)
(Br — pe)*

feasible = ||pr — pe|| > 0 A wy||Dr — pel| = vr Ndy, = ~————
[Dr — pell

ctrl, .
Passive Safety
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.»: Model and Proof
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.»: Model and Proof
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.»: Model and Proof

Theorem: wps — [dwps] (Ur — 0) \% (Hpr _poH
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.»: Model and Proof
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Model and Proof
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ctrl, =
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«- ¢ Verified in KeYmaera
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- - Proof

- Switching constraints

feasible = ||p, . 4 . .
- Design implications & trade-offs

safe = ||pr — p
dyn = (t :=0; p,:
pt =Z, ps
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