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Multi-objective Optimization Method of Machine-pressed Drip Irrigation
Pipe Network System Based on Investment Cost and Reliability

HE Wuquan' ZHAO Keyi' WANG Yubao' LI Bo’ HE Zhengyu'
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid Areas, Ministry of Education,
Northwest A&F University, Yangling, Shaanxi 712100, China
2. Power China Northwest Engineering Co. , Lid. , Xi’an 710065, China)

Abstract. Drip irrigation is one of the irrigation methods with the most significant water-saving effects in
modern agricultural irrigation. How to improve the reliability of drip irrigation pipe network systems while
reducing project investment and operation costs is a key issue that needs to be addressed urgently in
optimal design. Aiming at the characteristics of machine-pressure drip irrigation, a multi-objective
optimal design mathematical model for machine-pressure drip irrigation pipe network systems was
established with the objectives of minimizing the annual investment cost of the pipe network, the mean
value of node surplus head, and the variance of node surplus head. An improved harmony search
algorithm was proposed to solve the multi-objective optimization model, along with its methods and steps.
In constructing the optimization model, the pipe network system was divided into units of levels, strips,
and sections, making the established optimization model universal. Taking a machine-pressure drip
irrigation project in Xinjiang as an example, this method was used to optimize its pipe network.
Compared with the original design scheme, the optimized scheme reduced the annual investment cost of
the drip irrigation system by 4. 97% , the mean value of node surplus head by 16. 84% , and the variance
of node surplus head by 12.47% . The optimization results showed that this method can not only
effectively reduce the investment cost of the pipe network system, but also significantly reduce the mean
value and variance of node surplus head, thereby reducing the pressure deviation and failure frequency of
the pipe network system and improving its reliability.
Key words: machine-pressure drip irrigation; investment cost; reliability; improved harmony search
algorithm ; multi-objective optimization
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Fig.1 Schematics of machine-pressed drip irrigation

pipe network system
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Tab.1 Design parameters of machine-pressed

drip irrigation pipe network system

Tab.2 Pipe specifications and unit prices
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Tab.3 Hydraulic parameters of each node in field

pipeline network for original design scheme in zone IV
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L JE/m  mm  K/m  Z/m Kk/m k/m KJ/m
Ja1 62.17 200 1.85 -0.35 27.80 19.72 8.08
Ja11 48.50 200 1.52 0.30 28.78 16.12 12.66
J412 97.00 200 3.47 -0.10 26.43 15.80 10.63
J413 97.00 200 4.55 -0.10 25.35 15.48 9.87
J414 97.00 200 5.64 -0.10 24.26 15.17 9.09
J415 97.00 200 6.72 -0.20 23.08 14.85 8.23
J416 97.00 160 5.34 -0.10 24.56 13.93 10.63
Ja17 97.00 160 7.03 -0.10 22.87 13.01 9.86
J418 97.00 160 8.71 -0.10 21.19 12.09 9.10
Ja19 97.00 160 10.39 -0.10 19.51 11.17 8.34
J42 124.34 200 3.24 -0.35 26.41 19.72 6.69
J421 48.50 200 3.78 0.20 26.42 16.12 10.30
J422 97.00 200 4.86 0.10 25.24 15.80 9.44
J423 97.00 200 5.94 0.10 24.16 15.48 8.68
J424 97.00 200 7.02 -0.10 22.88 15.17 7.71
J425 97.00 200 5.05 -0.10 24.85 14.85 10.00
J426 97.00 160 6.73 -0.20 23.07 13.93 9.14
J427 97.00 160 8.41 -0.20 21.39 13.01 8.38
J428 97.00 160 10.09 -0.10 19.81 12.09 7.72
1429 97.00 160 8.34 0.10 21.76 11.17 10.59
43 124.34 200 4.62 -0.20 25.18 19.72 5.46
J431 48.50 200 3.80 0.20 26.40 16.12 10.28
1432 97.00 200 6.25 0.10 23.85 15.80 8.05
433 97.00 200 7.33 0.10 22.77 15.48 7.29
J434 97.00 200 8.41 -0.10 21.49 15.17 6.32
1435 97.00 200 9.49 -0.10 20.41 14.85 5.56
J436 97.00 160 8.12 -0.20 21.68 13.93 7.75
1437 97.00 160 9.80 -0.20 20.00 13.01 6.99
438 97.00 160 11.48 -0.20 18.32 12.09 6.23
439 97.00 160 13.16 -0.10 16.74 11.17 5.57
AR E/m 8.83
HAKKITE/m? 2.89

BRI B - S8R ke, FRE,

PRAES BT 0 120. 67 T 00, B AR K IIE N 3.9 m, 5
AT 20 3.3 m o MR T O &L Ak &
ey BB 6.31 T1on, FEAREL BT 4. 97% 5 1 5 E A
Kk BIERFEAR 0. 79 m, FEAK 16. 84% 5 75 51 & 2K Sk
Jr2EEAR 0. 47 m*  FRAIK 12.47% . oo, H ) 45 )
BeBEI D 9. 43 Jro, fiK T BTN 3. 12 Ji o6,
FET ) A5 190 45 T P AR A D DR 7, A IR A o A 7
AR S 57 S EER AR/ Tk T
GETT i 9 2 BN AE T, T T ) I A R Ak
AR ROK T R 2, TR, A )s B
WA A 32 B - DA AL BETH T R A L I 7 2
A8 R A A AR AL . QLA BT 7 AR S A St T
AR . R RACKBE SRR Rk T 22
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Tab.4 Hydraulic parameters of each node in field

