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Abstract: b EHIE R

ASCAEF R
Reactive power optimization considering voltage stability is a nonlinear constrained multi-objective
optimization problem, in which both reduction of active power loss and improvement of static voltage sl g

stability are considered. A self-adaptive multi-objective differential evolution (SAMODE) algorithm is
proposed to solve the multi-objective reactive power optimization problem. The non-dominated sorting
and crowded distance sorting are embedded into the searching mechanism of differential evolution to
implement the selection operation, thus the uniform distribution of non-dominated solutions can be
ensured and the algorithm can converge to the Pareto front rapidly; to improve the robustness of the
algorithm, the self-adaptive adjusting control parameters is introduced into the algorithm to avoid the
tedious process of choosing suitable control parameters. The reactive power optimization by the
SAMODE algorithm is performed on IEEE 30-bus system, and the effectiveness and superiority of the
proposed algorithm are verified by comparing the obtained simulation results with the calculation
results of non-dominated sorting genetic algorithm Il (NSGA-I1).

Keywords: reactive power optimization voltage stability multi-objective differential
evolution self-adaptive

s H#A 2010-10-08 &[5 H # 2010-11-16 M %% i & A7 H #§ 2011-08-09
DOI:
HETH:

[ %863t A K41 H (2008AA052216);  [H 5K H AR R4 54T H (51007022, 50877026).
& RAE O

TEH RN

fE& Email: qiuwei880105@163.com

2% K-

[1] XIWA, e, B4R, KSR A MY, dbat: BR# AL, 2010: 38-42. [2] B&5¥, Lail
L, ¥LLk. BESIEER N RELIAF N AR]. FEEN TSR, 1995, 15(5): 347-353. Ma
Jintao, LaiL L, Yang Yihan. Application of genetic algorithms in reactive power optimization[J].
Proceedings of the CSEE, 1995, 15(5): 347-353(in Chinese). [3] #h4#ff, (5%, KH%E, 5. GEH



ERHAER N RGETDACF N H]. BMEAR, 2004, 28(3): 16-19. Zhong Hongmei, Ren Zhen,
Zhang Yongjun, et al. Immune algorithm and its application in power system reactive power
optimization[J]. Power System Technology, 2004, 28(3): 16-19(in Chinese). [4] k3, XIEH. HiE
INRL SRR S M A TC D A T NI [9]. HLM R, 2006, 30(8): 19-24. Zhang Wen, Liu Yutian.
Adaptive particle swarm optimization and its application in reactive power optimization[J]. Power
System Technology, 2006, 30(8): 19-24(in Chinese). [5] BFA, kR4, bk, 2. HENZEHEE
WHEAE R R T ALF N H[I]. BMEAR, 2010, 34(6): 169-174. Zhao Shuben, Zhang
Fusheng, Zhong Jiyou, et al. An adaptive differential evolution algorithm and its application in
reactive power optimization of power system[J]. Power System Technology, 2010, 34(6): 169-174(in
Chinese). [6] &0, XBEEAE, VEKZL. JET ok FRESEN L RELADN]. BIWEAR, 2008, 32
(24): 55-59. Lu Zhongyan, Deng Jixiang, Wang Yonghong. Reactive power optimization based on
particle swarm optimization algorithm with immunity[J]. Power System Technology, 2008, 32(24):
55-59(in Chinese). [7] i, Pz, IMEZR, 5. HURGHEISAEHHEPIRL]. BMEAR, 2010, 34
(4): 24-29. Tang Yong, Zhong Wuzhi, Sun Huadong, et al. Study on mechanism of power system
voltage stability[J]. Power System Technology, 2010, 34(4): 24-29(in Chinese). [8] Nakawiro W,
Erlich 1. A hybrid method for voltage stability constrained optimal reactive power dispatch
[C]//Proceedings of IEEE Power and Energy Society General Meeting. Minneapolis, USA: IEEE,

