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Fig. 1 Comparison of two ways of population initialization
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Tab. 1 Benchmarking functions
E el ik #ejig Bl e | L e GV (]
Sphere bR % fi= Z x7 30 [~100, 100] 0
Schwefel B f= bl ] 30 [-10. 10] 0
Step PRk fi= D (+0.5) 30 [-100, 100] 0
Ackley %L fi= —ZOexp[ -0.24[= Zx ] - exp[ Z cos(27rx,)] +20+e 30 [~500, 500] 0
F2 EERMEEMRER
Tab.2 Algorithm performance test results
PRI Bk wAE EHE brifiEs
HAPSO 21.10 26.20 2.34
SpherePA%L
PSSO 1.85E-09 7.74E-07 2.07E-06
FEAPSO 19.38 21.82 1.18
Schwefel PR L
HUAPSO 1.19E-05 1.22E-03 2.05E-03
FHAPSO 20.90 25.60 2.05
StepPRI%Y
U#HPSO 1.10E-09 2.28E-07 3.49E-07
HAPSO 4.82 5.07 0.11
Ackley PR %L
HUEPSO 1.22E-05 1.08E-03 3.07E-03
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Fig.2 Benchmark functions optimization convergence curve

R 5 a2 R 5 e SO SIS 50 mT A, etk
PSO H ik HA RAFr st . e feifEmi s, it
T4 Fh ek R, Wk PSO B VA A BE AR B WAL T LA
PSO B3k 76V B {E 3K, Sphere PRELFN Step bR
) FUURS B 2 = T AR PSO 51k, Schwefel B
RN Ackley PRI RS B2/ T3 A PSO B0k 78
FrUEZ DN, Sphere PRELFN Step PRI 0K B A4H L
HA PSO Bk A BT, Schwefel PRELHT Ackley
PRI K BE A AR KT o F T L, X TS [ Y
SR, B PSO ST SRS LA B B AR T

2 LBINAELERSH

2.1 HFHEAME

DA R R 7K 23 1 PRATLZE AR s E A 08 13 44,
% B — RN A KoK IR KA ARSI 2R, DA
vl BUATLLH AR S GE A TRE R 2 e /N ok B bR R AR, DL$R
K DR N AR A, M 2 B B g R AR 1
LR AR AL Bep R,

H b PR L

. SZ p8Qi(n, ) H,
i=1 771,:’(”,-,1) X Mot X Mint X T]f

A PR ALALIE T RE R S, Oe; i ROR B,
i=1,2, -, S,(— KRNI 7 (i BEEEO 5 myy . Qi(ny))
IR RANER i B e U (v/min) B AH Y
KVt (m'/s)s Hio AT, RPN 5 i By
38 (m) , FEHLHE] () Ao AR [ o0/ (kWeh) |
Tein Mo T~ 170 B F 7R AL AR | AL Bl
DIk &SN (B0 1 €SV PN BTN w &
LY, K AR

Sy
Z Qi(n,',[)ATi > Ws (7)

A WFRIRBBAHLA BT — R EER IR B A 4 /K R
H,m’,

ESA TS

Ni(n;)) < N. (8)

o Ni(n ) TR NI i BB BRI 1T U, kW;
N Ze7R PR A5 5 T, kW,
22 EARFAHLA

IKFERIS: 2000ZLQ13.7-7.8 0 7K 2 41 7 5% 3 Ny
214.3 r/min, &1 7 AR +2°,

H 437 72 K o i B DL H 2334578 5.8 m R fiil,
S0 B e K Ay LT DR 3.

