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Planning of tree-type irrigation pipe network based on the
dual-frequency bat algorithm

LYU Shilei*?, LU Sihuat, WEI Zhiwei?, LI Zhen*?", WU Benleit

(1.College of Electronic Engineering, South China Agricultural University, Guangzhou, Guangdong 510642, China;
2.Division of Citrus Machinery, China Agriculture Research System, Guangzhou, Guangdong 510642, China)

Abstract: An improved planning model of tree-type irrigation pipe network is proposed with the purpose of minimizing the
expenditure of construction. Pipeline connectivity is guaranteed by using the concept of high-level nodes. Meanwhile, an
improved dual-frequency bat algorithm(DFBA) is proposed to balance the diversity and convergence of the proposed
algorithm by dual-frequency strategy. The optimization 100 dimension results of 12 test functions indicate that the DFBA can
enhance global search capability effectively in comparison to the genetic algorithm, the particle swarm optimization
algorithm and the original bat algorithm. Finally, planning experiments are performed on 2 pipe network cases, which consist
of 10 nodes and 34 nodes respectively. Compared to the original bat algorithm, the mean values of investment cost obtained
using the DFBA can be reduced by 23.60% in the pipe network of 10 nodes, and 31.03% in the pipe network of 34 nodes,
respectively.
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1 Table 1 Test functions
(fi~fs)  PSO BA
f.  Sphere 0 [-100,100]
GA (fe~f)  BA f, Shifted Sphere 450 [~100,100]
PSO DBA fy  Zakharov 0 [-10,10]
IBA fs  Schwefel 0 [-10,10]
fs  Shifted Schwefel -450 -100,100
(f11~f12) DFBA o L ]
fe  Shifted Rosenbrock 390 [-100,100]
f;  Griewank 0 [-600,600]
(fo~f12) DFBA fs  Ackley 0 [-32,32]
“ ” DFBA fo  Rastrigin 0 [-5.12,5.12]
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Fig.1 Fitness curves of 100D test functions
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Table 2 The parameters of pipe network with 10 nodes
xim y/m G/m Q/(m3-h™) /mm I -mY
0 737 1305 220 —245 50 2.5
1 272 1147 190 25 75 3.6
2 863 899 193 30 90 45
3 1459 1168 191 30 110 6.2
4 1831 741 190 30 125 7.0
5 460 656 191 30 140 8.6
6 1219 664 190 25 160 11.0
7 1534 118 189 25 180 13.0
8 287 281 189 25 200 15.6
9 1001 347 189 25 225 19.2
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Table 3 The investment cost of various algorithmsin for 10
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Fig.2 Pipe network planning results with 10 nodes
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Table 4 The parameters of pipe network with 34 nodes
x/m /m x/m /m
y G/m Q/(m*.h™) y G/m Q/(m*.h™)
0 2085 1320 250 =790 17 1411 1703 225 30
1 1810 1470 238 30 18 2184 521 224 25
2 2586 1510 237 30 19 575 734 223 20
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x/m /m x/m Im
y G/m Q/(m*.h™) y G/m Q/(m*.h™)
3 1535 431 236 25 20 2420 1150 221 25
4 2210 1165 235 30 21 611 1335 221 25
5 1570 689 235 25 22 1363 1511 221 25
6 2681 1570 235 30 23 2681 377 220 20
7 1727 920 234 20 24 2339 1652 220 20
8 427 1765 234 25 25 1121 1250 219 20
9 1649 1389 232 30 26 1435 1359 219 25
10 1906 899 231 25 27 2071 1143 218 25
11 373 1209 231 25 28 2408 851 217 25
12 976 1455 230 25 29 964 1637 216 20
13 1008 725 227 25 30 2259 925 216 20
14 2190 1031 227 20 31 1785 1098 216 20
15 1230 1373 226 20 32 1329 769 215 20
16 870 1922 225 20 33 2018 421 214 20
5
27
PSO GA BA 4 LHig
DFBA
107 091 2
0,
BA 31.03% DEBA
DFBA
DFBA
DFBA
DFBA 3
#=5 MTREMSEENREER DFBA
Table 5 The investment cost of various algorithms for pipe
network with 34 nodes
/ / /
GA 122 725 145 951 177 794
PSO 120 743 140 391 167 204
BA 169 991 185 806 203 343 DFBA
DFBA 107 091 128 158 148 015
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