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Recent Results: Overall Objective: 
• Scalability of formal methods for synthesis of 
provably-correct controllers 

• Development of abstraction techniques that 
lift CPS design problem to synthesis problem 
on discrete state system 

• Combination of control and fault diagnosis to 
ensure resilience and adaptivity 

• Consideration of the distributed features of 
the system at synthesis step and at 
implementation step 
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•  Synthesis of Sensor Activation Policy 
Ø  We leverage the IS-based approach to solve the  
      sensor activation problem 

Ø  Both centralized and decentralized synthesis problem 

Ø  Problem Considered:  
      decentralized state disambiguation problem,  
      e.g., decentralized control, 
      fault diagnosis, fault prognosis 

Ø  Person-by-person approach:  
      solve a set of constrained  
      minimization problems 

  

Project Website:  
https://wiki.eecs.umich.edu/complexcps/ 

 
•  Controller Synthesis 
Ø  A uniform information-state-based approach: synthesis 

based on two-player game; bipartite transition systems 
(BTS)  

Ø  Properties Considered:  
      safety, opacity, diagnosability, attractability, etc.  

Ø  Two stages when solving game: first enforce IS-based 
property, then enforce non-blockingness 

Ø  Range control problem: minimal behavior guaranteed 

Ø  Software: DPO-SYNT 
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•  Scalable Abstraction Algorithms 
Ø  Structural properties: large # of systems, small # of 

classes; counting constraints (sufficiently many/not too 
many); identity of individual systems is not important 

Ø  An abstraction-based control synthesis method that  

Ø  exploits symmetry (permutation invariance) in dynamics 
and specifications 

Ø  works across scales (10 to 10K or more systems) 

Ø  Several applications: scheduling thermostatically 
controlled loads, multi-agent system coordination 

 

 

Ø  Simulation equivalence instead of bisimulation 

Ø  Overlapping partitions: hierarchical by construction, 
convexity preserving, improved termination guarantees 

  

Abstraction 
Continuous à Discrete 

Control Synthesis 
DES 

Active Diagnosis 
DES 

Solu1on'strategy'

18'

Solu1on'strategy:'from'a'given'iniMal'state,'steer'the'system,'while'
respecMng'the'constraints,'to'a'nice'state'from'which'a'periodic'input'
suffices.'
•  Prefix:'for'a'fixed'horizon'T,'given'iniMal'state,'we'will'steer'the'

state'at'Mme'T'to'“nice”'cycles'
•  Suffix:'let'individual'systems'circulate'in'the'cycles'
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Results'on'TCLs'
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Example 2: TCL’s

Allowed more flexibility in prefix part

Lower mode-count:

0 2 4 6 8 10
t

21.0
21.5
22.0
22.5
23.0
23.5
24.0

�

Higher mode-count:
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t

21.0
21.5
22.0
22.5
23.0
23.5
24.0

�
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✓̇i = �a(✓i � ✓a)� bPm

N'='10000'units''
'
10000LD'stateLspace'with'
210000'modes!'

✓ :room temperature

✓a :ambient temperature

local safety

✓i 2 [21.5, 23.5]

Pm = 5.6 when ON

Pm = 0 when OFF

Two'different'runs'with'different'modeLcounMng'
constraints'(also'stricter'constraints'at'the'suffix)'

Parameters'from'Mathieu,'Koch,'Callaway,'IEEE'Trans.'on'Power'Systems,'2013'

Introduction
Contribution

Summary

Motivating Problem
Mode-Counting Problem Statement

Thermostatically Controlled Load (TCL) Scheduling I

A TCL can be on or off

State constraint: Each TCL should maintain temperature
within a desired temperature range

Specification: Aggregate electricity consumption should be
controlled over time

The flexibility in individual specifications can be leveraged to
control aggregate demand to for instance mitigate fluctuations

Utility

Other demand

Previous work on TCL scheduling does not provide guarantees
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10000 TCL units,  
each with 2 modes: 

✓̇i = �a(✓i � ✓a)� bPm