KA TA2FR  » 98] ¢



¥202% F5H @AREG AKARHCEHEO

2024 £ 10 A

®3 BMRFHHERSHEBEN

Tab. 3 Average heads and time-of-use electricity prices of each period

it B4l 17:00—19:00 19:00—21:00 21:00—23:00 23:00—3:00 3:00—7:00 7:00—9:00 9:00—11:00 11:00—14:00 14:00—17:00
I B34 8 /m 6.06 5.46 5.40 5.82 6.13 5.50 5.36 5.69 6.09
YA/ [ JGe(kWeh) ' ] 0.978 0.978 0.587 0.276 0.276 0.978 0.978 0.587 0.587
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Fig.3 Flow diagram of improved PSO algorithm for single

unit variable speed optimization
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Tab. 4 Calculation results of variable speed optimization operation of single unit (three methods)

Ik B Bfi/m i/ (remin ') WidE/(m'es™) KB/ TTm’ FEH /T
1 6.06 ATHHL 0 0 0
2 5.46 180.0 11.86 8.54 1 840.30
3 5.40 188.7 13.34 9.61 1209.84
4 5.82 223.9 17.66 25.43 172025
5 6.13 224.0 17.39 25.04 1752.26
HAPSO
6 5.50 181.4 12.03 8.67 1876.41
7 5.36 180.5 12.12 8.73 1833.94
8 5.69 194.6 13.83 14.94 1982.50
9 6.09 187.6 12.07 13.04 1900.52
/Nt 114.00 14 116.02
1 6.06 AL 0 0 0
2 5.46 185.9 12.84 9.24 1965.31
3 5.40 209.1 16.17 11.64 1520.43
4 5.82 2238 17.65 25.42 171837
5 6.13 224.0 17.39 25.04 1751.83
YEPSO
6 5.50 ATFHL 0 0 0
7 5.36 180.0 12.03 8.66 1 823.09
8 5.69 209.9 15.99 17.27 2346.46
9 6.09 2103 15.61 16.86 2415.39
/N 114.13 13 540.88
1 6.06 ATHL 0 0 0
2 5.46 185 12.69 9.14 1944.26
3 5.40 211 16.42 11.82 1552.85
4 5.82 224 17.68 25.46 1723.01
5 6.13 224 17.39 25.04 1753.19
AR
6 5.50 ATFHL 0 0 0
7 5.36 185 12.84 9.24 1928.66
8 5.69 205 15.32 16.55 2222.79
9 6.09 211 15.70 16.96 2431.55
/Nt 114.21 13 556.31
x5 2MAERAMRKERILESH(EAR PSO 5¥i# PSO)
Tab. 5 Comparative analysis of unit water-pumping cost (basic PSO and improved PSO)
[ — HAPSO MiPSO s 2
KRt BTG A [ Oim) ] K Em BTG SRR [teimY '] W2ER%
100 142.01 1.98 139.43 142.50 1.98 138.95 -0.34
80 114.00 1.41 123.68 114.13 1.35 118.29 —4.36
60 85.00 0.93 109.41 85.10 0.82 96.36 -11.93
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Fig. 4 Comparison of water-pumping cost and unit water-pumping cost between two algorithms (basic PSO and improved PSO)
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Fig. 5 Corresponding relation between the decision-making process of two methods and the electricity

price and head of each period (DP and improved PSO)
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Tab. 6 Comparative analysis of unit water-pumping cost ( DP & improved PSO )

L AL HiEPSO B
= ﬁﬁf % = 3 — s — 3\-1 =) 3 — > — 3y1 724
KM OISR [ TeimD '] KEAm BHOTTE sl [t ] WER%
100 142.59 1.98 138.86 142.50 1.98 138.95 +0.06
80 114.21 1.35 118.20 114.13 1.35 118.29 +0.07
60 85.12 0.82 96.33 85.10 0.82 96.36 +0.03

3 &g

WEFEHE T AR PSO Bk 10— Fhdl A el itk 3R
s, Bk RERI LA AL 51 AT Sobol J351), {49 4
SRS N4 5y, 4 R R 2w T 5 R
FH T — o i 3 A VR AT LA ST I 3R 3 1 S 4 1 2
WA, 2 m T A AR By B 48 68 015 5
AT ERZHFERETH T, g6 AL m)

* 084 ¢ KA TAEH R

PPEAE, S TR RS TE AR R B B K g )
PR EI AR T, 30 TR TR R . B AT 4 AR
HERECHE BRI, JF 5 5L A PSO L HEAT LA, 50
HE T PSO B39k 2 SR il G ik A R0