2010: 1-8. [9] Devaraj D, Roselyn J P. Genetic algorithm based reactive power dispatch for voltage
stability improvement[J]. International Journal of Electrical Power & Energy Systems, 2010, 32(10):
1151-1156. [10] XM, 5. o KES B ERE AR MR, RS Ak, 2005, 29
(5): 21-25. Liu Mingbo, Yang Yong. Optimal reactive power planning incorporating steady state
voltage stability constraints[J]. Automation of Electric Power Systems, 2005, 29(5): 21-25(in
Chinese). [11] BRWRAE, 5K, AUR. JEToladbsi e N s SRR s 2 H ARG DU 3], HIHCR,
2009, 33(13): 27-31. Qiu Xiaoyan, Zhang Zijian, Li Xingyuan. Multi-objective reactive power
optimization based on improved genetic-interior point algorithm[J]. Power System Technology, 2009,
33(13): 27-31(in Chinese). [12] XIi&Z:, BR4ise, 47, 5. BT HENERER TRANLEER R RS
% b BIeA[I]. MR, 2009, 33(13): 48-53. Liu Shukui, Chen Weirong, Li Qi, et al. Power
system multi-objective reactive power optimization based on adaptive focusing particle swarm
optimization algorithm[J]. Power System Technology, 2009, 33(13): 48-53(in Chinese). [13] E#},
HRE K. HER e RE L HER LItk 0], B RS A3k, 1999, 23(3): 31-34. Wang
Qin, Fang Gefei. Multi-objective reactive power optimization considering voltage stability[J].
Automation of Electric Power Systems, 1999, 23(3): 31-34(in Chinese). [14] Z&5iE, KIKZE. Pk
BRI AR 2 H s R DA R N I [3]. L TEOR%44), 2010, 25(7): 137-143. Li Xinbin, Zhu
Qingjun. Application of improved particle swarm optimization algorithm to multi-objective reactive
power optimization[J]. Transactions of China Electrotechnical Society, 2010, 25(7): 137-143(in
Chinese). [15] Abido M A, Bakhashwain J M. Optimal VAR dispatch using a multiobjective
evolutionary algorithm[J]. International Journal of Electrical Power & Energy Systems, 2005, 27(1):
13-20. [16] &N, 3. AR EPareto L HVE 2 HAs B IAL[I]. mit R, 2007, 33(9):
115-119. Feng Shigang, Ai Qian. Multi-objective reactive power optimization using SPEA2[J]. High
Voltage Engineering, 2007, 33(9): 115-119(in Chinese). [17] /&N, 3. ks S SE0& (1 P 3R 3 e
HEF LSRR 2 HA AL N I [0]. M TR 44k, 2007, 22(12): 146-151. Feng Shigang, Ai
Qian. Application of fast and elitist non-dominated sorting genetic algorithm in multi-objective reactive
power optimization[J]. Transactions of China Electrotechnical Society, 2007, 22(12): 146-151(in
Chinese). [18] fBfRK, FEiiil, Zifh. T REEENZ HAn B[], o E BN TR, 2006,
26(11): 102-108. Xiong Hugang, Cheng Haozhong, Li Hongzhong. Multi-objective reactive power
optimization based on immune algorithm[J]. Proceedings of the CSEE, 2006, 26(11): 102-108(in
Chinese). [19] &4, SMul, ABEM. JE TN B4 ) PR B VPG B I 2 H AR5~ RE SRR FB M o Th Ak
RN ], MR, 2007, 31(19): 41-46. Lou Suhua, Wu Yaowu, Xiong Xinyin. Application of
multi-objective particle swarm optimization algorithm in power system reactive power optimization
based on evaluation of distance in fitness space [J]. Power System Technology, 2007, 31(19): 41-46
(in Chinese). [20] X, 2, macff, &8, 2 HARTCIDOUALI ) BP0 G R RERE ] T E LT
24, 2008, 28(31): 22-28. LiulJia, Li Dan, Gao Liqun, et al. Vector evaluated adaptive particle
swarm optimization algorithm for multi-objective reactive power optimization[J]. Proceedings of the
CSEE, 2008, 28(31): 22-28(in Chinese). [21] Kessel P, Glavitsch H. Estimating the voltage stability
of a power system[J]. IEEE Transactions on Power Delivery, 1986, 1(3): 346-354. [22] W%EA, &
Weg%, Taol. FHRSEAR T ER eI, BWER, 1999, 23(1): 45-49. Jia
Hongjie, Yu Yixin, Wang Chengshan. An application of local index to on-line monitoring and control of
power system voltage stability[J]. Power System Technology, 1999, 23(1): 45-49(in Chinese). [23]
BRLL, 3. B R E AR B AR [I]. BMECR, 2006, 30(16): 29-34. Gu Chenghong, Ai
Qian. Optimal power flow considering voltage stability constraints[J]. Power System Technology,
2006, 30(16): 29-34(in Chinese). [24] Deb K, Pratap A, Agarwal S, et al. A fast and elitist multi-
objective genetic algorithm: NSGA-II[J]. IEEE Transactions on Evolutionary Computation, 2002, 6
(2): 182-197. [25] £, MM, B30, . 2 HAU R AL, BUARNHIMT. dbat: BHEHRR
ft, 2010: 57-60. [26] Hfj, sKEEE, X&. MOBHEVEAER RGP HRNAD]. BACHE ), 2009, 26



