F2HEESH
2024 4F 10 A

P 7K b 5 KRB B Cor e 30)
South-to-North Water Transfers and Water Science & Technology

Vol. 22 No. 5
Oct. 2024

JE T, i BH BH, XUBEHE, 26, ST IMOCS 5032 5 it ok B IR 22 F PR (IR BE [7]. kAL iR S K FIRHS: (H3E30), 2024, 22(5): 946-
958. XIHC, XIEY Y, LIU S Y, et al. Multi-objective optimal allocation of inter-basin water resources based on improved multi-objective

cuckoo search algorithm[J]. South-to-North Water Transfers and Water Science & Technology, 2024, 22(5): 946-958. (in Chinese)

HEF IMOCS E:EpyiEimigik & iR % Bir BT
JEoaEd Y, MmN R R, BFC RAS, AR E, X R’
(1. BRI KFIRIB T B e A BR A B, A 5L 2100005 2. 75 M KK FRk24 5 TR2ERE, Y195 454 225009;

3. VLR AT RER B A 5l TR ST rhLy, VIR $5H 2250095
4. MR BRI FIBESEBE, 1195 #H1 225009)

EE: A SOR S R BOK R 2 B AR U8R G 1) B, $2 ) —Fh ik 2 H AR A 45 2532 (improved multi-objective
cuckoo search algorithm, IMOCS) . £ %t £ H #5344+ 5 {4k 5 7 (multi-objective cuckoo search algorithm, MOCS) I

BT WA JR B S SR B e s, DR B R S AL, SR 3 N AR AR K s MOCS, TE

JI IMOCS 5595 o LR /K AU IR 7R £ AR VL 95 Bk o1, ) At 8 g Sk B8 U 22 F1 A IR FC A 28, 23331 R F IMOCS 711
MOCS SR LR, Jf 3z FH k7 2 4 WAL B4 A 67K B 20 A 10 6F 2 b 3803 T 5 £ Pareto fif 4R WEAT AT M o 45 SRR W

IMOCS TEWL St . 24145 Y RE Jr T L T MOCS,

He 515 5 9 & B i 19 Pareto 42 ; ABEE T 50%. 75% i

95% K IZE R i) MOCS JiT 3R i i) B DG e B 7 28, IMOCS JF 3R i it B DL e B 7 R Bk B &8 02112, 0.51 12
10.07 12 m®, # 2 KB4 B> T 0.13 42, 1.53 4251 1.11 42 m*, L, IMOCS A 2 B i 3k /K %8 ¥ £ H AR AL e

BITARMARNE LS %

KR 2 H AR A S50k 2 B AR L /KSR A O B /KL AR S TR VIR B

mESES:TV2139  XEIERER: A

IK BRI S AE A DAt ] S R A AR SRR
fa R e MY SRR A AR BRI, BAT B 28 43 A AN 41
FROE, H 5 2050 23 & JRACE R b 4548 4 Ji AN
FAVEHEC™Y . Ak, AMTTRBUES R TR R Rl TR
A8 il K R VR, B K RS YRR EC L I O e
PR AR & /K Y K 8 A K ik, ok 22 i
TR K 0, 2 G i DX K B 5 03 A AN 34
SEPRK R A P G B I R

% 5t 5 L AL VR T 22 LA B B AR IR I Ol 32, 1D
iy BT 25 It S K A O T A L DR AR D
B B AR TURAR, MR Al H AR AR R 2R S R T
Ab PR R AR S DUBIOK B (FRK ) S5 Rt/
oy F bR RN T K BRI AR A FERCAY, s 2 H b
[B] A A Ab hy B B IR R, 45 30 V95 B it 7K B AR Ak
VAR R . TR KUK &2 A Bk B R MY

hs B H#A: 2024-02-21 f&12] 5 #A: 2024-08-22

DOI: 10.13476/j.cnki.nsbdqk.2024.0094

S A Vi BEASE Y, ) 33 4 S0 R AT SR A, 75 BT
SRBCR KRR T 5 o SRR T 5 Sk 7Kk T 72
(R 7K B PR FE ), e — 90 S 22 F b ARZME 5
ZIRRY I 2% 22 FIAROL A TR o 214 P SR8 i e s 2 T
Xt Z2A~ HARI, — iy 5 F AR EE D5 % B AN BE T 2
AR RE SR, I LB U K R e i (%)
F AR I T8 AN T 3% 38 (4 947 07 3B [R) 39 5 22
[R] g 3 - 056 5 28 e A 7K 5 90 9 i o 2 o 42 2, 0
AR, PFZ I8N DA 5 s B IR A S D77
kT 2 2 HAR LR, A T —&
ROR, X LELE R R 2 AR LA 2 ek
WIRRGRWEE )k —. Pk, A0 ZIT R HH
EARA TIN5 UK BEIR 2 HARE LIRS

Hi s SR B PIE Yang ' @ T B4 S
TE O T O B A — R AREOL AL TA, T

[ £& HH R 18] : 2024-09-24
) £& H R 3k : https://link.cnki.net/urlid/13.1430.TV.20240923.1546.002