DA HE SR S 3l L2 A5 I Ak 1R AR TR Sy 5
g1lliz A PSO 5 | el PSO Bk Fl sl 5 4
RIE XK A . S5 H R, FHXFF L7 PSO ik,



Rgil, % Rk ENAMRMHEE A A RARTHHE S

WU PSO $E 1Y 22 SR W il U BOR i 2 (60% 11
i B A7 B K 2 FH R T 11.4%, B3 K 2% F %
KT 11.9%) ; Bt PSO 3% Fil 50 25 B0 &) 2% BT 45 2
FIFFHL T e sl P o il R AR — B, PR /K 2 A
ZERINT 0.1%. HILnT UL, A SCHE Bk HES
2 WS il A B R AT S A S, SRR R
TR . UL, 2R S Al G o i PSO Sk T LA
VB 5 il BT A8 SR PG AR R SR i ) — P AT 2 A
B TT T

S35 3CHk:

(1] mEEE, HORER, KT, 5. JEFIE3SIRAE 20 75
FFIXCHE W b LA IR RS [J]. KR Fa BB 0
2022, 40(6): 45-53. DOI: 10.3880/j.issn.1006-7647.20
20.06.009.

(2] FIRZR, msk, BEW, 55 BRI 2 HAREHR
s [J7. AR, 2019, 50(12): 198-203. DOI: 10.
16232/j.cnki.1001-4179.2019.12.036.

(3] ZRHIC, 288K, MR, 5. 35T Pareto S Lff I B5
R IK R v 2 Hbs k2 11T (0], BEEHEK 2%
2, 2022, 41(2): 131-139. DOI: 10.13522/j.cnki.ggps.
2021359.

(4] frhioits, s, S, 45, ST ouhste ik 5 aha
T %) s K 2R sl B OE AR IR [J]. 7K B BE VR 2%,
2023, 41(2): 128-132. DOI: 10.20040/j.cnki.1000-
7709.2023.20220581.

(5] RAG, 228, Tali, 55 B9tk R aieim
BE KRG TR (1], NRBE, 2018, 40(5): 144-
147. DOI: 10.3969/j.issn.1000-1379.2018.05.031.

6] FNKEF, T, M. e i X i vlia
rttettsr (31, o E AR K R RLABE ST B 24 (
), 2024, 22(1): 97-107. DOI: 10.13244/j.cnki.ji-
whr.20230046.

(7] FBFIRE, 5k A, S, 5. BPOEEuiiK 24 A ik
P Je 2 s AT R (0], K FI2E41, 2016, 47(12):
1558-1565. DOI: 10.13243/j.cnki.slxb.20151350.

[8] FEFAK, skaLte, sk M, 5. Rk AL AR s 1T
WIrESE L. A=, 2010, 41(3): 72-76.
DOI: 10.3969/j.issn.1000-1298.2010.03.015.

(9] PLEpse, FEE AR, B 4 M8, 5. VLR AR -5 HLEH AR
HALALB AT R0 (0], B HEK 2241, 2009, 28
(4):32-36. DOI: 10.13522/j.cnki.ggps.2009.04.004.

(101 PUERJE, KA, skalAe. AN IR s wos ) () S,

HAS AR AL BEEEY (T, FE /KL S5 KR B
+7,2014, 12(6): 93-97. DOI: 10.13476/j.cnki.nsbdgk.
2014.06.021.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

AFSHAR M, RAJABPOUR R. Application of local
and global particle swarm optimization algorithms to
optimal design and operation of irrigation pumping
systems [J]. Irrigation and Drainage, 2009, 58(3):321-
331. DOI: 10.1002/ird.412.

V7R, 25008, M e, 5. 298K Euh AL IH FE0F
5 [, APIEARA KRR, 2020(5): 123-127.
ESIviy S PN (| PRSI S S R 674 A a1 A R7S L)
HEw7 Al U A B2 oA (0], vh =R A K R K,
2020(1): 185-187.

