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Building energy management systems Battery energy management systemsSmart inverters

Aggregators

Distribution system 
energy management at 

multi-level

o Individual control targets
o Temporal and spatial complexity
o High dimension of controllability

Microgrids
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Proactive distribution 
system dispatch using 

PSE
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Predictive State 
Estimation 2: Multi-

kernel Learning

• Multi-Kernel Learning

– Vector-valued function

– Regularized least-squares problem

– Solution
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Predictive State 
Estimation 2: Clustering

• Clustering Method

– Clustering buses according to the electric distance

– Linear approximation of voltage magnitudes

– Similarity metric

– Distance



Simulations

• IEEE 33-bus system

• One PV system at bus 7

• Solar forecasting error

• Load forecasting error

• Kernel learning for PSE



PSE w/o Forecast Error
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Forecast Error – Gaussian 
Distribution

With Forecast Error of PV With Forecast Error of PV and Load



Forecast Error Distribution –
Error within ±10%

Beta Distribution Gamma Distribution



Rayleigh Distribution Weibull Distribution

Forecast Error Distribution –
Error within ±10%



Beta Distribution Gamma Distribution

Forecast Error Distribution –
Error within ±20%



Rayleigh Distribution Weibull Distribution

Forecast Error Distribution –
Error within ±20%
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Conclusion

o Testing results demonstrated the PSE method is robust 
against forecasting errors

o Forecasting error distribution is directly correlated to 
PSE error distribution
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