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ABSTRACT: Estimating the roughness coefficient of erodible open channels plays an important role
in their hydraulic design. This parameter also is important for the development of numerical models.
For this reason, several empirical methods have been presented so far to estimate the roughness
coefficient, while these methods are not sufficiently accurate. In this paper, the so-called Artificial
Neural Networks (ANNs) and Adaptive Network-Based Fuzzy Inference System (ANFIS) methods
as soft computing methods are used to estimate the roughness coefficient in erodible open channels.

To achieve this, none-dimensional water depth with sediment particle averaged size (h/d50 ), shear

Keywords:

Reynolds numbers (R. ) , Sheilds parameter ( @ ), and none-dimensional sediment falling velocity with Estimation
shear velocity W/ U, ) in channel obtained by Buckingham dimensional analysis are considered as input Rough

oughness

variables. Final results show ANFIS (r2 =0.8433) and ANNs (r2 = 0.8515) model performance
in comparison to empirical methods and regression-based methods like Multilinear regression and erodible open channel
multi nonlinear regression methods to estimate the roughness coefficient. Evaluation of the input ANNs

variables’ effectiveness on the coefficient via a sensitivity analysis versus the variation of error ANFIS

estimation by elimination of variables shows effectiveness of variables like shear Reynolds number

and none-dimensional water depth usually ignored in empirical methods. The final results showed that

due to complicity of sediment transport mechanism in erodible channels, models developed here can be

a suitable alternative to estimate roughness coefficient.

1- INTRODUCTION

Estimation of the roughness coefficient is an important
issue for cost-effective hydraulic design of erodible channels.
Also, accurate estimation of this parameter is essential for
numerical modeling of fluid flow in the open channels. To do
so, many experimental attempts have been dedicated to achieve
some representative empirical formulas for estimation of the
roughness. These formulas are commonly extracted based on
fitting a function between the roughness coefficient and its
effective variables (Sumer et al., 1996). Evaluation of these
techniques in various conditions convinces their deficiency
to estimate the coeflicient in different conditions. This issue
might go back to the different hydraulic conditions leading to
user’s confusion. Inaccurate estimation of the coefficient either
may lead to the none-economical design of channels or their
inefficient dimensions. Despite the importance of accurate
estimation of the coefficient, researchers have never agreed
on a union formula. In other words, numerous researchers
have introduced various formulas to estimate the roughness
coeflicient. The main objective of this paper is the application
of the Artificial Neural Networks (ANNs) and Adaptive
Network-Based Fuzzy Inference System (ANFIS) features as
implicit function approximators to find relationships among
effective input variables and the roughness coefficient as the
*Corresponding author’s email: m.zanganeh@gu.ac.ir

output variable. These approaches have been previously used
by many researchers to predict some hydraulic processes.
In recent years, the soft computing-based approaches such
as Artificial Neural Networks (ANNs) and Fuzzy Inference
Systems (FISs), Genetic Programming (GP), Support Vector
Machines (SVMs) and so on are used to predict complex
phenomena or to estimate functions representing a complex
physical process. In the field of scour around pipelines
and bridge piers Kazeminezhad et al. (2010) used ANN to
estimate scour around marine pipelines induced by waves [1].
Zanganeh et al. (2011) employed a PSO-FIS-PSO model to
estimate the equilibrium depth of scouring beneath pipelines
imposed by uni-direction currents [2].

2- METHODOLOGY

Due to the complicity of flow field and sediment transport
in erodible channels and also ignoring many important
parameters on channel roughness in the previous works, in
this paper, new models are attempted to be developed for
estimation of the parameter by ANNs and ANFIS models. To
achieve this, a function representing the relationship among
effective parameters on roughness coefficient is defined as
follows:

Z(ks,dso,h,w,ps,pf,U/,g,,uf) =0 (1)
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Fig. 1. the training process in the ANFIS model by normalized
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Fig. 4. Measured roughness coefficients values versus estimated
ones by ANFIS
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Fig. 5. Measured roughness coefficients values versus estimated ones by ANN

in which Z is a function, &, is roughness coefficient, dso
is average particle size, / is water depth, w is fall velocity, p,
is sediment density, p, is fluid density, U, is shear velocity,
g is gravitational acceleration, and g, is dynamic viscosity.

Using Buckingham theorem, the non-dimensional form
of the equation to estimate the roughness coefficient can be
extracted as follows:\

S s dg ke 0m)U,)
dso

(2)
in which f is a none-dimensional function that can either

be an implicit function like the ANFIS -based model or ANNG.
R« is shear Reynolds number and @ is Shield’s parameter.

3- RESULTS AND DISCUSSION

To develop ANNs and ANFIS selected data sets from
Summer et al. (1996) work [3] categorized as the training,
validation and testing data sets have been selected randomly
in order to have models with acceptable generalization
capability. From 158 data points gathered by Summer et al.
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(1996) 100 data points are chosen randomly as training data
points, 18 data points are used as validation data points, and
the remaining 40 data points are used as the testing data.
After selection of the ANFIS and ANNs parameters,
the training process of the ANFIS models for both models
trained by real (ANFISR) and normalized (ANFISN) data for
estimating the roughness coefficient are shown in Figures 1
and 2. Decreasing trend of the RMSEs for training data sets
error in the ANFISN reassures either fair selection of input
variables or fuzzy IF-THEN rules parameters. As it is apparent
from Figure 2 in the ANFISR the errors associated with
the training is high. These errors prove the ANFISN model
performance in comparison with the ANFISR model from an
error estimation viewpoint. Evaluation of the input variables
effectiveness on the coefficient via a sensitivity analysis versus
the variation of error estimation by elimination of variables
shows effectiveness of variables like shear Reynolds number
and none-dimensional water depth usually ignored in
empirical methods as shown in Figure 3. However, evaluation
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Table 1. Statistical characteristics of the models

Yalin

MNLR | MLR
(1992)

-0.549 | -0.523 1.321

1.531 1.898 2.330

. Sumer
Wilson
Index etal.
{1989}
{1996}
Bias 2.95 3.35
RMSE 3.46 1.75
R? 0.5354 0.4863

0.6286 | 0.4662 | 0.5226

versus testing data, as shown in Figures 4 and 5 and Table 1,
proves ANN model superiority against empirical models and
multi-regression methods.