JAFARI-ASL J, AZIZYAN G, MONFARED S H,
et al. An enhanced binary dragonfly algorithm based
on a V-shaped transfer function for optimization of
pump scheduling program in water supply systems
(case study of Iran)[J]. Engineer Failure Analysis,
2021(123): 105323. DOI: 10.1016/J.ENGFAILANA
L.2021.105323.

XEHL A0, — Pk R BRI A S5 B
FREIA L] B 5 iAR, 2019, 49(9): 237-
247.

ALI A, TAWHID M. Hybrid particle swarm opti-
mization with a modified arithmetical crossover for
solving unconstrained optimization problems[J]. IN-
FOR: Information Systems and Operational Re-
search, 2015, 53(3): 125-141. DOI: 10.3138/infor.53.
3.125.

CHROUTA J, FETHI F, ZAAFOURI A. A modified
multi-swarm particle swarm optimization algorithm
using an adaptive factor selection strategy [J]. Trans-
actions of the Institute of Measurement and Control,
202101423312211029509. DOI: 10.1177/014233122
11029509.

TEV, b, XINEHT, 5. 6T 2 RS | ko 1A
LR U TR e = bh ZOK ERE AL IR BE [J].
KT RE 2 B B 4, 2023, 40(12): 30-36. DOL: 10.
11988/ckyyb.20221439.

XIS, VPR, 206, 45, 7K P ra A Ak B et
REFHEFARL (0], 7K 1%, 2024, 50(1): 53-57.
XNBET, B 1, HLB, 45, 3 T IERBXIATE RIS
ARHIERERE L], R el (B IRBH 7R,
2020, 48(9): 119-125. DOI: 10.13245/j.hust.200921.
fuf PR, AL 1R 5 Aot SR 1) SR SRS A Bk K
FEHUBRREHT (0] Pl S5 3, 2023, 38(2): 354-364.
DOI: 10.13195/j.kzyjc.2021.1108.

b, B, R, S5 K BEIRAR ST M. bt
Hh KK AR H R, 2012,

KA LFEH R ¢ 985 ¢


https://doi.org/10.3880/j.issn.1006-7647.2020.06.009
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.16232/j.cnki.1001-4179.2019.12.036
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13522/j.cnki.ggps.2021359
https://doi.org/10.13522/j.cnki.ggps.2021359
https://doi.org/
https://doi.org/
https://doi.org/10.20040/j.cnki.1000-7709.2023.20220581
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3969/j.issn.1000-1379.2018.05.031
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13244/j.cnki.jiwhr.20230046
https://doi.org/10.13244/j.cnki.jiwhr.20230046
https://doi.org/10.13244/j.cnki.jiwhr.20230046
https://doi.org/10.13244/j.cnki.jiwhr.20230046
https://doi.org/10.13244/j.cnki.jiwhr.20230046
https://doi.org/10.13244/j.cnki.jiwhr.20230046
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13243/j.cnki.slxb.20151350
https://doi.org/
https://doi.org/10.3969/j.issn.1000-1298.2010.03.015
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13522/j.cnki.ggps.2009.04.004
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2014.06.021
https://doi.org/10.13476/j.cnki.nsbdqk.2014.06.021
https://doi.org/
https://doi.org/
https://doi.org/10.1002/ird.412
https://doi.org/10.1002/ird.412
https://doi.org/10.1016/J.ENGFAILANAL.2021.105323
https://doi.org/10.1016/J.ENGFAILANAL.2021.105323
https://doi.org/10.1016/J.ENGFAILANAL.2021.105323
https://doi.org/10.3138/infor.53.3.125
https://doi.org/10.3138/infor.53.3.125
https://doi.org/10.3138/infor.53.3.125
https://doi.org/10.3138/infor.53.3.125
https://doi.org/10.3138/infor.53.3.125
https://doi.org/10.3138/infor.53.3.125
https://doi.org/10.1177/01423312211029509
https://doi.org/10.1177/01423312211029509
https://doi.org/10.1177/01423312211029509
https://doi.org/10.1177/01423312211029509
https://doi.org/10.11988/ckyyb.20221439
https://doi.org/
https://doi.org/
https://doi.org/10.13245/j.hust.200921
https://doi.org/10.13245/j.hust.200921
https://doi.org/10.13245/j.hust.200921
https://doi.org/10.13245/j.hust.200921
https://doi.org/10.13245/j.hust.200921
https://doi.org/
https://doi.org/10.13195/j.kzyjc.2021.1108
https://doi.org/

