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Abstract
Introduction: Weirs are hydraulic structures with a various application as a flow
measurement, flow diverting, and/or flow control. Weirs are designed under free-flow
conditions meaning tailwater is lower than weir crest. In this state, flow passing the weir is
governed by the weir geometry and the approaching flow condition. When the tail-water
exceeds the crest elevation, the weir is submerged. Under submerged conditions for a certain
discharge, a higher upstream head is required to pass the flow relative to the free flow state.
Therefore, the submerged head-discharge relationship is different from free condition one.
According to the literature, there are three main methods to extract the relationship between
dependent and independent variables: experimental methods, classic regression equations,
and intelligent algorithms. The previous researches showed that more studies have been
performed experimentally to predict the head-discharge relationship for linear and labyrinth
weirs while using artificial intelligence has been proved to include more accuracy to adapt
complex hidden relationships among dependent and independent variables. In this paper, two
intelligent algorithms namely SVM and GEP have been applied to extract the relationship
between a submerged head-discharge function for linear and labyrinth weirs. The results of
these two mentioned algorithms were compared with experimental and regression modeling.

Methodology: To simulate H'/H, using SVM and GEP, two scenarios were defined. At the first
scenario, the amount of H/H. for labyrinth submerged weir was modeled using five
dimensionless parameters as Fri, Cs, Hi/Ho, Ho/P and «. For the SVM algorithm, the Nu-class
classification method with Redial Basis Function as Kernel function were selected using setting
parameters as Y and Nu. GEP was applied as another algorithm to model H/H, for the
labyrinth weir. In the second scenario, SVM and GEP were applied to predict H/H. for the
linear submerged weir. To compare the performance assessment of an intelligent algorithm,
two types of equations were obtained using classic regression models. The first one was the
extracted relationship of Tullis et al. (2007) and the second one was the SPSS regression
equation. All simulations were compared with four assessment criteria as root mean square
error (RMSE), determination coefficient (R?), relative error (RE), and standardized developed
discrepancy ratio (ZDDR). Sensitivity analysis was the last step of the H/H, prediction.

Results and discussion: Training and testing phases of SVM and GEP were assessed using the
above four mentioned assessment criteria. The included dimensionless parameter for the
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submerged labyrinth weir to predict H/Ho were Fri, Cs, Hi/Ho, Ho/P and o whereas for the
second scenario only Fr: and Hs/H., were opted as the effective parameters. The amount of
RMSE, R?>, MARE and ZDDR for SVM at the first scenario during training and testing phases
were calculated as (0.0081, 0.9999, 3.34, 66.496) and (0.0104, 0.9996, 1.741, 45.267) respectively.
Those of GEP were obtained as (0.2225, 0.9986, 4.42, 23.48) and (0.0157, 0.9992, 0.533, 19.73)
respectively. According to these values, SVM was selected as the superior model than to GEP.
A comparison was done between SVM and other regression simulations. The values of
mentioned assessment criteria for Tullis et al.’s relationship and SPSS extracted equation were
computed as (0.02855, 0.9990, 1.756, 19.115) and (0.0307, 0.9990, 8.503, 20.875) respectively.
Therefore, among all the used predicting the head-discharge relationship of labyrinth
submerged weir, the SVM model was selected as the best model. Sensitivity analysis was
performed to determine which parameter has the most effect on the head-discharge
relationship. This procedure was done with dropping each of five included parameters and
computing four mentioned assessment criteria. According to the calculation, the most
significant parameter based on the most decrease of SVM accuracy was Fri. In the second
scenario, a similar calculation was done on the linear submerged weir. The best performance
was accrued for the SVM algorithm for training and testing phases. The corresponding
accuracy indices values during testing phase for SVM and GEP were (0.0066, 0.9996, 0.320,
67.91) and (0.0088, 0.9998, 0.5432, 63.73) respectively. The priority of SVM performance than
to the classic regression equations namely Tullis et al.”s (2007) relationship and SPSS equation
were proved with the accuracy indices. The amount of assessment criteria values for two above
mentioned models were (0.0118, 0.9997, 0.653, 60.69) and (0.0507, 0.9965, 3.444, 8.76)
respectively. According to the sensitivity analysis, the most effective parameters with the
highest impact was Hi/Ho in the linear submerged weir.

