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Problem Statement Synthesize Switching Controller Against STL Concluding Remarks

Controller Synthesis

Controller Synthesis

Synthesis
Engine

Property Φ

System S
Controller C

(S ∥ C = Φ)

Feedback Controller

Switching Controller

Reset Controller

STL Property + Feedback Controller :

V. Raman et al. “Model predictive control with signal temporal logic
specifications.” ——MILP-based Method

L. Lindemann et al. “Control barrier functions for signal temporal logic
tasks” —– Barrier Certificate based Method

V. Raman et al. “Reactive synthesis from signal temporal logic
specifications” ——CEGIS based Method

C. Fan et al. “Signal temporal logic neural predictive control” ——NN
based Method

Switching Controller

We considered switching controller synthesis of hybrid system, with respect to
Signal Temporal Logic.
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Problem Statement Synthesize Switching Controller Against STL Concluding Remarks

Signal Temporal Logic

Signal Temporal Logic (STL)

1. Keep liquid level in safe region (i.e., 0 ≤ h ≤ 4)

2. Reaction between liquid and Reactor Rod happens
at reaction phase 3 ≤ t ≤ 4

φ = (0 ≤ h ≤ 4)U[3,4](3 ≤ h ≤ 5)

Reactor Rod
P

h

5

3

STL
φ := ⊤ | µ ≥ 0 | ¬φ | φ1 ∨ φ2 | φ1UI φ2

ST-RA
ϕ := ⊤ | µ ≥ 0 | ¬ϕ | ϕ1 ∨ ϕ2

φ := φ1UI φ2

No nested “until” operator.

No negation outside “until” operator.
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Switched System

Switched System

A switched system is defined as a tuple Φ = (Q, F, Init, π), where

Q ≜ { q1, q2, . . . , qm } - Set of discrete modes,

F ≜ { fq | q ∈ Q } - Set of vector fields,
Init ⊆ Rn - Set of initial states,

π : Init → (R≥0 → Q) - Switching controller.

For any initial state x, π(x) specifies the control mode in which the system resides at time t

Two Modes :

q1 : P is ON ḣ = 1,

q2 : P is OFF ḣ = −1,

Switching Controller :

π(h0) =

{
(q1, 0), if 0 ≤ h0 ≤ 1

(q2, 0)(q1,
h0−1

2
), if 1 < h0 ≤ 4.

Reactor Rod
P

h

5

3
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Problem Statement Synthesize Switching Controller Against STL Concluding Remarks

Compute State-Time Sets Iteratively

State-Time Sets Xiq

(x, τ) ∈ X
i

q
⇐⇒

The system, initiating from state x at time τ in mode q ,

satisfies the STL specification within i switch occurrences .

1 2 3 4

1

2

3

4

5 ϕ2
ϕ1

h

1 2 3 4

1

2

3

4

5 ϕ2
ϕ1

h

φ =

ϕ1︷ ︸︸ ︷
(0 ≤ h ≤ 4)U[3,4]

ϕ2︷ ︸︸ ︷
(3 ≤ h ≤ 5)

X0
q1

X1
q1

Reactor Rod
P

h

5

3

∪i∈N ∪q∈Q Xiq[t=0] is all the initial states that can be driven to satisfy the given
STL formula.

Switching controller can be extracted from the state-time sets.
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Compute State-Time Sets Iteratively

Iteratively Compute State-Time Set

1 2 3 4

1

2

3
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t
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1 2 3 4

2
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2

4

X1
q2

ϕ1

t

h

1 2 3 4

2

4

X2
q2

ϕ1

t
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ϕ1 U[3,4] ϕ2 ϕ1 U X0
q2 ϕ1 U X1

q2

ϕ1 U[3,4] ϕ2 ϕ1 U X0
q1 ϕ1 U X1
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Synthesizing Switching Controller

Synthesizing Switching Controller

Theorem

For any q ∈ Q, suppose the solution of ODE ẋ(t) = fq(x(t))with initial x at time τ is
denoted byΨ( · ; x, τ, q), then the state-time sets can be inductively represented by

X0
q = QE

(
∃δ ≥ 0,

(
ϕ2[(x, t)=(Ψ(t+ δ; x, t, q), t+ δ)] ∧ (t+ δ ∈ I)

)
(1)

∧
(
∀0 ≤ h ≤ δ, ϕ1[(x, t)=(Ψ(t+ h; x, t, q), t+ h)]

))
Xiq =

∨
q′ ̸=q

QE
(
∃δ ≥ 0,

(
Xi−1
q′ [(x, t)=(Ψ(t+ δ; x, t, q), t+ δ)]

)
(2)

∧
(
∀0 ≤ h ≤ δ, ϕ1[(x, t)=(Ψ(t+ h; x, t, q), t+ h)]

))
for any q ∈ Q and any i ∈ N.

For a Switched System with constant dynamics, Xiq can be explicitly calculated in
polynomial time

For a Switched System with general dynamics, the explicit calculation of Xiq is
undecidable ; however, it can be inner-approximated.
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denoted byΨ( · ; x, τ, q), then the state-time sets can be inductively represented by

X0
q = QE

(
∃δ ≥ 0,

(
ϕ2[(x, t)=(Ψ(t+ δ; x, t, q), t+ δ)] ∧ (t+ δ ∈ I)

)
(1)

∧
(
∀0 ≤ h ≤ δ, ϕ1[(x, t)=(Ψ(t+ h; x, t, q), t+ h)]

))
Xiq =

∨
q′ ̸=q

QE
(
∃δ ≥ 0,

(
Xi−1
q′ [(x, t)=(Ψ(t+ δ; x, t, q), t+ δ)]

)
(2)

∧
(
∀0 ≤ h ≤ δ, ϕ1[(x, t)=(Ψ(t+ h; x, t, q), t+ h)]

))
for any q ∈ Q and any i ∈ N.

For a Switched System with constant dynamics, Xiq can be explicitly calculated in
polynomial time

For a Switched System with general dynamics, the explicit calculation of Xiq is
undecidable ; however, it can be inner-approximated.
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Theoretical Guarantee

Theoretical Guarantee

This method is sound :
Φ = (Q, F, Init, π) ⊨ φ

This method is relatively complete for constant dynamics system :

For any x ∈ Rn, if x can be driven to satisfy φwith some controller π, then there
exists k ∈ N, such that the initial set of the synthesized switched system contains
x.

The controller synthesized features minimal switching property for constant
dynamics :

For any x0 ∈ Init, there does not exists any controller π′, that can drive x0 to
satisfy φwith switching time less than π(x0).
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Experimental Results

Experimental Results

For constant
dynamics system :

Efficiency∝ ndim,
nmode, and
complexity of ST-RA
formulas,

For non-constant
dynamics system :

Efficiency∝ ndim and
nmode,
Efficiency ̸∝
complexity of ST-RA
formulas
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Summary

Summary

Contribution :
This work presents for the first time a method for generating hybrid system switching
controllers under STL constraints and implements a prototype.
The proposed algorithm in this work is theoretically guaranteed to be sound, relatively
complete, and minimally switching.

Future Work :
Enlarge the range of STL specification under consideration : nested STL formulas
Generalize the hybrid system under consideration : stochastic, delay

; Su, Feng, S. Zhan, N. Zhan : Switching Controller Synthesis for Hybrid Systems Against STL Formulas. FM ’24.
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