F22% #5H WALASAKABKEE) 2024 4 10 A

[23] MIRJALILI S. SCA: A sine cosine algorithm for [24] fictmssm, 4RTENE, 24540, 4. 51 A Circle B FIIE 5K

solving optimization problems[J]. Knowledge-Based A% F AR RS (D] AL TR S
Systems, 2016, 96(3): 120-133. DOI: 10.1016/. H, 2023, 59(17): 80-90. DOI: 10.3778/j.issn.1002-
knosys.2015.12.022. 8331.2211-0290.

Combination improved particle swarm optimization algorithm
for single unit optimal scheduling of pumping station

DAI Jinshan', GE Hengjun’, KAN Yonggeng’, QIU Jinxian'
(1. College of Hydraulic Science and Engineering, Yangzhou University, Yangzhou 225009, China; 2. Yangzhou Survey Design Research Institute

Co., Ltd., Yangzhou 225100, China; 3. Jiangdu Water Conservancy Project Bureau, Yangzhou 225200, China )

Abstract: With the continuous increase of the application scale of pumping station engineering and the
improvement of the complexity of operation and management, it has become an important research field to carry out
the optimal scheduling of pumping station units and realize economic operation. Many scholars in China explore
and study the construction and solution methods of pumping station optimization model. The traditional pumping
station optimization scheduling methods mainly include nonlinear programming, dynamic programming,
experimental optimization and large-scale system optimization methods. Among them, the dynamic programming
method is widely used in the optimal scheduling of pumping stations. In the solution process, the decision variables
are usually discretized with a certain step size, and the size of the discrete step size has a certain degree of influence
on the accuracy of the optimal solution of the model target. Therefore, this paper attempts to find a particle swarm
optimization algorithm that decision variables are randomly generated in the feasible region and can be continuously
updated to further discuss the influence of different value methods of decision variables on the optimization results.

According to the shortcomings of particle swarm optimization algorithm, which is easy to fall into local optimal
solution and low precision, a combined improvement method of multi-strategy fusion of "Sobol sequence
optimization initial population & real-time adjustment of inertia weight & sine and cosine substitution learning
factor" was proposed. (1) Sobol sequence was applied to initialize the population, which made the initial population
distribution more uniform and laid a good foundation for the global search of the algorithm. (2) A real-time
nonlinear decreasing adjustment of inertia weight with number of iterations was adopted to improve the search
ability of the algorithm at different stages. (3) The sine-cosine factor in the position update formula of SCA (sine-
cosine algorithm) was introduced to replace the learning factor. Each particle could search and move between the
best position of the individual and the best position of the population, so that it could carry out multi-directional
search and enhance its search ability. At the same time, combined with the real-time nonlinear decreasing
adjustment of inertia weight, the collaborative improvement of search ability of particle swarm optimization
algorithm was realized in different stages.

Through the performance test of four benchmark functions, it was verified that the improved particle swarm
optimization algorithm had a significant improvement in search ability and accuracy compared with the basic
particle swarm algorithm. On this basis, the improved particle swarm optimization algorithm was applied to the
solution of the single unit variable speed optimization model with the minimum power consumption cost as
objective function in a large-scale pump station. The optimal decision-making scheme and the corresponding
optimal objective value were obtained, then compared with the calculation results of the dynamic programming
method and basic PSO algorithm. The results showed that: (1) Compared with the basic PSO algorithm, the multi-
strategy fusion improvement effect of the improved PSO algorithm is more significant (the water-pumping cost is
reduced by 11.4 % at 60 % load operation, and the unit water-pumping cost is reduced by 11.9 %). (2) The optimal
decision-making process of the two methods (improved PSO algorithm and dynamic programming method) was

basically consistent, that was, in the process of variable speed operation of single unit, the unit was generally
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