pipeline network for optimized design scheme in zone IV

WB HR/ KL B EERK BTFRK mATK

T KBE/m mm  %&/m %/m %k/m k/m %/m
Ja1 62.17 200 5.57 0  23.43 14.12 9.31
Ja11 43.65 160 5.92 0.1 23.18 13.77 9.4l
Ja12 87.30 160 6.60 0.2 22.60 13.57 9.03
Ja13 87.30 160 7.29 0.1 21.81 13.37 8.44
Ja14 87.30 110 8.00 -0.1 20.90 12.17 8.73
Ja15 87.30 110 8.72 -0.1 20.18 10.98 9.20
Ja21 43.65 160 5.92 -0.1 22.98 13.77 9.21
Ja22 87.30 160 6.60 -0.1 22.30 13.57 8.73
J423 87.30 160 7.29 -0.1 21.61 13.37 8.24
Ja24 87.30 110 8.00 -0.1 20.90 12.17 8.73
J425 87.30 110 8.72 0.1 20.38 10.98 9.40
Ja2 124.34 200 6.73 0 22.27 14.12 8.15
J431 43.65 160 7.07 0.1 22.03 13.77 8.26
Ja32 87.30 160 7.75 0.1 21.35 13.57 7.78
J433 87.30 160 8.44 0.1 20.66 13.37 7.29
J434 87.30 110 9.15 -0.1 19.75 12.17 7.58
J435 87.30 110 9.87 -0.1 19.03 10.98 8.05
Ja41 43.65 160 7.07 -0.1 21.83 13.77 8.06
Ja42 87.30 160 7.75 -0.2 21.05 13.57 7.48
J443 87.30 160 8.44 -0.2 20.36 13.37 6.99
Ja44 87.30 110 9.15 0  19.85 12.17 7.68
Ja45s 87.30 110 9.87 0  19.13 10.98 8.15
J43 124.34 200 7.88 0.1 21.22 14.12 7.10
Jas1 43.65 160 8.22 0 20.78 13.77 7.0l
Ja52 87.30 160 8.90 0.1 20.20 13.57 6.63
J453 87.30 160 9.59 0.1 19.51 13.37 6.14
Ja54 87.30 110 10.30 -0.1 18.60 12.17 6.43
J455 87.30 110 11.02 -0.1 17.88 10.98 6.90
Ja61 43.65 160 8.22 -0.1 20.68 13.77 6.91
J462 87.30 160 8.90 -0.2 19.90 13.57 6.33
J463 87.30 160 9.59 -0.2 19.21 13.37 5.84
Ja64 87.30 110 10.30 -0.2 18.50 12.17 6.33
J465 87.30 110 11.02 -0.2 17.78 10.98 6.80
EHARKLBE/ m 7.68
WAL T2 /m? 2.58

RS WATEERERA

Tab.5 Annual investment costs for water transmission

main pipeline Ti ot/ A
S A 1 5 B¢ B4 2 F,
LS 7.86 1.47 9.33
(RIS 11.03 1.42 12.45
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Tab.6 Hydraulic parameters for each node of water

transmission main pipeline in original design scheme

WK R/ AkHUER %k Ak EA

-
P JE/m  mm  K/m Z/m Kk/m k/m KJ/m
JO 128.6 315 0.54 0.20 29.66 26.86 2.380
J1 9.6 200 0.65 0.02 29.37 20.48 8.89
J2 529.0 200 6.21 0.50 24.29 21.19 3.10
J3(J4) 53.6 200 1.06 0.02 28.96 19.92 9.04
BHARKLBE/m 5.96
W AOK Sk 7 % /m’ 9. 06

KT RUBHARBKTFESTAKASH
Tab.7 Hydraulic parameters for each node of water

transmission main pipeline in optimized design scheme

Hh B/ kk HBE SPRK EK EAR

WK KE/m mm #E/m Z/m L/m L/m KkL/m
JO 128.6 315 0.49 0.20 28.71 27.60 1.11
J1 274.1 200 2.71 0.30 26.59 17.38 9.21
2 640.0 200 10.11 0.45 19.34 17.98 1.36
Jo’ 24. 4 200 0.72 0.10 28.38 21.30 7.08
13 266.3 200 3.32 0.15 25.83 17.61 8.22
J4 465.7 200 5.03 -0.50 23.47 16.99 6.48
AR H/m 5.58
AR I 2/ m 10. 17
3 iFie
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Tab.8 Comparison of optimized design schemes

with three algorithms and original design scheme

HS-BA  PSO GA

mH LS
ERR R/ T T 30.49 28.24 28.93 29.16
7R AR BE/m 8.83 7.68 8.06 8.14
W 5w Ak k7 25/ m? 2.89 2.58 2.69 2.73
AR AR/ % 7.38 5.12  4.36
W E AR Sk A R R % 13.02  8.72 17.81
AT E ARK Sk T 2 BRI % 10.73  6.92  5.54
—— HS-BAE
—— PSOE:
GABYE
l l 1 |
0 100 200 300 400
HEARIREL

&4 3 Rkl 2
Fig.4 Convergence curves of three algorithms
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