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Tab.1 Multiobjective grid evolutionary algorithm

3
Jio

MGEA

procedure MGEA

1

2 Initialization()

3 pop=CreateGrid()

4 Pareto_front=CreateFront( )

5  while (! termination_condition) do

6 for 1 to popSize do

7 neighbors = GetNeighborhood (position (individual ) , pop)
8 parents = Selection (neighbors )

9 offspring = Crossover (parents, P,)

10 Mutation (offspring, P,,)

11 Evaluate (offspring)

12 Insert(position (individual ) , offspring , aux_pop)
13 InsertParetoFront (offspring, Pareto_front )

14 end for

15 Feedback (Pareto_front , aux_pop)

16 pop =aux_pop

17 end while

18  end procedure
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Fig.1 Evolutionary process of one generation population
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Tab.2 Procedure of solution evaluation
fifE DA 3

procedure evaluate (Solution solution )

b
N

Initialization ()

variables = GetVariables (solution )

modified_variables = ModifyVariablesIfNecessary (variables )
SaveModified VariablesToSolution (modified_variables , solution )
Topologyldentification ()

PowerFlowCalculation ()

ComputeObjectives ()

O 0 N A R W N =

ComputeConstraints ()

—_
=]

SaveObjectivesAndConstraintsToSolution ()

—_
—_

end procedure

VRS 2 A b X E S H bR A R 2 o5 T (R
T IR G B AT W) i Ak . AT 528 solution
rh I S T variables (58 3 17) . &5 A 55hs  ##%
IR 3 506 variables #EA TR . #4547 B BE D5 X
Sl 5 BB B 5 P U A I R A SR IR

Operator

i #parameters : HashMap

# parameters : HashMap

+addOperator (String name , Operator operator ) : void
+ getOperator (String name ) : Operator
+ setParameter(String name, Object object ) : void
+ getParameter(String name ) ;: Object

% | +setParameter(String name, Object value) :void
+ getParameter (String name ) ;: Object
+execute (Object object) : Object

fts
+execute () : SolutionSet b TE* SolutionSet
Problem +size( ) :int
+add (Solution solution) :void
+evaluate (Solution solution) : void -i—vremove'(vmt p 051[1'0n) :de_ .
= +replace(int position, Solution solution) : void
i | p.
* l@ &
SolutionType —Y
HA Solution

+create Variables() : Variable [ ]
=2

Variable

—variables: Variable[ ]
—objectives :double[ ]
—constraints : double[ ]

di- M|t setVariables(Variable[ ] variables_) :void

1+ +setObjective(int obj,double value) :void

+setConstraint (int con,double value) :void
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Fig.3 Base class diagram of shipboard power network reconfiguration
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Tab.3 Procedure of shipboard power
network reconfiguration

AL A P o T A e A
procedure MgeaNR

3
Jo

Initialization ()

population = ExecuteAlgorithm ()

LogExecuteTime ()
PrintObjectivesAndVariablesToFile (population, path )
LogPathAndFileName (path)

front = GetParetoFront (population )

hypervolume = CalculateHypervolume (front )

O 0 N A R W N =

LogPerformanceMetric (hypervolume )

(=]

end procedure
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Fig.4 Hypervolume calculation in 2-dimensional

objective space
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Fig.5 Hypervolume calculation in 3-dimensional
objective space
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Tab.4 Operator and parameter settings of
three algorithms

kR E NSGA-TI SPEA2 MGEA
VT bR Uk RS e
AR P, 0.85 0.85 0.85
WRETF  HARNAESR HEARMAS AN
R P, 0.15 0.15 0.15
BRI G, 250 250 250
FhHERLAL S, 100 100 100
PR/ S, — 100 100