4- CONCLUSIONS

In this paper, so-called ANFIS and ANNs model and
Multi Regression (MR) methods are employed to extract
implicit relationships among the roughness coefficient and
input variables involved in estimating the coefficient. Besides,
conventional empirical formulas are implemented to evaluate
the models. Results show that the employed methods are more
accurate than empirical methods while other parameters like
none-dimensional water depth and shear Reynolds number are
recognized as effective variables on the roughness coefficient.
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134 [33.33333| 264000 1.06 1.352273 23
135 [32.56667 | 418200 2.45 0.853659| 12.79
136 25 169780 1.19 1.117917 3.96
137 25 174200 1.26 1.089552 3.69
138 [25.23077| 179920 1.34 1.054913[ 3.76
139 [27.69231| 182000 1.38 1.042857 4.21
140 |25.57692| 185640 1.43 1.022409 3.96
141 | 26.92308 | 161200 1.07 1.177419 2.81
142 [27.03846 | 213980 1.9 0.886999| 4.64
143 | 28.23077 | 228280 2.16 0.831435 6.47
144 | 28.69231| 233220 2.25 0.813824 7.29
145 | 28.84615| 218400 1.96 0.869048 5.44
146 |38.46154 | 166400 1.14 1.140625 2.36
147 |38.84615| 176800 1.3 1.073529 2.35
148 | 38.84615| 182000 1.38 1.042857 2.3
149 [39.23077| 182000 1.38 1.042857( 2.38
150 [40.38462 | 197600 1.63 0.960526 | 3.23
151 |[40.38462 | 223600 2.06 0.848837 4.51
152 [ 41.92308 | 226200 2.12 0.83908 4.71
153 [40.76923 | 235300 2.29 0.80663 5.4
154 |[186.6667 | 10680 0.41 1.123596 1.54
155 190 12840 0.6 0.934579 4.73
156 |[188.3333| 11460 0.48 1.04712 1.98
157 [184.3333| 14640 0.78 0.819672| 5.84
158 |[188.3333| 13200 0.63 0.909091 3.08

no h/ds, R ] w/U, kyds,
90 214.5 34440 4.31 0.266312 9.24
91 213.5 35880 4.68 0.261438 | 10.92
92 218.5 36840 4.92 0.252207 | 12.49
93 220.3333| 37680 5.16 0.248447| 13.38
94 231.5 35100 4.48 0.249688 9.54
95 |[803.8462| 5590 0.88 0.27907 3.6
96 |793.8462| 6253 1.1 0.24948 4.88
97 795.3846| 6175 1.07 0.252632 4.39
98 790.7692 6682 1.26 0.233463 5.68
99 |781.5385| 6916 1.35 0.225564 | 5.78
100 |[784.6154( 7046 1.4 0.221402 4,77
101 | 778.4615 7072 1.41 0.220588 4.39
102 | 779.2308| 7514 1.59 0.207612 5.9
103 | 775.3846| 7605 1.62 0.205128 | 4.58
104 |776.1538| 7735 1.69 0.201681 5.22
105 |775.3846( 7969 1.78 0.195759 4.82
106 |776.9231| 8034 1.81 0.194175| 4.33
107 |793.0769| 8177 1.88 0.190779| 5.56
108 | 792.3077| 8463 2.02 0.184332 5.61
109 |804.6154( 8801 2.18 0.177253 6.51
110 |798.4615| 8515 2.04 0.183206| 3.69
111 800 8749 2.15 0.178306 4.04
112 | 26.66667 | 270000 1.02 1.322222 2.39
113 27.3 282000 1.11 1.265957 2.83
114 | 28.33333| 270900 1.03 1.317829| 2.88
115 | 33.33333( 240000 0.87 1.4875 1.94
116 28.5 270900 1.03 1.317829 2.72
117 | 28.66667 | 274800 1.06 1.299127| 2.78
118 |[27.06667 | 291600 1.19 1.22428 2.59
119 | 28.66667 | 282300 1.12 1.264612 2.88
120 | 27.76667 | 315000 1.39 1.133333 3.96
121 |28.93333| 287700 1.16 1.240876| 3.06
122 | 33.33333( 225000 0.76 1.586667 1.77
123 27.7 334800 1.57 1.066308 4.75
124 | 29.13333| 290400 1.18 1.229339 3.04
125 28.5 376500 1.98 0.948207 8.05
126 | 28.66667 | 375000 1.97 0.952 7.82
127 | 29.63333 | 290400 1.18 1.229339 2.87
128 | 33.33333| 243000 0.89 1.469136| 2.31
129 | 29.46667 | 304800 1.3 1.17126 2.92
130 | 29.53333| 297600 1.24 1.199597 2.66
131 | 30.16667 | 321000 1.44 1.11215 4.03
132 | 33.33333| 267000 1.08 1.337079| 3.09
133 30.8 348900 1.7 1.023216 5.11
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