ELWB: E5K ARREILEITH (42401010); TLAE 2 E A FERELE (A SRBRA) BFFEIT H % B (24KIB570005) 5 TLAE Ry g K Al i
vk TARRFSE PO GRS H (ECHEAPO13); 2024 4E BE 7 M K28 A SCHE S B2 98 54 101 H (xjj2024-38)

YEEIAv: I (1998—), I, VTIRE =N, EEMFKFEBEMALIBCAHIT . E-mail: 1592943370@qq.com

WISVEE: I (1986—), 1, ILZARE ST A, BIBER, M1, FEAFKEERG T SI0ADI5E . E-mail: xieyangyang@yzu.edu.cn

c 046+ K KK B


https://doi.org/10.13476/j.cnki.nsbdqk.2024.0094
mailto:1592943370@qq.com
mailto:xieyangyang@yzu.edu.cn

JEi#, % HT IMOCS H ik i i5 H K %R £ B v LR B

WA RZHR K AT R W RCRTE & i
2 HARMEAL ) 8, Yang %51 45 & Pareto i 115K
wg, #E—2B 3T T 2 B bR A A 5 00 AL SR (multi-
objective cuckoo search algorithm, MOCS), iZ%5-7: H
P DOk, PSS E00 T B 55 TS AL A,
FEOU B e S SOt I B, BT N Tk
B4 TREEN ., A e A BE T ek £ B br
i 4 SO SR i ke T B oK s 2 B AR AL A
JIE ), A5 B K L s K Gl R o Al 7 A A
R & 2 H ARG A 5 D0 A 505 SR At i 7K £ 4= 18]
JIE ] R, kNG AT IR ORI 22 H AR A AR S 1
AT SR i 15 /K A B BEAFE AN HH K K AR A . (H
MOCS WAFTEZS 5y Fa N Jri i e A i, 1247 I W9l s
S A5 R

Ry LA L ) B, AR S ek R B e AR TR T
Fe 3, SR IR 7 91 400 di Ak 5 B2 8, FH R fin i Ao
B2 SR AR 2 R [ 28 K AR ALK IR
B A i R AR B AT Bl AR U Y AR s B S R B
IESEAE RS WA AR A I, A5 550 AR =L
fic 5t 1% % 72: ( non-dominated sorting genetic algorit-
hms- I, NSGA- IT') 172 5 % W % MOCS 4R 1 545

— 2R G N RALE, #E—R m AR B, B
R 22 H AR A A 5 A 46 55 2k (improved multi-
objective cuckoo search algorithm, IMOCS) . LLFg7K
CH AR TRRVT 950 B (AT R RRVL 950 88) R 45, 453l
K] IMOCS Fil MOCS SR AT 75 Bok E i 2 H AR
AR RO, dz L T 41 G WA -3 67 8 B2 A i o Xof
J7 REEAT I VMY, B VTR BOK B IR A A e
E

1 FAREXH#R

1.1 AP 50 X

VLR BORAE T KL TR R LR |, P K
PRIZK AL ] AU A, 2 28 A TR I A 5 /K 9% U™
i T ) RO o S SR R ™ Ry A AR TR T
T IE E B8 1 AV IR B ) 32 B T RS AT A, A4
VLI B B M T2 R E R R AT &
ES0L 1 W LA D N = S 117 S K R S 1IN S 1 N
THEE -0 TH 15 | 0% h I L 6 I DU L e DU 6
A2 AKX, B BRI Al 32 7K IR AR BRI, 8
IR RIS 1 KR, LR R GR B
A, UL 1,

Pl 4]
PR iy

= R KL ik

0 X

[ VL PR 4 X )

[T b8 -3 T DX )

[ 5% 5381 - g DU 38 1X 1]

1 BEKILAREZIELABRKRRERSEHLE

Fig. 1 Generalized water resources system of the Jiangsu Section of South-to-North Water Transfers (J-SNWT ) Project
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Fig. 2 Total water demand among the intervals of the J-SNWT Project
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Tab. 1 Soil permeability parameters
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Tab.4 Convergence result of three algorithms
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ZDT1 MOCS 2.79E-04 2.04E-09 8.77E-03 1.43E-06 2.94E-04 8.80E-09
NSGA-1I 3.69E-04 1.41E-08 1.44E-02 2.62E-07 4.08E-04 5.80E-09
IMOCS 9.59E-05 3.47E-11 8.76E-03 6.24E-07 2.97E-04 5.73E-10
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Fig. 5 Pareto solution set after 5 000 iterations of the two algorithms
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Tab. 5 Convergence values of hypervolume metrics
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Tab. 6 The weight distribution table of two scheme sets under the three incoming water conditions

