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Issues
• Hardware-software co-design
• Device placement and control

– Decentralized
– Steady-state
– Dynamic

• Cyber security
• Reliability
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FACTS Power System Model

FACTS Power 
System

num_generators
num_lines

num_FACTS
num_buses
total_power

supply_power()
reconfigure()

run_FACTS_placement()

Voltage stability, no 
overloads, flow balance, 

availability

Service 
Provider
(Utility)

provides
initiates

Contin-
gency

type
name
cause

affects : Event

E
ve

nt
 R

ec
ep

to
r

controls : Event

Attributes

Methods

Constraints



First Decomposition

FACTS 
Device

manipulates

setpoint

change_setpoint(newSetpoint)
control_power_line()
reconfigure()

flow balance

Neighbors limits, monitors

places

Placement

locations

compute_locations()

Placement is optimized

Power Transmission 
System

flows
capacities
generations
loads

AG[For each line
-capacity <= flow <= capacity
{checked by FACTS}]
------------------------------
AG[For each bus
sum of lines.flow is 0.
{checked by FACTS}]
------------------------------
AG[For each load
load is greater than or equal to 0.
{checked by FACTS}]

supply_power()

affects : Event

uses

provides

initiates

affects :
Event

senses

E
ve

nt
 R

ec
ep

to
r

FACTS 
Device

Power Transmission 
System

Placement 
AlgorithmG

G

 
  

  
 

 
  

 

 

 

 

 

 

 

ys ca  p e

Hardware: physical 
buses & lines

  
 

Simulated
Power
system



Unified Power Flow Controller 
(UPFC) FACTS
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Simulated Power Transmission System

Simulation Engine
(Load Flow) HIL Line
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Manual power flow 
control

Manual power flow 
control

Placement for steady-
state performance

Placement for 
dynamic performance

Long term control 
(MF & SQP)

agent based long 
term control

Line overload 
cascading failure 

scenarios

dynamic cascading 
failure scenarios

Closed-loop long 
term control 

Cascading failure 
scenarios

Closed loop 
dynamic control

Closed loop multi-
device

Dynamic nonlinear 
control

Visualization

pr
ev

io
us

 w
or

k



IEEE 118 Bus Test System



Manual Power Flow Control
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Closed-loop long term control

• Which placements and settings yield the 
lowest PI over all possible contingencies?

Performance Index
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Si
max – Rating of the line

SLC – Single Line Contingency

PI distributes line loadings as higher loadings 
incur heavier penalties than lower loadings
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Seed Physical and Logical 
Intrusions

• Assertions describe the correctness of the 
control algorithms

• Software and hardware errors will be 
seeded into the FACTS network and the 
fault tolerance will be reported 

• This behavior will be used to develop 
security policies for FACTS power 
systems 
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