Yol Rk K 5 54k ,2025,56(1):73-81 http://syny.cbpt.cnki.net
Journal of Shenyang Agricultural University DOI:10.3969/j.issn.1000—1700.2025.01.008

ORI, E KA TR A 2 HARRL T I B S AR IR B VA EE AT ST, TR BH AR R A 2 41z, 2025, 56 (1)
73-81.

XU W,ZANG X D,XIA B,et al.Research on flood storage and scheduling of cascade rubber dam groups based on HMOPSO algorithm|[J].Jour-
nal of Shenyang Agricultural University,2025,56(1) : 73-81.

BE % HirN FEE XN G Ef
SHAEHAR

" mLEERLVE O KLK OELHOEC

(1. %R X 5 KA S, 8110161 ;2. B3 T KA Bl 3% 5+ BF 7 R A TR 8] L iT T B4 123099)

[ BB B A SR I SR # VR B ) LA AR M S R R v 2 M IS L RO SR A A B P AE AR
UER k22 4 B i $2 T 7840 )Tt 2K B K 30 ) K 8 IR 78 300N 22 28, o i e TTUBT b K A RO R B S i % it A
i A2 BRI B ir @mﬁsz&fmmﬁzaﬁ%wﬁmﬁm [ R ETHERGR gt e 42t T —FR G 2 H ARk 1 ¥
AL (HMOPSO)H TSR i , 255 1k 8 1 Logistic WU RIGA ALANEE , R FH 22 20 AL SR ALk ARG B2 JR 5 I AR B R e B2 R)
DR o LAERT T AT 3T el B AR 3 S B AR Ry 481, B2 X I 1994 4F 1 2013 4F (1% ML AU kK ok 72y S5 017 2 B A
B ULR B RLR A% HMOPSO FyA 25 5 5 MOPSO Fll NSGA -SRIk 45 S BEATXT LY , R 2 Fh M RB AT ITAN 45 5395 1) Pareto HTHY
FEX VR BE M SR A TR AT . [ R4S 0L 2 T KL R A R T HMOPSO Sk AR T AT 11 6D P8 bRk 28.57% LA -, HV
BFR LR 19.96% L) I, iF B HMOPSO Sk AR IS 35 51 PR PR 5 T 35 6 T FLAhxT L 3RE1: | B B A RO 4 AR TR K 5
B LI BE T oK 5 A3 B AR S50 B AR Z MIAEAE ARG OC R 2 M T A 25 E AR I SE U, U 2 A o] 2 s (] 2338 i 5 1t 7R A 39T 19
LTI X 8] (1 i A0 P E AT S, it 2 P K e | R R R IR, T AT AR R R . [£5i815E T HMOPSO B3k Ry ik i
BT RS AR IR 1) A B IR AR AL T BRARYE , vl R U X IR BRI S

KRR M PAR IR 3 25 B BERCAY s 22 H ARk 7 BF 51 oK BE R )

FESHES:TV213.9 ERFRIZAS : A S E 4 S :1000-1700(2025)01-0073-09

Research on Flood Storage and Scheduling of Cascade Rubber Dam
Groups Based on HMOPSO Algorithm

XU Wei',ZANG Xudong', XIA Bing?,ZHANG Lei’, YANG Lei’
(1. College of Water Conservancy, Shenyang Agricultural University, Shenyang 110161, China; 2. Fuxin Water Conservancy Survey and Design Institute Co.,
Liaoning Ltd., Fuxin Liaoning 123099, China)

Abstract: [Objective]The flood storage and scheduling problem of a cascade rubber dam group in urban river channels has
nonlinearity, multidimensionality, and high constraints. Studying on its efficient and stable solution method can help fully utilize the
water resources during the flood retreat period to supplement the reservoir capacity in the dam while ensuring flood control safety. It is
of great significance to improve the efficiency of flood water utilization during the flood season. The study considered social,
ecological, efficiency objectives and established a multi—objective flood storage and scheduling model for a cascade rubber dam group.
[Methods]To improve the performance of model solving, a hybrid multi-objective particle swarm algorithm (HMOPSO) which
initializes the population through logistic mapping is proposed, it can adopt differential evolution strategy to optimize the iterative