(5): 11-17. Qiu Wei, Zhang Jianhua, Liu Nian. Application of differential evolution to power systems
[J]. Modern Electric Power, 2009, 26(5): 11-17(in Chinese). [27] Robi? T, Filipi? B. DEMO:

Differential evolution for multiobjective optimization[C]// Proceedings of 3rd international conference
on evolutionary multi-criterion optimization (EMO). Heidelberg, Germany: Springer, 2005: 520-

533. [28] )AL ST, EEE, 5F. BT AENIES ZE AR R ) R G R BRI 9]
M F AR, 2009, 33(13): 32-36. Lu Youlin, Zhou Jianzhong, Qin Hui, et al. Short-term scheduling
optimization for hydro-thermal power systems based on adaptive hybrid differential evolution algorithm
[J]. Power System Technology, 2009, 33(13): 32-36(in Chinese). [29] ZEF¥k, Bk, £ Hirikk
LRI W R 6 LA BT 3] TP S L DR %44, 2010, 30(10): 57-65. Li Zhihuan, Duan
Xianzhong. Comparison and analysis of multiobjective evolutionary algorithm for reactive power
optimization [J]. Proceedings of the CSEE, 2010, 30(10): 57-65(in Chinese).

AT R E

1. R M B S aas R R E Hopfor 2 s i i [3]. M AR, 2009,33(17): 91-95

2. WAhE A AR IR T T IX A () dne /N e R AR SRk AR U7 VR[], TR, 2009,33(17): 119-123

3. B, BhEE, HONUE, BOkE.Ral AR vk B AR R AR DA TP I R R [3]. R EEAR,
2006,30(4): 16-20

4. B XKL IRME. TR R T BRI 2 I B R IAG[I]. MR, 2009,33(8): 72-77

5. A ARF =1 W] WS — 1 TR 5 P9 []. M ER, 2009,33(8): 98-103

6. IMEZR, W7 M, DY ARG R e XS0 ISR VEI]. mMEAR, 2006,30(17): 31-35

7. BOEE W Bk ZRNOR URAENS LGN L S A AT RESSBERIRIF R[], MBI AR, 2009,33(7):
47-54

8. BEIT UMM Mg MR %E MoE g KR R AR RS A AT VA LA [9]. MR, 2009,33(9): 44-
51

9. g W WRAENS UNEEE S ORI ALP 1A R RR R T T A B AR R AN T[] BB,
2008,32(18): 41-46

10. fk/NE Bl ST ZAgent REN ) KRG TEILAETIL]. iR, 2008,32(26): 146-149

11. ZFEEES BN RN ST o N BB SR I R L A E TR [T]. FM AR, 2009,33(4): 34-
37

12. XSCHE SR RS0tk Nk FRERK AR LR A R AR w TV S i R SE[]. MBI, 2008,32
(17): 6-11

13. AR WIS S BE I RTCSCHyW R R E R BUS Hatr v A [3]. ik, 2008,32(17): 12-
16

14. XidZE WRYEs R K SKEEE SETRNUR AR TSR ) RG], MR,
2008,32(26): 8-11

15. PRI T TR TS DR WA R R B L T ZE 7 i Bl A R AR MR IRV [J] R
K, 2008,32(3): 79-83

Copyright by FLM# A



