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Global constraint:

� (altitude > 3)

True or False

Monitoring:
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Discretiation

Continuous Signal

Physical Property

stream |= φ
?

=⇒ signal |= φ
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Definition (STL model)

STL is defined over model M = 〈S ,FB〉. fp ∈ FB : R|S | → {>,⊥}.

Definition (STL syntax)

φ := > | p | ¬φ | φ ∨ ψ | φ UI ψ

Definition (STL semantics)

M, n |= >
M, n |= p iff fp(Sn)

M, n |= ¬φ iff M, n 6|= φ

M, n |= φ ∨ ψ iff M, n |= φ or M, n |= ψ

M, n |= φ UI ψ iff ∃n′ ∈ n + I
(
M, n′ |= ψ and

∀n′′ ∈ [n, n′)
(
M, n′′ |= φ

) )
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Many sources of uncertainty exists. . .

Representing and managing uncertainty is important

Mattias Tiger Linköping University 7/12



Introduction
Signal Temporal Logic

Probabilistic Signal Temporal Logic

Stochastic Signals and States
ProbSTL
Expressivity

Physical Systems and State Estimation

xct Sensor Measurement State Estimation xt
ytn

yt
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UAV inside no-fly-zone?

inside = false Pr(inside) = 0.1 Pr(inside) = 0.4
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Definition (ProbSTL model)

ProbSTL is defined over model M = 〈S ,FB,FR,FS,E,S〉

Definition (ProbSTL Stream)

A ProbSTL stream S is a tuple of discrete-time signals. The
individual signals x are either deterministic xn = xtn or stochastic
xn = 〈xt′|tn , . . . 〉, ∀t ′ ∈ R. Each stochastic variable is defined by
its probability distribution p(xt′|tn) = p(xt′ |yt0 , . . . , ytn).

Definition (Probabilistic Language Lprob)

` := const | Pr(E (τp, . . . , τ, . . . )) | fR(τ, . . . )

τ := τd | τp
τd := ` | xt
τp := xt′|t | fS(τ, . . . )
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UAV altitude under uncertainty

� (altitude0 > 3)

� (Pr(altitude0 > 3) ≥ 0.99)

� (Pr(altitude2|0 > 3) ≥ 0.99)
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Expressivity

Probabilitic

Is the UAV inside the no-fly-zone?

Introspective

Are the predictions reliable?

Anticipatory

Collision in the near future?
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