process and introduce the roulette wheel method to select the global optimal solution. Taking the actual project of the cascade rubber
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dam in the central section of Xihe, Fuxin City as an example, the typical flood processes from 1994 to 2013 were selected as
conditions to solve the multi—objective flood storage scheduling model. The results of HMOPSO algorithm were compared with MOPSO
and NSGA-II algorithms, and various performance indicators were used to evaluate the Pareto front of each algorithm. The scheduling
solution set was analyzed for regularity. [Results]The results showed that all algorithms meet the solving requirements, and the
HMOPSO algorithm had a GD index superior to other algorithms by more than 28.57% and an HV index superior to other algorithms
by more than 19.96%. This proves that the HMOPSO algorithm is superior to other comparative algorithms in terms of convergence,
uniformity, and diversity, and can more effectively respond to flood storage and scheduling needs in different flood scenarios; there is a
negative correlation between ecological goal and efficiency goal. If we focus on achieving ecological goal, the overall scheduling time
will increase; the linear characteristics of the flood retreat period have an impact on the range of feasible solution sets for scheduling.
The longer the available water storage capacity and scheduling time of the flood tail, the larger the range of feasible solution sets.
[Conclusion]This article provides a theoretical basis for the rational flood storage and scheduling of cascade rubber dams in urban
river sections based on the HMOPSO algorithm, which can serve as a reference for research in similar regions.
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Table 1 Basic parameters table of rubber dam at the central end of Xihe

P45 TR I 4 Bk AR 58 B /m i /m EKEJT m? FHKKE/m
Serial number Rubber dam name Dam width Dam height Water storage Storage length

1 1 58 No. 1 rubber dam 137 2.5 25 1500

2 2 S No. 2 rubber dam 137 2.5 17 1030

3 3 542 3M No. 3 rubber dam 147 2.5 23 1300

4 4-FH2 3! No. 4 rubber dam 133 2.5 18 1143

5 55N No. 5 rubber dam 155 2.5 18 957

6 6 5N No. 6 rubber dam 175 2.5 24 1125

7 7 543 No. 7 rubber dam 147 2.5 20 1 095
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Figure 2 Location map of rubber dam group in urban section of Fuxin City
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Table 2 Algorithm performance indicators
. 1994 4F diL R LK 2013 4F 7tk
. Typical flood of 1994 Typical flood of 2013
Algorithm
GD SP HV GD SP HV

HMOPSO 0.120 0.012 0.393 0.122 0.009 0.557

MOPSO 0.186 0.019 0.266 0.296 0.025 0.347
NSGA-II 0.168 0.011 0.336 0.241 0.010 0.369
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Table 3 Typical scheme objective function parameter

1994 4F JLRITT 28 2013 4F JATT
Typical plan for 1994 Typical plan for 2013
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Ecological goals, Efficiency goals, Ecological goals, Efficiency goals,
minimum flow at the outlet of the overall flood storage minimum flow at the outlet of overall flood storage

dam group scheduling time the dam group scheduling time

A 0.7 2.5 0.7 2.7

B 1.4 3.0 2.2 3.7

C 2.1 3.7 43 44

D 3.0 4.0 5.7 5.3

E 3.8 5.1 7.6 6.1

F 5.0 5.7 10.2 6.6

G 6.6 6.4 13.1 8.0

SRS BCRAVES BARMRIEE T, fe T S 4e 8 2 A2 AR I & L B T8, %07 iR 456 T AT RIS AR
SRR T SR A BT TR IR EE TR O R X IR R T 55

ARG LA R T T O BOAR S IURE SE PR TR A ], 57 1 % 184t 2 B s RS B AR BAnmBR g8
I8 SRR 5 A O AR AR A X A% B8 MOPSO 76 (AN & 12 1 T —Flead (1) HMOPSO %53 |, 31435 2R Fl HMOPSO
MOPSO FINSGA— Il Sk AT 3R A o 255 R HH | 3 Fh B0 ] DASK g Hh 0 J2 2R 1) 2 41 MR 4, T AR 3 T LA 3
%, HMOPSO 5.3 (1) GD $8 bR ffi ik 28.57% LA L, HV F8 bR LK 19.96% LA L, 7] LUAT BN XA [ HE K 54 F B9 &
PEREE TR SR, A T AR S & L B B A T AR AT v s RN 9T R A S B AR BOR B AR Z BIAF
TE 5B 0 SO S, 45 T S AR 25 E AR DR B2 B (8] 258800, [ 2 IR 8K 5 ELAS RS IR 25 i 8 B O S8 B ml A7
SE0 A2 Tk R i 2 2RI S, b R T B K e | R 9 R R ) A, T A AR A Y L UK

Sk

(1] BRAH W BRI A TR P AR 3 7E,2024(11):56-58.