Conclusion: The results showed that intelligent algorithms have the most performance than
to the other classic and experimental relationships to extract the head-discharge relationship
for the submerged labyrinth and linear weirs. Of two SVM and GEP models, the first one was
the top model for the labyrinth and linear weirs head-discharge relationship prediction. It's
recommended to use an intelligent algorithm to predict and extract the complicated and
hidden relationship among dependent and independents variables.
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GEP Jaw sl S5 5,
Table 4 Parameters values used to predict E—O in labyrinth
weir in GEP model

Parameters value
Head size 7
Chromosomes numbers 30
Number of genes 3
Mutation rate 0.044
Inversion rate 0.1
One-point recombination rate 0.3
Two-point recombination rate 0.3
Gene recombination rate 0.1
Gene transposition rate 0.1
IS transposition rate 0.1
RIS transposition rate 0.1
Fitness function error type RMSE
Linking function +
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Table 6 Assessment of ;[— predictors in labyrinth weir

Predictor R?2 RMSE RE  Zppr(max)
SVM 00996 00104 0741 45267
GEP 0.0992 00157 0533 19.73

Eq. 20 0.0990 00307 8503 20.785

Tulliset 9990 0.0285 1756 19.115
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Model 2

name Phase R RE RMSE  Zpor(max)

SVM Train  0.9999 3.34 0.0081 66.496
Test 09996 1741 00104 45267

GEP Train 09986 442 02225  23.48
Test 09992 0533 0.0157 19.73
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GEP algorithm
Number  Function Definition
1 F1 +,- X
2 F2 +,-,+,%,5in,cos, tan,power
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4 F4 +,-,+,X,exp,power,Arctg
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o
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Parameters value
Head size 8
Chromosomes numbers 30
Number of genes 4
Mutation rate 0.044
Inversion rate 0.1

One-point recombination rate 0.3
Two-point recombination rate 0.3

Gene recombination rate 0.1
Gene transposition rate 0.1
IS transposition rate 0.1
RIS transposition rate 0.1
Fitness function error type RMSE
Linking function +
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Table 9 Summery results of SVM and GEP algorithm for
linear weir
Model 2
name Phase R RE ~ RMSE  Zppr(max
SVM Train  0.9998 0439  0.0077 52.764
Test 09996 0.320 0.0066 67.91
i . 7 .0121 7.
GEP Train 09996 0.785 0.0 37.63
Test 0.9998 0.5432 0.0088 63.73
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Fig. 10 Expression tree of linear submerged weir
regression equation

Bima s 5y (03l p gdolae (230 o Ve S

Slie (nidntr s 5 0/0 9 10 G5 4 NU
IS sl @ wad e 2 slaasls
0331 5 2isel sleal B (b SVM 5 GEP (slapz, ;55
;0 ZDDR(MaXx) i .l ool ools jlad VY S o
5 OYIVFE o5 4 GEP 5 SVM clyy jeel sal o
PYIVY 4 PVIAY i s oyom)] oal ol g TVISY
5| Sl>ZDDR(Max) asles slajee lons dmsloce
Ao sl e GEP & cod SYM Jow (5, 5
Vg 5o bl slagasls Gl Koo sloass
iloas &l

S9) odd odls il Sl Geem S, salsles
SPSS I33le 15 sl eolaiwl b e gz 5 patins 53y s slroold
bl sbpatls Glaglne (n a4 e &S
el VY galolas 1,8 4 08,5 )l

*

T =[-3.78F0%543.74(74) 007 4 Fry+ 22 (22)

Ol bl o laslisl glas a 565 Jloges VY IS o

Journal of Hydraulics
15 (2),2020

160



y¥aa owu’ Y G)M AT G),b)

Sdgyome

Comwlus Joloxi g 4 520 -F-¥
5 &1o, NS Gy 0 Colas Judoxi g 4525 ploxdl
s slaaminl§ 5 s sl e i b s
bl el Sy
Ot b el bl sl el slacs 2y s
Bris S1o, S 50 sl SYM o 681 o S 5
L2 s 28 Cd Friod sleamialp p Jeiie
b ool B Jsaz o odd drbe b)) glamsls
i WSy s slaamiald | S i
D dlne 0)ligd (610,55 ) 50 (25l Lo eSS
ol S8 falS op idn ols (LS ladrale @l
slazlis e ols &) Frioasiul 3 Bi> L SVM

()

d.w.:LD.A sl 00 djl)‘ AR de} )Q Frl RS L Jaj.:]a
PP il pw g G b))l slagasld Glis o
Glo TS 55 y0 ol ol oo ools L VIS

Syl Jak poadaly jo 1y 156 oy ion Frsae ¢35

B Sl 58 o) oo Sl Jelos 5 025 1) Jgux
Fri s> L
Table 11 Sensitivitty analysis of labyrinth submerged
weir with Fr1 dropping

Model name Phase R? RE RMSE
SVM Train 0.5248 10.25 0.5897
Test 05472 9.875 0.6054
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Fig. 14 Sensitivity analysis of submerged labyrinth weir
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Fig. 12 Standardized normal distribution graph of DDR
values for SVM, GEP, Eq. 22 and Eqgs. (3 and 4)
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Table 10 Assessment of :—o predictors in linear
submereged weir

Predictor R? RMSE RE ZDDR(max)
SVM 0.9996 0.0066 0.320 67.91
GEP 0.9998 0.0088 0.5432 63.73
Eq. 22 0.9965 0.0507 3.444 8.76
Tullis et al.
(2007) 0.9997 0.0118 0.6530 60.69
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Fig. 13 Measured-Predicted values of gin confidence
level 95 percent for linear weir
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