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Hybrid quantum-behaved particle swarm optimization for
operation of cascade hydropower plants
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Abstract: In solving the joint scheduling problem of cascade hydropower stations, the standard quantum-
behaved particle swarm optimization (QPSO) algorithm suffers from premature convergence and local
trapping, among other shortcomings. This paper presents a hybrid QPSO (HQPSO) that combines the
advantages of the two-fold improvement strategy. This new method first does mutation search for
individual extremes at a given probability to increase the diversity of individuals and enhance the global
exploiting capability of the population. Then, it establishes an external archive set to conserve certain
particles found in the evolutionary process. Finally, it uses the Nelder-Mead operator for dynamic
probability identification to help particles searching in the neighborhood, improving its searching
capability and avoiding falling into a local optimum. Application to the Wu River shows that the HQPSO
is faster in convergence and global searching and practically applicable, avoiding the shortcomings of
QPSO.
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Table 1 Characteristic parameters of cascade reservoirs
X . L MR EWS , WREHEA  1H. K
PAEA W R S o N b2 y
A TR WARE gnw kpm KM Tgie Km
HERIE EZ-SET) 8.00 600 1140.00  1076.00 490.5 1102.20
KA ANSEEEPRT 8.35 695 970.00 936.00 632.1 961.80
ERE H i 8.30 600 837.00 822.00 994.5 831.10
EERAW: 4 AN EEPRT 8.00 1250 760.00 720.00 1087.0 744.31
T4 7 Wt EZ-SET) 8.50 3000 630.00 590.00 1909.0 617.88
32 EHIHHT 1 DE. PSO. QPSO. HQPSO Fh & k4T R fif . H

NI UEAZSHE (R AT AT PRI R, 28553 Sl ik
B3 MR R E R ROK BERRIEAT TS, R

& SRR g m =500, RIS Sy
Nk =500 ; b4, HQPSO HiAh Z %% B H: P=0.6,
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Table 2 Power outputs calculated using different optimization methods  (F.{7: {4 kW'h)

G ik Yt R EAE LT ¥4 Sz ot At
DE 15.11 19.40 15.12 32.49 85.84 167.96
PSO 16.82 20.70 15.88 34.29 88.71 176.40
FIKAE
QPSO 17.00 20.95 15.98 34.24 88.72 176.89
HQPSO 17.13 20.94 15.97 34.22 88.70 176.96
DE 12.82 16.36 11.78 23.88 66.07 130.91
PSO 14.56 17.40 12.45 25.98 68.58 138.97
SPIKAE
QPSO 14.74 17.47 12.61 26.03 68.55 139.40
HQPSO 14.91 17.48 12.62 26.06 68.51 139.58
DE 9.78 12.39 8.20 16.24 4120 87.81
PSO 10.50 13.22 9.00 17.75 44.04 94.51
K4
QPSO 11.15 13.44 8.94 17.94 43.90 95.37
HQPSO 11.26 13.43 8.95 17.93 43.95 95.52

# 3 BEHLIZLT 30 RINGTHER

Table 3 Statistics of the power outputs calculated using four optimization methods (§f7: 12 kW-h)
SRR SRAR 72 At BIMH B & PRk %
HQPSO 176.96 176.81 176.67 0.29 0.08
PSO 176.89 176.75 176.37 0.52 0.10
ok N
PSO 176.40 174.65 170.79 5.61 1.56
DE 167.96 166.85 166.28 1.68 0.39
HQPSO 158.36 158.22 158.12 0.24 0.06
PSO 158.28 158.16 157.91 0.37 0.08
vk Q
PSO 158.10 155.80 152.37 5.73 1.51
DE 151.70 150.80 149.84 1.86 0.46
HQPSO 139.58 139.43 139.32 0.26 0.08
PSO 139.40 139.22 139.01 0.39 0.11
KA Q
PSO 138.97 137.47 132.44 6.53 1.80
DE 130.91 130.04 129.09 1.82 0.50
HQPSO 117.66 117.46 117.30 0.36 0.10
PSO 117.45 117.24 116.64 0.81 0.16
fih Q
PSO 117.47 114.58 109.76 7.71 2.04
DE 110.71 109.71 109.09 1.62 0.41
HQPSO 95.52 95.26 95.09 0.43 0.11
PSO 95.37 95.00 94.43 0.94 0.22
HiksE N
PSO 94.51 92.09 87.97 6.54 1.63

DE 87.81 87.14 86.13 1.68 0.65
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Fig. 3 Box plots of the statistical power outputs
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Table 4 Calculations of power outputs at different power station scales
(BAL: A2 kW-h)
s Lk 3 H
HRe AS 2 AS 3 AS 4 AS 5 AS
HQPSO 13.88  0.00 31.13 0.00 4337 0.00 68.65 0.00 136.76 0.00
QPSO 13.65  -0.23 30.90 -0.23 42.79 -0.58 67.54 -1.11 135.71 -1.05
PSO 1341 -047 29.59 -1.54 41.72 -1.65 56.16  -12.49 130.46 -6.30
DE 13.66  -0.22 29.48 -1.65 39.98 -3.39 5486  -13.79 109.82 -26.94
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x5

AR % T IR AR B K TR

Table 5 Calculations of power outputs under different bandwidth limits

CHfiz: A2 kW-h)

KHEHE TR (MW)

T h'=0 h'=300 h'=500 h'=800 h'=1000 h'=1200
HQPSO 139.36 139.25 138.82 138.03 136.76 134.89
QPSO 139.26 139.15 138.72 137.63 135.71 133.40
PSO 136.53 136.52 135.75 134.32 130.46 123.15
DE 129.69 129.27 129.27 124.31 109.82 85.71
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