YANG J J,SHAN Y.A brief analysis of the application of rubber dams in water conservancy projects[J]. Harnessing the
Huaihe River,2024(11):56-58.

(21 S RMG . HETFAR AN A6 I 1z 47 7 AR D] AR TR A RH,2021,49(10):116-118.

GAO D P.Research on joint scheduling operation mode based on rubber dam group[J].Heilongjiang Hydraulic Science and
Technology,2021,49(10):116-118.

(31 RXEHL B2 B AR TR B 2 18 7 S DAL BT AR MK - AR (T 9630),2021,52(1):137-145.

ZHAO Y Q,PENG Q E.Optimal design of emergency dispatching scheme for cascade rubber dams[J].Water Resources and
Hydropower Engineering,2021,52(1):137-145.

(4] FEANPR BRI M AE LA Ui e I SRR T AR SRR SR UL DK R BE AIF ST KK BB AR (TP 30),2022,53(8):152-160.
WANG J H,YIN R S,LI L,et al.Research of regulation of landscape flow of rubber dam group in Chanba River basin
based on finite traversal method[J].Water Resources and Hydropower Engineering,2022,53(8):152-160.

(5] MHEMCETR,E 8.2 Hbok RS RO SIS ] Wi T2 (L2 10),2024,58(6):1107-1120,1232.

YE Q L,WANG W L,WANG Z.Survey of multi-objective particle swarm optimization algorithms and their applications|]J].
Journal of Zhejiang University (Engineering Science),2024,58(6):1107-1120,1232.

6] Zlets LA EAR AR BT R 7 B K B IO A PR O AL AT 5 1)), N R B, 2022,44(7):69-74.

LI C L,YANG K,CAI Y C,et al.Research on optimal allocation model of water resources based on improved particle
swarm optimization algorithm[J].Yellow River,2022,44(7):69-74.

[7] DONG W,Q Y.Data—driven solution for optimal pumping units scheduling of smart water conservancy[J].IEEE Internet of
Things Journal,2020,7(3):1919-1926.

[8] LIU Y,YANG T.Irrigation canal system delivery scheduling based on a particle swarm optimization algorithm[J]. Water,2018,
10(9):1281-1281.

(91 =R . KL T Ob kL 7 BEFE 10 2 HARDEAL AT FE[D]. 5 FH: 5 M RO K 7%,2022.

LI N N.Research on multi-objective optimization problems based on improved particle swarm algorithm[D].Guiyang: Guizhou

Minzu University,2022.



%184 B O BAFATRAS ARETHILZOHBRIINEEL AR - 81 -

[10] BRI B AT 25 TR 0T AR BSIURE SR 30005 2211 K K da B 7, 2022,42(1):75-79.

CHEN J R,ZHAO Y J,REN L,et al.Collapse scheme of rubber dam group in Yihe River based on numerical model[J].Ad-
vances in Science and Technology of Water resources,2022,42(1):75-79.

(11] R TR, im0 5 BT s R SR B /K 2 2 B AR B 29 SR B{E IR 0. 2K R 24 912,2024,55(6):631-642,665.
TIAN S M,JIANG E H,WANG Y J,et al.Research on constraint thresholds for multi-objective scheduling of reservoirs
based on Yellow River basin system governance[J].Journal of Hydraulic Engineering,2024,55(6):631-642,665.

[12] 22 5. ZYARBNGA T8 B MR R T (D] KR R B TR 22,2015,

JIANG X.Study on the flow discharge characteristics of multi-level rubber dams joint scheduling[D].Taiyuan:Taiyuan Univer-
sity of Technology,2015.

[13] X1 58 20A: 25 BRSO, 55 . BB GUK EEREIR G AL R B2 R B 9T (0], K )27 180 Ji,2007(6):8 16-822.

LIU P,GUO S L,ZHANG W X.,et al.Derivation of optimal operating rules for cascade reservoirs[J].Advances in Water Sci-
ence,2007(6):816—-822.

[14] 2= FHAR #E5k &5 TR SCAR /N ST TR K B RB IR RH#,2023,41(8):52-55.

