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Fig. 3. Schematic view of used scenarios in study
GEP suici 5 sladds .Y Jgu
Scenario 1 Scenario 2
Fixed & movable beds Fixed beds Movable beds
Model Inputs Inputs Model Model Inputs
0) Fr FB(1) 25, Frm MB(1) 25, Fim
() Re FB(II) Dyr, Frm MB(I1) 28, Frm, Dyr
(1 Fr, yo/D FB(II) 25, Frm, Dyr MB(l1I) 28, Frm, Wo/Yo
(Iv) Re, yo/D FB(IV) s, Fumy yldso MB(IV) yS/D, Frm, Wo/yo
FB (V) 28 Frm, Dgr,dso/D MB(V) ys/D, Frm, Wu/yo, As
FB(VI) 25, Frm, Dgr, Y/dso MB(VI) 28, Frm, Dgr, Wofyo
FB(VII) 75, Frmy Dy, dsoly MB(VII) 25, Fum, Dyr, dsoly

Table 2. GEP developed Models
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Description of parameter Setting of parameter

Function set + -, %, [, VX, 0, X

Chromosomes 30

Head size 7

Number of genes 3

Linking function Addition

Fitness function error type Root Mean Square
Error

Mutation rate 0.044

Inversion, IS and RIS transposition rate 0.1

One and Two-point recombination rate 0.3

Gene recombination and transposition 0.1

rate

Table 3. Parameters of GEP models used in this study

A st o GEP (gladis & by 0 =k £d g

Performance criteria

Condition GEP model Train Test

R DC RMSE R DC RMSE

- 0) 0.825 0.7 0.092 0.751 052 0.11

g () 0.636 0.525 0.165 0.638  0.428 0.18
ES 0.85 0.721 0.088 0778 061  0.1017

Fixed bed (V) 0.8 0.61 0.131 0.78 0.53 0.11
_ 0) 0.858 0.76 0.096 0.84 0634  0.101

Sg () 0.691 0.584 0.162 0.65 0.54 0.175

RN (1) 0.889 0.8 0.095 0.859  0.65 0.094

(IV) 0.868 0.78 0.096 086 0635  0.099

> 0} 0.822 0.721 0.117 0.81 0.57 0.136

B8 0.73 0.59 0.158 0729 0.568  0.159

23 (N 0.841 0.725 0.109 0.82 0.69 0.131

Movable % (Iv) 0. 829 0.723 0.115 0814 0572  0.134
bed ° 0} 0.81 0.718 0.128 0.79 0.61 0.154
=R () 0.69 0.58 0.165 0651  0.58 0.182

So 0.82 0.75 0.107 0.81 0.7 0.142

© (V) 0.81 0.719 0.1279 0791  0.62 0.155

Table 4. The results of the GEP models under scenario 1
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Fig. 4. Comparison of observed and predicted valuse of test series under scenario 1
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Performance criteria

Condition GEP model Train Test
R DC RMSE R DC RMSE
FB(I) 0.48 0.35 0.198 0.36 0.24 0.219
= FB(1I) 0.724 0.551 0.155 0.714 0.521 0.159
g FB(II) 0.88 0.83 0.091 0.85 0.81 0.0947
% FB(IV) 0.915 0.832 0.0831 0.884 0.812 0.0843
g FB(V) 0.932 0.851 0.0789 0.878 0.814 0.0829
7] FB(VI) 0.932 0.868 0.076 0.91 0.83 0.081
Fixed bed FB(VII) 0.949 0.91 0.0688 0.936 0.89 0.073
xed be FB(I) 0.46 0.348 0.199 0.441 0.31 0.221
FB(I1) 0.695 0.46 0.161 0.653 0.429 0.168
E FB(II1) 0.89 0.798 0.0938 0.833 0.72 0.0951
= FB(IV) 0.911 0.86 0.0792 0.88 0.821 0.084
3 FB(V) 0.91 0.865 0.079 0.881 0.818 0.0843
x FB(VI) 0.95 0.91 0.055 0.92 0.828 0.061
FB(VII) 0.971 0.935 0.048 0.966 0.928 0.0501
MB(1) 0.981 0.961 0.032 0.87 0.69 0.064
8 MB(II) 0.982 0.964 0.0302 0.886 0.79 0.071
5 MB(III) 0.99 0.971 0.0225 0.96 0.88 0.0375
% MB(IV) 0.994 0.98 0.0221 0.966 0.924 0.029
5 MB (V) 0.99 0.965 0.027 0.93 0.889 0.0372
g MB(VI) 0.99 0.973 0.037 0.962 0.901 0.034
MB(VII) 0.992 0.97 0.0223 0.965 0.91 0.034
Movable
bed MB(I) 0.89 0.79 0.104 0.84 0538 0.169
° MB(II) 0.914 0.88 0.09 0.88 0.759 0.122
= MB(llI) 0.94 0.92 0.048 0.9 0.87 0.077
] MB(IV) 0.99 0.98 0.0316 0.98 0.93 0.049
= MB (V) 0.945 0.93 0.046 0.92 0.885 0.065
8 MB(VI) 0.97 0.94 0.044 0.95 0.91 0.052
MB(VII) 0.92 0.9 0.05 0.89 0.85 0.079
Table 5. The results of the GEP models under scenario 2
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Fig. 5. Comparison of observed and predicted valuse under scenario 2
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Fig. 6. Expression trees for the GEP model for rough bed.
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Performance criteria

