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Problem Setup

Hamilton-Jacobi Reachability

Safety Framework

Hardware Experiments

Safe Set 
Boundary

ℒ = {x : l(x) ≤ 0}

Unsafe States

Value Function
V (T, x) = min

d[⋅]
max

u
min

t∈[0,T ]
l(ζ(t ; x , u, d[u]))

V (0, x) = l(x)

Dynamic Programming

min { ∂V
∂t

+ H(x , ∇V ), l(x) − V (t, x)} = 0

u* = arg max
u

min
d

∇V (t, x) ⋅ f (x , u, d)

Optimal Control

Backward Reachable 
Set

𝒱 = {x : V (T, x) ≤ 0}

Local Update of BRS

1) Provably Safe Mechanism

3) Sensor Agnostic
2) Planner Agnostic

High Value 
(Safe)

Low Value 
(Unsafe)

Computation time for BRS (s)
Full HJ Reachability Local Update

51.7 0.9

Guaranteed  
Under-approximation

Vold ← Vt(0,Q)

Q ← new free states and neighbors
Qwhile     is not empty do

Vupdate ← Vold for ΔT

ΔV = | |Vupdate − Vold | |

Q ← ΔV = 0
Q ←

Vold ← Vupdate

update

remove states with
add neighbors

Framework Properties

Simulations

t = 0

t = 10


