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Table 1. Details of data used in experiments
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Table 2. Correlation matrix obtained from factorial analysis

Slo yww dso/y Fm Dgr As y/dsg dso/Dgr dse/D Cv
dso/y 1.00 -0.72 0.81 0.59 -0.70 -0.29 0.89 0.66
Fm 1.00 -0.71 -0.45 0.76 0.32 -0.74 -0.49
Dgr 1.00 0.14 -0.70 -0.22 0.88 0.54
As 1.00 -0.42 -0.33 0.44 0.35
y/dso 1.00 0.44 -0.73 -0.48
dso/Dgr 1.00 -0.38 -0.28
dso/D 1.00 0.64
Cv 1.00

Ny ym dso/ y Fm Dgr AS y/ dso dso/ Dgr dso/D Cv
dso/y 1.00 -0.52 0.80 0.43 -0.69 -0.13 0.78 0.83
Fm 1.00 -0.72 -0.32 0.65 -0.15 -0.75 -0.45
Dgr 1.00 0.10 -0.76 -0.14 0.97 0.50
As 1.00 -0.33 0.44 0.20 0.38
y/dso 1.00 -0.09 -0.78 -0.46
dso/Dgr 1.00 0.06 -0.27
dso/D 1.00 0.43
Cv 1.00
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Fig. 1. Statistical parameters of GPR model with different kernels function- smooth bed pipe
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Table 3. Results of the determined models analysis

L) s,z
R RMSE R RMSE
As, Fm 0.530 0.188 0.507 0.199
Dgr, Fm 0.748 0.145 0.729 0.148
As, Fm, Dgr 0.880 0.079 0.873 0.083
Slo iy As, Fm, y/dso 0.890 0.073 0.881 0.080
As Fm, Dgr,dso/D 0.913 0.066 0.883 0.079
As, Fm, Dgr, y/dso 0.960 0.055 0.940 0.067
As , Fm, Dgr, dso/y 0.973 0.041 0.962 0.052
Jygcam As, Fm 0.480 0.196 0.445 0.199
Dgr, Fm 0.698 0.154 0.659 0.157
As, Fm, Dgr 0.875 0.084 0.871 0.092
As, Fm, y/dso 0.895 0.076 0.879 0.082
As Fm, Dgr,dso/D 0.912 0.076 0.880 0.081
As, Fm, Dgr, y/dso 0.953 0.046 0.922 0.066
As , Fm, Dgr, dso/y 0.986 0.032 0.980 0.057
As, Fm 0.530 0.188 0.507 0.199
S Dgr, Fm 0.748 0.145 0.729 0.148
As, Fm, Dgr 0.880 0.079 0.873 0.083
Wesls As, Fm, y/dso 0.890 0.073  0.881 0.081
As Fm, Dgr,dso/D 0.913 0.066 0.883 0.080
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o e 4 g g . e
) dl+] e L o e L
g os o0 g R N4
'.E o4 ;,.,; 5 O E I _E o4+
= 02 | A = ooz f g oozt
. rough bed Ra 0 = smooth bed
0
0 0204 06 0 1 0 02 4 e 08 1 0 02 04 06 08 1
Measured C.. Observed C,. Measured C,
Lr Testing set 1 [ Testing set I 1 Testing set
o1 08 + o d'[lE r = /8
. o o
= 06 | (=] E e r 2 e
% 04 % 'Il-':ri - % u-:4
S osmooth bed 02y roughbed & 02
1] I I I I i 0 L L L . ) 0
0 02 04 06 08 1 0 0204 06 08 1 0 o2 04 06 08 1
Measured C, Measured C, Observed C,

GPR glyal 5l Jols ggmy (29 00 gt (i 9 (1ol g li amylio .Y JSUS

Fig. 2. Comparison of the observed and predicted sediment discharge results obtained
from GPR
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Table 4. Parameters of GEP models used in this study

b ol )y by Lyohl olabiss byl s oleabil
Function set +,-,%,/,V, X% Linking function ~Addition
Fitness function error
Chromosomes 30 type RMSE
Head size 7 Mutation rate 0.044
Inversion, IS and RIS
Number of genes 3 transposition rate, 0.1
One and Two-point recombination rate 0.3 Gene recombination '
and transposmon rate
s gr S (g) A lie .0 Joao
Table 5. Comparison of the artificial intelligence models
L) sz
Ll Je 09 igel al>po Silesl al> e
RMSE R RMSE
L As , Fm, Dgr,
Slo dsoly GPR 0.973 0.041  0.962 0.052
GEP 0.963 0.051  0.945 0.059
i S gm/’yDgr’ GPR  0.986 0.032  0.980 0.057
50
GEP 0.955 0.048  0.921 0.051

sanlie 13,5 dwlxe (RMSE) Juo clas objl lee g i 1y
b gl o 0jlasl 9 7 ()3 olaas e gl pojgeg S olaas b Jao a5 035
Gl & o gox Ngm &l pizmen an> (o0 Sl (68 sl Y
©)go & bl lal il Jobs ol 035 (5855 gls 4 oxie 0y
el CBd 23)5 o odaliie a5 job led .Cawl o o> lis B ol
ol b atle a8 S3IGPR g, 4 cans GEP g, 5| Juols
dass 0f Ol ity gy 3l Jolbs @l & cusl S5 4 a3V b
©ge 4 GPR | ol gls Jg o392 63,0 dlaly L olyon 5 0
4 GEP i ! il dols claJseyp ail oo o g e né

o 5 iy i) (B slaSlas | S 5 345 il 5
o Jlie 5 degomo .l 0003,5 odliw] ¥ Jods ollae (il g
2 P el Jold Jitus (glapiie «3uiod ] > by )8 4
9+ d — Jv::lw 0 0l odlaiwl Lgl.b ,iLo&/ MLL;o Cgm) JLO.Q‘ ‘eSS
Lol (208 Sas lois @ x2, x3, x13 ,\/ 5 ol Sas (lgis 4y x
s el opl Gilie a5 sl 5 0,8 OBl ¥ 5 ¥ sla o5

1 Mutation

2 Inversion

3 Recombination
4 Transposition
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Fig. 3. Comparison of observed and prediction from bedload semi-empirical equations and the best GPR model
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Fig. 4. Comparison of statistical parameters between semi-empirical equations and the best GPR model
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Fig. 6. Comparison of the observed and predicted sediment discharge results for pipe with differ-
ent roughness and diameters
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Table 6. Results of the pipe diameter effect
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) s cilojT > yo gl kb o lojT als 5o
R RMSE R RMSE
. _ 0.73
Vessey 0.968 0.057 D=100mm 4 0.181
. _ 0.79
Yéessypy 0.949 0.065 D=150mm 9 0.174
D=154mm 0';;0 0.171
D=300mm 0'59 3 0.088
D=305mm 0'194 0.078
D=450mm 0'99 0 0.099
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