99 & R/ — — 10X 10
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SRAEL S, — — 20
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Tab.5 Disconnected lines in case 1-3
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T FF 2k 6 2 2.4 6.11
NSGA-T 22 H Deb K 7E 2002 4F £ i 1 —Ff
BE T AR S HE R RORS S SR m it 2 B bR i LR
i, SPEA2UZHH Zitzler E 7E 2001 4F £ i (1) —F
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PEBE TS50, 2 6 FIR 7 43002 3 RhARTA M
SLABAT 30 WK AS 2 (32 47 I 18] AR AR R EE bR G 48 T
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Tab.6 Statistical analysis of calculation time
for three methods

i NSGA- I SPEA2 MGEA
M/s  I/s  MJ/s  I/s MJs /s
1 5.6720 0.1950 28.5545 0.4220 3.3045 0.0550
2 5.5390 0.2890 30.7730 0.2735 3.3125 0.0940
3 5.4840 0.1100 19.0075 0.1795 3.4375 0.0705

x 7 3 MEEBEREBRNE TS W
Tab.7 Statistical analysis of hypervolume metric
for three methods

5 451 NSGA- 11 SPEA2 MGEA
M,/s 1,/s M/s I,/s M/s 1,/s
1 65330.822 400.275 65572.899 0 64239.643 761.326
2 57755.565 105.48558290.215 0 58307.075 230.452
3 35460.179 103.702 35479.766 0 35081.350 57.330
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Tab.8 Computational results of case 1-3 under different preference relations

{5 X SH(X)/kW L(X)/kW S(X) J1(X)
P P P P P P P, P P
1 100LIILIITITIITT 10T LITTITITI0l 0 917928 1382787 0.0866 0.0866 3 1
2 100011TTITTTLITT 101011101 44.1 441 835731 1239006 0.0918 00918 3 1
3 1110111101111 1110111101111 0 629513 629513 0.0866 0.0866 2 2
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Object-oriented reconfiguration of shipboard power network

using multi-objective grid evolutionary algorithm
JIANG Yanjun'?,JIANG Jianguo',ZHANG Yuhua'
(1. Key Laboratory of Control of Power Transmission and Conversion,Ministry of Education,Shanghai Jiao Tong
University, Shanghai 200240, China;2. School of Information Science and Technology,
Zhejiang Shuren University , Hangzhou 310015, China)
Abstract: With the consideration of out-of-service loads,network active power loss,line load distribution
imbalance and switch operation times,a reconfiguration model of shipboard power network is built. An
object-oriented intelligent reconfiguration approach based on the multi-objective grid evolutionary algorithm is
proposed for shipboard power network,which takes the grid as a carrier,carries out the selection,crossover
and mutation in the neighborhood range and adopts the elitist strategy. Without affecting the global
optimality of solution,its execution time is greatly reduced. A public base platform is formed by extracting
the common attributes and operations from different Pareto-based reconfiguration algorithms. The calculation
method of hypervolume metric is improved to realize the fair comparison among different algorithms. Case
analysis shows that,the proposed approach is better than NSGA-II and SPEA2 in the tendency and
distribution degree of obtained solution set,as well as the calculation time.
Key words: network reconfiguration; multi-objective grid evolutionary algorithm; Pareto optimality;
hypervolume; shipboard power network; evolutionary algorithms
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Methodology of transient simulation in time domain for DG and microgrid(2):

modeling ,design and implementation
LI Peng',WANG Chengshan' , HUANG Bibin*, GAO Fei’,DING Chengdi',YU Hao'

(1. Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China;
2. State Grid Energy Research Institute,Beijing 100052, China;
3. China Electric Power Research Institute,Beijing 100192, China)

Abstract: The components of DG and microgrid are analyzed in detail and the requirements of modeling
for transient simulation in general applications are introduced. The modeling method for various DG units is
emphasized ,based on which,the object-oriented concept is adopted in the design and implementation of the
transient simulation program for DG and microgrid. The hierarchical design is applied to clarify the
relationship among computation resource,simulation calculation and advanced application. The detailed
design of objects and interfaces reduces the program coupling and enhances as well the cohesiveness of
objects and the reusability of algorithms. The program supports the capabilities of modeling and computation
at the circuit and element level,which can be easily extended to different simulation scenarios.

Key words: distributed power generation; microgrid; transient simulation; time domain; model buildings;

object-oriented design; interface