GEP model Train Test

R DC RMSE R DC RMSE
Mixed data

2, Fm, Dy 0.749 0.53 0.189 0.729  0.5025 0.191
As, Fum, Y/dso 0.82 0.674 0.154 0.81 0.672 0.159
As Fim, Dgr,dso/D 0.803 0.635 0.158 0.782 0.54 0.162
s, Fim, Dgr, yldso 0.834 0.684 0.132 0.828 0.683 0.142
s, Fim, Dyr, dsoly 0.87 0.74 0.098 0.844 0.7 0.101

Table 6. The results of the GEP models for mixed data.
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Fig. 8. Comparison of prediction from bed load semi-empirical equations and the best GEP model
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Performance criteria

Formula Train Test
R DC RMSE R DC RMSE
Smooth bed Rough bed

GEP 0.936 0.89 0.073 0.966 0.928 0.0501
Ackers 0.6 0.148 0.24 0.35 0.121 0.26
Neilsen 0.54 0.121 0.255 0.281 0.09 0.268
Laursen 0.84 0.705 0.14 0.85 0.7 0.115
Mayerle 0.78 0.694 0.147 0.84 0.67 0.137
Formula Separate dune Continues dune

GEP 0.966 0.924 0.029 0.98 0.93 0.049
Ackers 0.8 0.66 0.085 0.75 0.5 0.31
Neilsen 0.71 0.65 0.107 0.56 0.21 0.47

May 0.9 0.78 0.064 0.85 0.76 0.085
Laursen 0.84 0.62 0.084 0.37 0.48 0.093
Mayerle 0.82 0.59 0.089 0.84 0.49 0.095

Table 7. Comparison of statistical parameters of semi-empirical equations and the best GEP model
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Abstract:

Accurate prediction of the sediment load is one of the important issues to water engineering. Due to
complexity of sedimentation phenomenon and influence of various parameters on estimation of sediment
transport rate, determining the governing equations are difficult, and classical mathematical models are not
sufficiently accurate in this regard. In the present study the applicability of Gene-Expression Programming
(GEP) for modeling bed load discharge in sewer pipes with different boundary conditions was assessed (i.e.
fixed and movable beds). Therefore different input models based on theoretical concepts were defined for
each boundary condition. In order to develop the models, under two scenarios, different input combinations
were considered, first scenario (Scenariol) which uses only hydraulic characteristics and second scenario
(Scenario2) which uses both hydraulic and sediment characteristics as inputs for modeling bedload
discharge. The sewer pipes experimental data available in the literature were applied for training and testing
the employed GEP. For evaluating the efficiency of the models three statistical indexes which called:
Determination Coefficient (DC), Correlation Coefficient (R) and Root Mean Square Errors (RSME) were
used. Then the accuracy and capability of several available bed load formulas such as Ackers, Neilsen, May,
Mayerle and Laursen were investigated and compared with GEP- best modes in each boundary. Also with
considering this point that may there is no information about bed boundary condition and for evaluating the
applicability of applied technique for a wide range of data; all data series of sediment transport were
combined. Then, for predicting Cv, as the dependent variable, several models of Scenarioa 2 analyzed for the
combined data. The obtained results confirmed the efficiency of Gene-Expression Programming method for
estimation sediment discharge in sewage pipes, and proved this method superior to the semi- theoretical
relationships. According to the results it was found that in scenario 1, for all of the cases, model (IV) with
input parameters of Fr and yo/D presented better performance than the others models, however it was
observed that Scenario 2, which took advantage of both hydraulic and sediment parameters as inputs for
modeling sediment discharge in sewer pipes performed more successful than Scenariol which used only
combinations of hydraulic parameters as input variables for models. Comparison between the results of
separate data sets and combined data set revealed that analyzing data sets separately led to more accurate
outcome. According to the results from fixed beds, it was found that adding F,, and dsp/y as an input
parameter increased the accuracy of the models. For both smooth and rough beds, the model with input
parameters As, Fr,, Dgr, dso/y presented better results from the RMSE, R, and DC viewpoints (i.e. highest R
and DC and lowest RMSE). For movable beds condition in the two cases of separate dunes and continuous
loos bedform, the model with input parameters of ys/D, F,, Wy/ys showed more accuracy. This model
showed the influence of flow depth and width and depth of movable bed in estimating of bedload transport in
sewer pipes. For loose beds F, has dominant role than other parameters.

Keywords: Sediment, Gene Expression Programming (GEP), Sewer pipes, fixed and movable bed.
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