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Abstract

So far, several researchers have conducted many studies on the effective
parameters in the design of river breakwaters, which are mostly laboratory-based
and are used for limited conditions. Therefore, the aim of the present studywas
to optimal design of structure and to present analytical results of Zanjanrood
river breakwaters (in terms of length and distance between two consecutive
breakwaters) using two optimization meta-heuristic algorithms including the
Gray Wolf Algorithm (GWO) and the Election Algorithm (EA). The results
were compared with artificial neural network (ANN) method. The data used
were randomly divided into two parts: 75% for calibration and 25% for test. The
performance of the proposed methods was evaluated using the statistical
indicators of coefficient of determination (R?), root mean square error (RMSE)
and mean absolute error (MAE). The optimal length of the breakwaters
according to the results of GWO and EA algorithms was 19.26 and 18.12 m,
respectively. Moreover, the optimal distance between two consecutive
breakwaters in the optimal state was calculated to be 52.56 m. On average,
according to the results of the optimization, an increase of 28.4 and 35% in
length and distance between two consecutive watersheds in Zanjanrood River
should be done to be within the recommended design criteria. In comparison
with two methods of EA algorithm and artificial neural network (ANN), based
on statistical indicators, the results of GWO algorithm with values of R? = 0.96,
RMSE 0.022 and MAE = 0.016 has a higher efficiency.
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Designing River Groynes

Introduction

One of the structural approaches for indirect
protection of riverbanks are groynes, which are
of great importance in the development and
biological stabilization of riverbanks. Several
researchers have conducted many studies to find
the optimal parameters in designing the river
groynes, which are mostly laboratory-based and
used for limited conditions.

Materials and Methods

In the present study, using two optimization
meta-heuristic algorithms, including the grey
wolf algorithm (GWO) and the election
algorithm (EA), an optimal design is proposed to
identify optimal parameters of the groynes
including length and distance. The results are
compared with the artificial neural network
(ANN) method. The data used were randomly
divided into two parts: 75% for training and 25%
for testing. To evaluate the performance of the
algorithms, three statistical measures consist of
R2, RMSE and MAE were utilized. Fig. 1 shows
the flowchart of the EA. Moreover Table 1
tabulates the parameters used in GWO and Ea

algorithhms.
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Fig.4 Flowchart of the election algorithm
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Table 1 Parameters used in GWO and EA algorithms

Algorithm Parameter Value
Number of wolves 100
GWO Min range 30
Max range -30
Initial population 100
Number of candidates 7
EA Number of voters 93
Coalition rate 0.2
Selection rate 0.3
Results

The statistical results show the optimal length is
18.12 m, and the optimal distance between two
successive groynes is 52.56 m. According to the
results, an increase of 28.4% and 35% in the
length and distance between two consecutive
groynes in the Zanjanrood river should be
performed, respectively, within the
recommended design criteria.

In Figs. 2 and 3, the maximum relative error and
RMSE values of each of the methods used in
estimating the optimal length and distance of
Zanjanrood river breakwaters are presented,
respectively. According to these figures, the
values of evaluation indicators for the GWO
algorithm are in a more appropriate and
acceptable range than the artificial neural
network method and the EA algorithm. Due to
the fact that the GWO algorithm is compatible
with a smaller number of parameters compared
to the two methods of EA and artificial neural
network, so the results are more desirable in
optimizing the dimensions of the structures of
Zanjanrood river breakwaters.
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Fig. 2 Maximum relative error in the used methods
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Conclusion

The results showed that the GWO algorithm has
a good performance in optimizing the design
parameters of Zanjanrood watersheds by taking
into account the geometric parameters (S, S/L
(L,), respectively, with values of R? = 0.96,
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RMSE = 0.022 and MAE = 016, respectively.
The values optimized using the GWO algorithm
are more in line with the design criteria of river
breakwaters compared with the values obtained
by the EA algorithm and the artificial neural
network method. The GWO algorithm minimizes
the values of the objective function to a better
value than the EA algorithm. Moreover,
according to R?, RMSE and MAE criteria, GWO
algorithm had better performance compared with
the other two methods and in terms of efficiency
in first place, then EA algorithm in second place
and ANN method in third place.

