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Increasing complexity

* VMS systems designed for
verification

* Need structure to allow verification
tools to be applied

* Synthesizing “correct-by-
construction” design protocols
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Electric Power
System

* Generators

* APUs

* External Power
* Batteries

* Buses
* Essential

* Non-essential
* Loads
* Contactors
* Transformers
* Rectifier Units
* Motor Drives

Figure courtesy of Rich Poisson, Hamilton-Sundstrand. Adapted from Honeywell Patent US
7,439,634 B2




Problem Description

* Specifications: text-based to formal language

* Safety
Non-paralleling
Essential loads must be powered

Contactor opening and closing times

* Reliance
.. Priorit Bus1l | Bus2 | Bus3 | Bus 4
Priority Tables 1 . Gr AL AR Gr
2 G G G G
* Performance 3 A T Gr T Cr T 4r
4 AR Ap Arp AL

Probability of failure

Given system specifications, design a control protocol that
ensures the controlled system satisfies the specifications.




Reactive Synthesis

Given:
Open transition system

TS = (Q’ Ia -A»uc’ Aca Rnom)
e () finite set of states,
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e [ C (@ set of initial states, | f

e A, . set of uncontrollable input actions
Assume-guarantee type temporal

e A, set of controllable input actions logic specification
e R.om € Q x A x (@ transition relation O = Pe — Vg
Compute: A strategy f : (qo, €0, %0, ,qi—1,€i—1,Ui—1, i, €) — Us. with

(¢is €iy Uiy Git1) € Ruom, Vi > 0 such that any controlled execution
satisfies the specification.
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Formal Specification and Synthesis
* Linear Temporal Logic per O—O—O—O—O—> -
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Electric Power System

G, A

Q Q & Q

== C,== C.=

C3 c4

c,
a» e |——ea»—|—a»

* Variables
* Environment: G, A, A;, Gi (healthy, unhealthy)
* Controlled: C,- C, (closed, open)
* Dependent: B,- B, (powered, unpowered)

Given any admissible environment actions, determine all sets of
contactor configurations (and transitions) such that system wiill
satisfy all specifications




Formal Specifications |

* Environment Assumption
0{(GL=1) V(AL =1) V (Ar=1) V (Gr=1)}

e Power Status of Buses 1. Directi.on - n.o parallel
O{((C: =1) A (GL=1)) = (B, = 1)} 2. Intention — time
O{((B2=1) A (C3=-1)) = (B1=1)}

O{=((C1=1) A (GL=1))V((B2=1) A (C3=-1)) > (B1=0).}

* No Paralleling of AC Sources
0{=(GL =1) = ~(Cs = 1)} )
O{~(((GL=1) A (Ba=1)V((Bs=1) A (Bz=1))) = ~(Cs=-1)}
O{-((C2=1) A (C3=1))}
O{-((C2=1) A (Cs=-1))}
O{-((C3=1) A (C4=-1))}

* Essential Buses .
O{(B; = 0) — (Ot, =t + 1)} * Disconnect Unhealthy Buses

O{(B1=1) = (Ot1 = 0)} O{(GL = 0) = (C1 = 0)}
HitL <5} (€L =0) A (A =1))  (Go = 1)}



“Simulation”
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Summary/Ongoing Work

Single-line diagram of an electric power system

Converted text-based requirements into formal specification
language

Synthesized central and distributed controllers
* Timing and interface constraints

Implementation of cost function vs. priority tables

Scalability: synthesize for entire system (large-scale)

Better integration with time

* Timed temporal logic
* “On-the-fly” synthesis
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