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Application of Improved Particle Swarm Optimization Algorithm in Optimal Operation of Reservoir
DING Gerr hong, CAO Werr xiu
(College of Science, H ohat University, N anjing 211100, China)

Abstract: The optimal operation model for flood control of reservoir is a higl dimensional multimodal extremum problem in gerr
eral, and intelligent optimization algorithm is usually used to solve such problems. Particle swarm optimization (PSO) algorithm
is widely used in the optimal operation of reservoir due to its simplicity; however, there are shortcomings in the PSO algorithm
such as premature convergence, low efficiency in global convergence, and deficiency in local search capability. Logistic equation
and mutation operator are introduced to increase the diversity of population and convergence factor is introduced to improve the
convergence rate during the iterative process. The improved PSO algorithm was applied in the optimal operation for flood corr
trol of the Dongzhen Reservoir and Mulanxi Watershed. The resulted showed that the maximum water level is 6. 35 m and the
maximum flow rate is 959. 2 m’/s at the pivotal watercourse. The solutions were much better than that obtained from the pres
ent reservoir control regulations (maximum water level of 6.93 m and maximum flow rate of 1 139. 5 m*/s) and that determined
by the standard PSO algorithm ( maximum water level of 6.51 m and maximum flow rate of 1 066.3 m3/s).
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Fig. 1 Schematic diagram of the dow nstream section of Mulanxi River
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Fig. 2 Reservoir scheduling process under the present dispatching rule
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Fig.3 Reservoir scheduling process obtained
from the standard PSO algorithm

4
Fig. 4 Reservoir scheduling process obtained

from the improved PSO algorithm
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Fig.5 Comparison of the water levels and flow rates at section

A10 obtained from three different scheduling schemes
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Table 1 Comparison of the operation results at section A 10

obtained from the present scheduling rules,

standard PSO algorithm, and improved PSO algorithm

A4 F #0) KA/ m KRR (m3 e s)
TRAT 8 55 R0 6.93 1139.5
" RURL T R 6.51 1066. 3
VR R 6.35 959.2

S, KL RN Ui i Rk UL 92 L 1R sl R A
Ko R CHERL 3 HEST VRN T 7K BT PO AE 2 BoA
T PR R FH T

3

R SCHRE I SRR 1 RE SRS B AR IK B R 24
TR B R AL T v, A5 B K R R RS A10 Ab B Rk
74 6. 35 m, S KIREHN 959.2 m3/s, %45 B 0] AL TRH
BUAT K P B 7 ST A3 3 1 A10 Kb dst i 7K A7 6. 93 m LA K gt
K 1139.5 m*/ s, AR TR H LR T IE IR ) &
TS 2 A 10 kb Bk A7 6. 51 m BLK B K 1 066. 3
w’ /s, R W SHERL 7 E ST VR AE JK 2 B R B R AR G
F, 7840 R T SR RS R M A

(References) :

(1] B, BKLT, WA, 5. PO 23 B i [ A ARIE SR A
JEHL( O ) =BT JCREE[J]. AR K F ¥R, 2012, (5): 815.
(M AO Dehua, QIU Yonghong, XIE Shi, et al. Review and
Prospect of Research on Flooding Risk Analysis at Home and
Abroad (0 ): Research Prospect[J]. Journal of Natural Disas
ters, 2012, (5): & 15. (in Chinese))

[2]  #57, KRB TR S TR MR 28k de Bl ARps Bk AL I]. ]
FKFIKHL, 2004, (3):36 37. (LI Li,ZHU Yi. The Construc
tion of Modern Flood Control System in Engineering and Nomr
engineering Measures[ J]. Hunan Hydro & Power, 2004, (3):
36-37. (in Chinese))

[31 A3, KA A R BE f T R EEPEBERAIHR] ). /KDL, 2010,
(1):3538.(ZOU Jin. Discussion on the Sustainable Model for
Long term Optimal Operation of Reservoirs[ J]. Journal of Chr
na Hydrology, 2010, (01): 35 38. (in Chinese))

(4] RWAED, LTS, R 55, KPR 5 B M. N 3] 7K
H AL, 2013. (SONG M eng-bo, YUE Yarr bing, CHEN J gin.
Reservoir Operation and Management [ M]. Zhenzhou: The
Yellow River Water Conservancy Press, 2013. (in Chinese) )

