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From a brown field area to a sustainable city district 
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Smart Grid in the Stockholm Royal Seaport 



Two Royal Seaport Projects 

• Smart grid communications over 4G LTE 
– Can power grid control loops be closed over the mobile 

communication infrastructure?  

 

 

• Appliance scheduling and storage in smart buildings 
– Control architecture and mechanisms for demand-response 

 

 

 



From Centralized to Distributed Control 



Example 

Langbort & Delvenne, 2010 



Distributed Control with  
Limited Model Information 
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Control Design Method 
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Assumptions   

is a set of diagonal matrices 

is a complete graph 



Motivating HVAC Example 

Plant graph 



Competitive Ratio and Dominance 

The competitive ratio of a control design method    

     dominates another control design method        if  

Langbort & Delvenne, 2011 



Deadbeat Control 

The control design for subsystem i depends only on subsystem i’s controller gains:    

= 

Lemma  Suppose           contains no isolated node. Then, 

The performance of the deadbeat control design method is at most                     times  
the performance of the optimal control design method as   

The deadbeat control design method                                                     is    



Cheap Control 

is 

For the performance metric  

the competitive ratio    

Hence, as                         goes to zero, the LQ controller converges to deadbeat.   



Competitive Ratio 

Theorem  Suppose          has no isolated node,       is a complete graph, and 

and        is totally disconnected. Then, the competitive ratio of   
any control design method              satisfies   
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Deadbeat is Undominated 

Theorem  Suppose          has no isolated node,       is a complete graph, and 

and        is totally disconnected. Then, deadbeat is undominated   
if and only if          has no sink 
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If          has one or more sinks, then the control method should be modified 

to do “local optimal control” for each sink and deadbeat for the other nodes. 



Influence of Design Information 

Theorem  Suppose          and         are complete graphs. If                       then 

Achieving a better competitive ratio than the deadbeat design strategy requires  
each subsystem to have full knowledge of the plant model in the design of 
each subcontroller. 



Servomechanism Design 
Extensions to plant with disturbance: 

Deadbeat controller with deadbeat observer 

Corresponds to PI control for step disturbance (D=I) 



• Smart energy systems often lead to distributed control 
problems with limited information exchange 

• Considered the role of plant model information  

• Achievable performance in terms of competitive ratio can 
be derived for certain cases 

• Provides insights on control 

 information topologies  

 (not necessarily design) 

 

 

Conclusions 

http://www.ee.kth.se/~kallej 
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