
Rapid growth of renewable generaƟon introduces highly volaƟle power supply and makes it costly to control the 
power grid purely relying on the current schemes. As a supplement, and enabled by sensing and communicaƟon 
technologies, a tremendous number of intelligent endpoints, such as smart buildings and appliances, electric 
vehicles, storage devices, and inverters, can acƟvely parƟcipate in power system control. A fundamental issue 
on the control of these intelligent endpoints is to design scalable algorithms across a large network of distribut-
ed control knobs. Using an opƟmizaƟon-based approach, and exploiƟng implicit communicaƟon performed by 
the physics of the power network, we design distributed load-side frequency control. The developed controllers 
stabilize frequency, restore frequency to its nominal value, and enforce other operaƟonal constraints, with local 
sensing and moderate communicaƟon between neighboring nodes in the power network. Moreover, stability of 
the closed-loop system is analyzed by decomposing its cyber-physical structure.  
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