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Introduction

Power System Design Problems

Large number of variables (5,000) and constraints (10,000)
Nonlinear and non-differentiable
Multiple local minima

Numerical methods unreliable under high loads and faults



Power Flow Problem




Power Flow Problem

30-Bus System

Bus voltage magnitude and phase angle vectors:
V=(V,V,,...Vy), 0=(6,6,,....0,)

60 unknowns

BuS i P(V,0)=V, >V,(G,cos(6;) - Bysin(6;)) 30x2 = 60
2 Constraint sy J&Ns mmmp Constraint
Eqgs Q (V,0)=V; >V, (G;sin(6;) - B, cos(6;)) Eqgs

jeN,



Power Flow Problem

Cost Function = Power / Voltage Mismatch (Ideally = 0)

A =|Estimated — Specified| AP =|P* — P
/" \ \ AQ, =[Q - Q7
Numerically Heuristically Design AV = Viest VP

|87 (V0) 4 8 (V0)+4, 4V (V)

ieGen 1ePQ iePV



Simulation

IEEE 30-Bus
Each Chromosome/Island - 60 genes

(V, Vs, Vg, 6,6, 6y
\VARVARVARVARVR ey = NCYs

Population = 100
Generations = 100
Monte Carlo Trials = 1000
Probability of Mutation = 0.001



Simulation

Heuristic Crossover for GA

a~U(0,1)
Child = Best Parent + o ( Best Parent — Worst Parent)

VWOKSH Balent



Simulation

Migration Scheme for BBO

Immigration and Emigration:
Probabilistically determined by lambda, mu, and fitness
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Simulation

Non-Uniform Mutation for GA and BBO

4]

1 a ~
J\b.
]

f(G)=(1-G/Gmax)’
a'=g-f(G)(g-a)
b'=g+ f(G)(b-0)
g'=a+a(b-a')

U (0,1)
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Simulation

GA and BBO Performance

cost = cost (individual, generation, trial )

AveCost(gen) = ave(

trials

ave| cost (ind, gen, trial )])

ind




Cost

Average Cost

Simulation

GA and BBO Average Costs
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MC Trials = 700
Final GA Ave =113 |[------4
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Conclusion

BBO performs better than GA on Power Flow problem
First application of BBO to engineering problem

Not restricted to differentiable system equations

Need statistical significance of result

Need to apply to more difficult Optimal Power Flow problem
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