P=50% P=75% P=95%

A S S Ja S5 S S I Ji S5 S S b Ja S5

TEE  NE

W, 039 013 018 0.13 0.16 047 012 015 012 0.13 050  0.13 0.13 0.12  0.12
TTREL W, 0.17  0.11 0.11 023  0.39 0.17 014 021 029  0.19 0.17 014 021 029  0.19

w 028 012 014 0.18 0.28 032 012 013 018 0.26 033 012 012 018 0.26

W, 038 014 014 013 021 050 013 012 012 0.13 054  0.11 0.12 012 0.12
Gk ) W, 0.17  0.11 0.11 023  0.39 0.17 014 021 029  0.19 0.17 014 021 029  0.19

/4 027 013 012 0.18 0.30 033 012 012 0.18 0.26 035 0.11 0.11 0.17  0.25
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Tab. 7 The index values of the six optimal allocation schemes
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Fig. 6 The optimal allocation schemes comparison diagram under the three incoming water conditions
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Fig. 7 The optimal allocation schemes under the three incoming water conditions
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Multi-objective optimal allocation of inter-basin water resources
based on improved multi-objective cuckoo search algorithm

XI Haichao'?, XIE Yangyang™*, LIU Saiyan’, MAO Qing’, ZHANG Qin’, HU Huaging’, LIU Chenye’
(1. Nanjing Water Conservancy Planning and Design Institute Co., Ltd, Nanjing 210000, China; 2. College of Hydraulic Science and Engineering,
Yangzhou University, Yangzhou 225008, China; 3. Engineering Research Center of High-efficiency and Energy-saving Large Axial
Flow Pumping Station, Jiangsu Province, Yangzhou University, Yangzhou 225009, China; 4. Modern Rural Water

Resources Research Institute, Yangzhou University, Yangzhou 225008, China )

Abstract: For inter-basin water transfer projects, the water conflict between society, economy, ecology, and other
sectors makes the water allocation process more complicated. The optimal allocation of water resources was one of
the most effective ways to alleviate the conflict between water supply and demand. It was necessary to implement an
effective water resources optimization allocation concept in inter-basin water transfer projects to ensure the efficient
implementation of inter-basin water transfer projects. This study presents an improved multi-objective cuckoo
algorithm to effectively solve the multi-objective optimal allocation problem of inter-basin water resources.

To address the shortcomings of multi-objective cuckoo algorithm such as slow convergence speed and easy to
fall into local optimal solutions, chaos theory and variation mechanism were introduced, and adaptive discovery
probability and step size were used to improve multi-objective cuckoo algorithm and enhance the overall

performance of improved multi-objective cuckoo algorithm. A water resources optimal allocation model of the
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Jiangsu section of the South-to-North Water Transfers Project was established. Improved multi-objective cuckoo
algorithm and multi-objective cuckoo algorithm were adopted to solve the water resources optimal allocation model,
respectively. A non-negative matrix factorization method based on combined weighting was used for scheme
evaluation.

The results show that: improved multi-objective cuckoo algorithm was better than multi-objective cuckoo
algorithm in terms of convergence, distribution, and overall performance, and was capable of yielding higher-quality
Pareto solution sets; Compared with the optimal allocation solution solved by multi-objective cuckoo algorithm
under the 50%, 75%, and 95% incoming water conditions, the total water shortage of the optimal allocation solution
solved by improved multi-objective cuckoo algorithm was reduced by 21 million m’, 51 million m’ and 7 million m’,
and the water loss was reduced by 13 million m’, 15 million m’ and 11 million m’, respectively.

Therefore, improved multi-objective cuckoo algorithm could provide an effective algorithmic reference for the

calculation of multi-objective optimal allocation of inter-basin water resources.

Key words: improved multi-objective cuckoo search algorithm; multi-objective optimization; water resources

optimal allocation; Jiangsu section of the South-to-North Water Transfers Project

(L35 945 7 )

of 4.93% reduction in electricity consumption costs. At the same computational budget, solving the optimization
model using trigger levels for optimization was proved to be significantly more efficient compared to the time-table
schedule. This efficiency stemmed from the smaller search space available when trigger levels were employed.
Through a comprehensive comparative analysis encompassing variations in trigger levels, pump statuses, and their
response to varying electricity tariff periods, it became apparent that the dynamic adjustment of trigger levels in
tanks enabled flexible pump scheduling and optimized storage capacity utilization. Contrasted with fixed trigger
levels, the lower trigger-off level effectively minimized stored water volumes during peak tariff periods, harnessing
the storage capacity of water tanks at a lower budgetary cost while mitigating redundancy in nodal pressure. In
contrast to explicit time-table schedules for pumps, the inclusion of water trajectory considerations in tanks
promoted proactive pump switching to prevent tank backwater effects, indicative of reduced nodal pressure
redundancy.

The operational rule utilizing time-variable trigger levels allowed for pump switching at variable time steps,
enhancing flexibility in pump operation scheduling. This adaptive feature enhances the possibility of identifying
optimal solutions aligned with predefined objectives. In multi-pump, upstream-downstream joint water supply

systems, the scheduling with time-varying water level control can achieve more significant economic benefits.

Key words: water distribution system; time-variable trigger level; energy conservation and consumption reduction;

tank; optimal operation
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