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1. Robots
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A robot is a mechanical system equipped with

actuators

sensors

an intelligence

a memory.
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Saucisse (ENSTA Bretagne)
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Reachability
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A dynamical system [Newton 1690]

ẋ = f(x) .
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Example. Van der Pol oscillator{
ẋ1 = x2
ẋ2 = −

(
x2

1 −1
)

x2 − x1

x(0) ∈ X0
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Vehicle
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A vehicle is a dynamical system with actuators

ẋ = f(x,u) .
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Example. The Dubin's car (1957).
ẋ = cosθ

ẏ = sinθ

θ̇ = u

with u ∈ [−1,1] .
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Simulation (formule d'Euler, 1770)

ẋ = f(x,u) ∼ x(tk+1) = x(tk)+δ · f(x(tk),u(tk))
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Intelligence
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A robot is a vehicle with sensors, actuators and an intelligence:

ẋ = f(x,u) (evolution)
y = g(x) (observation)
u = h(y) . (control)
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We have
ẋ = f(x,h(g(x))) = ψ (x)

Thus an intelligent vehicle is a dynamical system.
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Control
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Arti�cial potential �elds
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A robot has memory
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A robot is a intelligent vehicle with memory

ẋ(t) = f(x(t),u(t)) (ontic evolution)
y(t) = g(x(t)) (observation)
µk+1 = ϕ(µk,y(tk)) (epistemic evolution)
u(tk) = h(µk) (control)
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With an analog controller

ẋ(t) = f(x(t),u(t)) (ontic evolution)
y(t) = g(x(t)) (observation)
µ̇(t) = ϕ(µ(t),y(t)) (epistemic evolution)
u(t) = h(µ(t)). (control)
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ẋ(t) = f(x(t),h(µ(t))) (ontic evolution)
µ̇(t) = ϕ(µ(t),g(x(t))) (epistemic evolution)
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The global state is z = (x,µ). We have

ż = ψ(z)

An intelligent vehicle with memory is thus a dynamical system.
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2. Uncertainties
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State of the robot : z = (x,µ), with
x: the ontic state

µ : the epistemic state
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Perception : We measure x
Communication : we measure µ
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https://youtu.be/xlgp9P0SY1Y
t=1:40
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ẋ = f(x,u)
y = g(x)
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If we set z = (x, x̂), we get

ż = ψ(z)
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Assume that we can observe the motion of the robot

ż = ψ(z)
a = η(x)
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We can build an observer for z:

ż = ψ(z)
a = η(x)
˙̂z = ψ̂(a, ẑ)
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Distributed knowledge
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Experiments
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