LI Y,ZOU J,ZHANG L,et al.Study on ecological flow of small watershed based on hydrological method|J].Water Resources
and Power,2023,41(8):52-55.

[15] BB FEEZE 85 LT U E B TR 007 ROK XK B IR0 B2 (. K B8R 4R 47,2022,38(2):91-96,127.
WANG W J,FANG G H,LI Y,et al.Optimal operation of water resources in plain slope water area based on improved

multi—objective particle swarm optimization algorithm[J].Water Resource Protection,2022,38(2):91-96,127.

[16] QTAO WB,YANG Z.Modified dolphin swarm algorithm based on chaotic maps for solving high—dimensional function optimi-
zation problems[J].IEEE Access,2019,7:110472-110486.

[17] IMBKH. A B KRS i 22 H b 22 03 i AL S e /K P A A 88 v g D). N R BR YL, 2021,42(6):8-13.

SUN Q R,LI Y,TANG Q.et al.Application of improved multi-objective differential evolution algorithm in the optimal opera-
tion of reservoirs[J].Pearl River,2021,42(6):8—13.

(18] &= M EER . AL B AETE AR T R )AL E 0y R FH ()], 5 PRI G R 22240 B SRR 1R),2022,39(5):127-133.

LI X,DONG Y M.Application of an optimized quantum ant colony algorithm to TSP problem[]J].Journal of Chongqing Nor-
mal University (Natural Science),2022,39(5):127-133.

[19] xR A X 55 . 3haS 2 HAREALHT TSR] T L2441, 2020,43(7):1246-1278.

LIU RC,LI JX,LIU J,et al.A survey on dynamic multi—objective optimization[J]. Chinese Journal of Computers,2020,43(7):
1246-1278.

[20] BB, EIFF.%  WB.5%5 . NHI NSGA- Il -AdaBoost 75 ¥4 ¢ - S A Jo X R 7 B B S Y A Ay s D], R ARl R 2
#2,2024,55(7):71-82.

ZHOU X L,WANG K Y,QIN N,et al.Construction of a soybean yield prediction model using NSGA- Il —AdaBoost method
integrated with soil physical properties[J].Journal of Northeast Agricultural University,2024,55(7):71-82.

[21] =300 R 78 A3, 55 .k T SO ORE s A Al ML s A 22 B A LR O vk 5B D). 1 ARl R 27270417, 2024,47(4):
823-834.

LI W F,XU L,YANG L L.et al.Multi field path planning method and experiment of agricultural robot based on improved
ant colony algorithm[J].Journal of Nanjing Agricultural University,2024,47(4):823-834.

[22] ZEAE R 250 AR, A EL A BT SA-NSGA- TSR /K 2 22 F RO AL R L AT ST 7K HL RE DR 42,2024,42(2):183-187.

LI C LLI X JJIN Z K,et al.Study on multi—objective optimal scheduling of reservoirs based on SA-NSGA-1I algorithm[J].
Water Resources and Power,2024,42(2):183-187.

(23] ¥ A2 AR T UK TR B I R AR BE AR AR AR VTR R ] /KR4 41.2022,53(3):253-269.
HUANG Y,YU S,LUO B,et al.Development of the digital twin Changjiang River with the pilot system of joint and intelli-
gent regulation of water projects for flood management[J].Journal of Hydraulic Engineering,2022,53(3):253-269.

[24] XY WK T U RLEARL T RO AL 5535 7K B G B A AR B 107 FHTD]. N R BT, 2024,46(11):74-79.

LIU H B,JIAN H R.Water allocation model based on coevolutionary particle swarm optimization algorithm and its applica-
tion[J].Yellow River,2024,46(11):74-79.

[25] 5k ¥, 5K R B I A WILAE B0 P SUURE IR K B IR 25 R BE WFE D], o AR R K R K L, 2022(5):147-151,156.

ZHANG T,ZHANG Z L,QIAO Y G,et al.Research on the flood resources joint operation of the sluice dam group in the
plain river[J].China Rural Water and Hydropower,2022(5):147-151,156.

[26] X5 MBEG L . BE T Rl E a4 Sk A B ARSI BE L AL, N R ER],2020,42(3):150~154.

DENG H,HAO R X.Scheduling optimization of cascade rubber dam based on improved genetic algorithm[J].Yellow River,
2020,42(3):150-154.



