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Fig.1 Partitioning graph of the restoration
subsystems
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A New Algorithm for Restoration Subsystem Division Based on Community Structure
of Complex Network Theory

LIN Zhenzhi, WEN Fushuan, ZHOU Hao
(Zhejiang University, Hangzhou 310027, China)

Abstract: The bottom-up strategy is one of the most important and indispensable restoration approaches for ensuring fast power
supply restoration to end users. Reasonably dividing restoration subsystems is an essential step for speeding up the restoration
procedure with the bottom-up strategy. Based on the community structure of the complex network theory, a new algorithm for
dividing restoration subsystems is proposed. The locations of black-start units and the characteristics of the power grid are
taken into account in the algorithm. Then, the modularity index is employed to evaluate the rationality of the division results,
and the sequence of interconnecting the subsystems could be determined according to the sequence that every subsystem
separates from the system in the divisive process. Some problems existing in the traditional methods, such as how to evaluate
the rationality of the dividing results and how to sequentially interconnect the subsystems, could be solved by using the
proposed algorithm. Finally, the New England 10-unit 39-bus system is employed to illustrate the essential features of the
proposed algorithm.

This work is supported by the Program for New Century Excellent Talents in University of China (No. NCET-04-0818).

Key words: power system restoration; division of restoration subsystem; complex network theory; community structure;

modularity index
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Fig. A1 New England 10-machine 39-bus power system
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Table A1 Combination of the buses in black-start paths

R IS IR Y RS
1 6, 10, 11, 31, 32 32
2 19, 20, 33, 34 33

3 2, 25, 30, 37 37
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Table A2 Results of edge betweenness

% % i A

1K %2 593K 54K
1-37' 106.334 98.400 71.400 198
1-39 73 65.066 56.066 200
37-3 146 246.466 120.466 73
3726 149.666 210.200 129.200 145
3-4 140.334 336.934 147.934 % k&
3-18 89.666 105.800 60.800 45
4-5 145.834 158.434 95.434 61
4-14 132.500 332.500 62.500 33
5-32' 52.334 56.466 56.466 50
5-8 87.834 96.300 51.300 119
327 45.834 45.300 27.300 49
32-12 21.500 23.500 23.500 33
3213 54.666 52 16 36
7-8 30.500 31.034 31.034 67
8-9 68.334 76.400 49.400 192
9-39 51 59.066 50.066 198
12-13 34.500 32.500 14.500 5
13-14 117.166 112.500 40.500 11
14-15 184.666 360 % B % k&
15-16 188.666 336 16 16
16-17 204.666 % B % B % K&
16-33' 56 56 16 16
16-21 140 140 20 20
16-24 140 140 20 20
17-18 85.666 65.800 38.800 23
17-27 145.666 37.134 28.134 29
21-22 100 100 20 20
22-23 16 16 16 16
22-35 56 56 16 16
23-24 100 100 20 20
23-36 56 56 16 16
2627 133.666 50.200 41.200 57
2628 52 52 34 34
26-29 104 104 68 68
28-29 4 4 4 4
29-38 56 56 38 38
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Fig. A2 The dendrogram and modularity of the community structure
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Table A3 Division of the restoration subsystems

Koy (M7 R4 fEF M4 FEI R4 EERZ iR GRS RRIIES
Gl 7 BWENH RS BWEMH RS (MW) (MW)
4, 5, 79, 4~14, 31,
1 2995.55 2377.50
12~14, 32, 39 32, 39
15, 16, 21~24, 15, 16,
2 2750.00 2159.10
33", 35, 36 19~24, 33~36
1, 3, 17, 18, 1~3, 17, 18,
3 1920.00 1613.50

26~29, 37, 38 25~30, 37, 38