[5] Aol ARtz oK B KA I M. dB5t: K FIK
H R 4, 2006. ( HE Juir shi, LIN Hong xiao. Water Resources
Planning and U tilization [ M |. Beijing: China Water Power
Press, 2006. (in Chinese) )

[6] TJTR, J5eh, B, & 530 A HUE I /K it D4k i A

[8]

[9]

[10]

[11]

[12]

[13]

[ 14]

[15]

[16]

JEIIBE S S B J]. K J1 R LA I, 2005, 24(3): 611
(WANG War liang, ZHOU Mu xun, GUAN Qiu, et al. Re
search and Practice of Optimum Operation Method Based on
Genetic Algorithm for Small Hydropower Stations[J]. Journal
of Hydroelectric E ngineering, 2005, 24(3): 6 11. (in Chinese))

PRI, o6 3. FE OB S (KRR 2K R BEOE AL TR EEL 07 7K
J1 R L ], 2005, 24( 5): 710. (XU Gang, MA Guang wen.
Optimal Operation of Cascade Hydropower Stations Based on
Ant Colony Algorithm[ J]. Journal of Hydroelectric Engineer
ing, 2005, 24(5) : 7 10. (in Chinese) )

AR, 22 U, 2 SR SO ROk R Sk B A K R AR 1 BE
NI D] . AR A KR K H, 2006, (2) : 54 57. (LI Chong
hao, JI Chang-ming, LI Wer wu. Modified Particle Swarm AF
gorithm and Its Application in Reservoir Operation Optimiza
tion[ J]. China Rural Water and Hydropower, 2006, (2) : 54 57.
(in Chinese))

G0, T B REDLILTR & S S LI ML B 5t BT
Tk H R AL 2011, (LIANG Xu, HUANG Ming. Modern Intek
ligent Optimization Algorithm and Application [ M ]. Beijing:
Publishing House of Electronics Industry, 2011. (in Chinese))

Maurice Clerc. Particle Swarm Optimization [ M]. America:
Wiley ISTE ., 2006.

N C Chauhan, M V Kartikeyan, A Mittal. A Modified Particle
Swarm Optimizer and Its Application to the Design of Micro-
wave Filters [ J]. Journal of Infrared, Millimeter and Tera
hertz W aves. 2009, 598 610.

Eberhart R C, Shi Y. Particle Swarm Optimization: Develop
ments, Applications and Resources|[ A]. Proceedings of the
IEEE Congress on Evolutionary Computation, Piscataway
[ C].NJ: IEEE Service Center, 2001: 81- 86.

ARSCA, BRI, A RERE, 4. LT SQP JR 48 R 10 ok 1
LA SEVLLT) . 45 ) 5 vk 38, 2012, (4): 557-561. ( XU Werr
xing, GENG Zhr qiang, ZHU Quir xiong, et al. Chaos Particle
Swarm Optimization Algorithm Integrated with Sequential
Quadratic Program ming Local Search [ J]. Control and Decr
sion, 2012, ( 4): 557-561. (in Chinese))

RIS, m AR G AR ST B G Nk LA D]
NN FH, 2008, (S1): 28 30. (AN Xiao-hui, GAO Yue lin.
Adaptive Particle Swarm Algorithm with Hybrid Mutation
Operator [ J]. Journal of Computer Applications, 2008, (S1) :
28 30. (in Chinese))

Maurice Clerc. The Swarm and the Queen: T owards a Deter
ministic and Adaptive Particle Swarm Optimization|[ C]. Pro-
ceedings of International Conference on Evolutionary Compu
tation, 1999: 5+ 57.

Lb, 1 Bbk. ESCEGORE RO AL S VR TE K T SR R 1R R
[J]. AR # 37, 2007, 29( 10): 18-21. (QIU Lin, XIAO Lin .
Application of Improved Particle Swarm Ooptimization Algo-
rithm in Reservoir Flood Control Operation[J]. Yellow Riv-

er, 2007,29(10): 18 21.(in Chinese))

mR

K oF OB E e 121 -



