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Intro 
 Many real‐world network systems (electric power grids, coupled 

robo9c systems, biological systems) are becoming more strongly 
coupled than in the past; coupling is both temporal and spa9al  

 A basic ques9on: Can  coupling can be used for systema9c design of 
coopera9ve control?  

 Can’t apply SSP modeling for near‐op9mal composite control 
design (temporal simplifica9ons)  

 Cant apply NSSP modeling for spa9al simplifica9ons 

 Relevant because of implica9ons on complexity and performance 
of control/communica9on designs  

 Poten9al of controllers in the nodal components of the network, as 
well as poten9al of fast switched control of its branch components 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Problem descripRon 
  Three controllers (governor,  
Exciter and FACTS) 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 Three controllers (Fp, Fc,  
and controllable inerter)  



Modeling quesRons for plug‐and‐play control design 

 Control problem—strong coupling of modules 
A and B; MIMO design so that  

 1) pendulum is synchronized; 2) states and 
control within the pre‐specified limits 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Mechanical system modeling opRons 

 2 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 Acceleration as the coupling (interaction) variable of modules A and B 



Stored energy and rate of change of stored energy  coupling 
(interacRon) variable—new state space 

 INI 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Zoom-out layer in  
terms of 
Interaction variables 

Internal dynamics module A  



Comparison of modular models  
 Accelera9on as an interac9on variable works w/o 

assump9ons if actuator dynamics are neglected; otherwise, 
projec9on of centrifugal force effect on M2 needs to be 
ignored; conjecture—if dynamics of actuator accounted for 
only stabiliza9on around stable pendulum posi9on possible; 
also accelera9on must be communicated, hard to do 

 When stored energy and rate of stored energy used as 
coupling (interac9on) variables –no approxima9ons needed; 
can stabilize around inverted pendulum (Furuta, Astrom) 

   only local power measurement  needed, completely 
decentralized 

  It is possible to specify interac9ons over several 9me horizons
—important for complex networks 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Open problem 
 Extend nonlinear control design to mul9‐layered 
strongly coupled complex networks.  

 Provable performance precludes solu9ons in which 
posi9on  changes in an unbounded way 

 New problem, when assump9ons are not made 
(accelera9on ideal input)  

 Mo9va9on‐‐‐ func9onal specifica9ons for 
interconnected smart grids with lots of fast power 
electronics switching; micro‐grids; systems with wind 
power plants and delivery power electronically 
controlled to increase dellivery 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