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Scenario 1 Scenario 2 Scenario 1 Scenario 2
Flow parameters Q(md3s?) 100 100 100 100
S 0.0016 0.0016 0.0016 0.0016
f(m) 0.5 Depth depended variable 0.5 Depth depended variable
Roughness coefficients N1 0.02 0.02 0.02 0.02
nz 0.018 0.018 0.018 0.018
ns 0.015 0.015 0.015 0.015
C1 0.6 0.6 0.6 0.6
Cost coefficients C2 0.1 0.1 0.1 0.1
C3 0.2 0.2 0.2 0.2
C4 0.4 0.4 0.4 0.4
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Table 2. Lower and upper bound of decision variables

Decision variable Lower bound Upper bound
d(m) 0 10
b(m) 0 10
VA 0.1 2
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Table 3. Results of sensitivity analysis of bat algorithm for different investigated sections and scenarios

. . . Minimum Maximum Minimum Maximum
Sections Scenario Population
frequency frequency loudness loudness
Scheme 1 First scenario 100 0 5 0.1 0.9
Second scenario 100 0 5 0.1 0.9
Scheme 2  First scenario 100 0 5 0.1 0.9
Second scenario 100 0.1 5 0.2 0.9
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Table 4. Results of 15 random run for introduced sections under different scenarios

. . Scheme 1 Schem2
Number of iteration - - - - - -
First scenario Second Scenario First scenario Second Scenario
16.821 14.908 17.997 16.033
1 16.807 14.908 17.996 16.082
2 16.807 14.996 17.996 16.106
3 16.807 14.908 17.995 16.082
4 16.807 14.908 17.996 16.101
5 16.807 14.908 17.995 16.098
6 16.807 14.947 17.996 16.098
7 16.807 14.935 18.006 16.082
8 16.807 14.928 17.996 16.117
9 16.807 14.913 17.996 16.113
10 16.807 14.947 17.996 16.114
11 16.807 14.908 17.996 16.082
12 16.807 14.908 18.000 16.093
13 16.807 14.941 17.996 16.082
14 16.807 14.934 17.996 16.082
15 16.821 14.966 18.006 16.133
Worst 16.808 14.925 17.997 16.102
Mean 16.808 14.908 17.995 16.082
Best 0.00020 0.00130 0.00015 0.00100
Global Optimum (LINGO) 16.808 14.908 17.995 16.082
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Fig 4. Convergence curve for different schemes and models. a) section 1 and first scenario,
b) section 1 and second scenario, c) section 2 and first scenario, d) section 2 and second scenario
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Table 5. Channel construction cost (Thousand Indian rupee) for different sections

Section

First scenario Second scenario

Trapezoidal (Das, 2007b)

Parabolic with horizontal bed (Das, 2007a)

General Elliptic (Easa, 2016)
Inverse cycloid
Inverse cycloid with horizontal bed

22.742 22.829
22.185 22.326
20.91 20.91
16.808 14.908
17.995 16.082
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Table 6. Optimal dimension of introduce section under different scenarios

Inverse cycloid cross section

Inverse cycloid cross section with
horizontal bed

Optimum dimensions First scenario

Second scenario

First scenario Second scenario

BA LINGO BA LINGO BA LINGO BA LINGO
b(m) 0.000 0.000 0.000 0.000 1.000 1.000 1.000 1.000
y(m) 0.852 0.853 0.569 0.569 0.988 0.988 0.576 0.576

z 1.281 1.281 2.000 2.000 1.161 1.161 2.000 2.000
f(m) 0.500 0.500 0.189 0.189 0.500 0.500 0.190 0.190
AfL(m?) 0.000 0.000 0.000 0.000 1.488 1.488 0.765 0.765
Af2(m?) 12.907  12.906  11.577 11577 12778 12778  11.830  11.830
Af3(m?) 12.907  12.906  11.577 11577 12778 12778  11.830  11.830
Atf(m?) 25814 25812 23154 23154  27.044  27.044 24425 24425
PfL(m) 0.000 0.000 0.000 0.000 1.000 1.000 1.000 1.000
Pf2(m) 4.935 4.936 3.386 3.386 4.562 4.561 3.423 3.423
Pf3(m) 4.935 4.936 3.386 3.386 4.562 4.561 3.423 3.423
Ptf(m) 8.790 8.792 6.772 6.772 10124 10122  7.846 7.846
Rw(m) 2.937 2.936 3.509 3.509 2,671 2.672 3.113 3.113
feost (thousand 16.808  16.808  14.908  14.908 17.995  17.995  16.082  16.082
Indian rupee)
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Abstract

The shape of the artificial channel sections and their optimal design by artificial intelligence
methods can have significant effects on lowering the costs of constructions. In this study, an
artificial channel with inverse cycloid and its optimal design by bat algorithm was introduced for
the first time. Two schemes of sections were proposed: inverse cycloid without horizontal bed
and inverse cycloid with horizontal bed. For optimal designing of proposed section, two
scenarios were defined: channel with fixed freeboard and channel with variable freeboard. In
both scenarios, Manning equation was used as a constraint and Horton equation was used for
considering equivalent roughness. Based on sensitivity analysis, optimal parameters of the
proposed algorithm were determined. Bat algorithm has been implemented randomly for each
section and for each scenario for fifteen times, and coefficient of variation and speed of
convergence were estimated. To find out the accuracy of bat algorithm in the global optimum
determination, a comparison between solutions of bat algorithm and lingo software was made.
Eventually, results from optimal design of proposed sections were compared with trapezoidal
channel, parabolic with horizontal bed channel, ellipsoid channel, and general ellipsoid channel.
Results from random runs of bat algorithm indicated that coefficient of variation for defined
sections and scenarios were about 0.0002 to 0.0013. Convergence curves showed that the
algorithm was convergence for all sections and scenarios in 1000 repetition. Findings of bat
algorithm and lingo software also demonstrated high accuracy of mentioned algorithm in
determination of global optimum. Furthermore, using proposed sections, compared with other
common sections, led to 34.7 percent decrease in construction costs. Among sections and
scenarios investigated here, the inverse cycloid wunder second scenario was found more
economical, up to 17.15 percent.

Keywords: Artificial Channel, Bat Algorithm, Channels sections, Lingo Software