Data Availability
The data used in this research are presented in
the paper.
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(Ostadi et al. 2014) 54

Wy NI U
ad ot Al il s Rug depSac]
b olensa o) o lbwip G S
Al ha (M) (a0l Jobo Ls pgo (Sa0
Seiol atles odgazme o jloe (Siwiol Gee
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Table 1 discharge with different return periods

T (year) 2 5 10 20 50 100 200 1000
Q (m3/s) 85 146 210 271 390 440 520 752
Silwaine @l 3l sse (Sdgyas 5 (o Slasine -V Jsar
Table 2 Geometric and hydraulic specifications required for optimization
¢ DS n D50 L total B SO w
B7 2650 0.038 0.11 17000 100 0.005 61

EA 3 GWO (slag o5l )5 oolinuls e slo el b =Y Jou
Table 3 - Parameters used in GWO and EA algorithms

Algorithm Parameter Value
Number of wolves 100
GWO Min range 30
Max range -30
Initial population 100
Number of candidates 7
EA Number of voters 93
Coalition rate 0.2
Selection rate 0.3

Environment and Water Engineering

EA s GWO lapn )5l gl oS j5tarea
e gy 098] Cewoty gl alalls 5 (x

sz 3 Ll ol o8 4t ol 2l o sl
Eel pls Ojgmoany Laosls (50,55 lg sloass asl,l (V)

lools g, mlil 0gi o Jao Cds g Ce s ol S
da—d opll i (V) alal) &)90am Jos 4 (63959
.(Larose, 2014)
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1Determination Coefficient
2Root Mean Squared Error
3Mean Absolute Error
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Table 4 Comparison of the length of groynes of Zanjanrood
Algorithm/Criterion GWO EA ANN Designed Design criteria
Length (L) 19.26 18.12 18.04 15 20
Distance (S) 52.56 49.10 46.5 38 56

Table 5 Comparison of geometric characteristics of groynes

Design

Algorithm/Criterion GWO EA ANN criteria Designed
Length (L) 19.26 18.12 18.04 20 15
Distance (S) 52.56 49.10 46.5 56 38
Distance to length ratio (S/L) 2.74 2.70 2.57 2.8 2.53

i ol p b gl ol b blie bpSao
] 00 c\j‘)‘ s(?) JS» B Lbuiwu]

GilwJle p jlso Byl cdua &b aneS eile polae
Aol syl [L Ve jo Gad Qlgx b slal >l slass 5 00l
alold 3 Job pizmen 5 oolaiuly,ge slapi sl Iy

EA s GWO slapn )65l 5l oolawl b asb p glyzl b Ve (sl Gun ol Jlas 5 oSk polie -F Jgax
Table 6 Mean and minimum values of the objective function for 10 times of program execution using GWO and

EA algorithm
Objective function . The distance
Algorithm values Normallzgd. Executable Groyne between the
Average  Minimum standard deviation number length groyne
GWO 5.46x10° 5.76x10° 0.007 10 19.26 52.56
EA 6.15x10°  6.54x10° 0.015 8 18.12 49.10

o (gilwaiwns o3 Job a5l o1 el cpl Jdo
slalzlslass 55 g GWO 0,6 Sl )0 puo—al iio
sl Ve el o Slsa Jeam) (God Cle b
(V) Jgizr )3 ol oo BA 02,551 5l Gy (4l
95 9 EA 5 GWO (slapzyjs Sl ool o 8o
) oS alols 5 Jyb (65ladings ;3 ANN

! 00

0,951 50 sl eslawl L 4 S ccul ] Sl b
Cwdd sy ali o (gl wlie Ul > EA 3 GWO
L GWO i 1550 5l ol gl g el oiel
= Xen poe Jdod OIVEXY P el aiS
Lo g ool Soplae oo S ol Sigel 5 @ o
Gae ol jlacie xSla> GWO (0,651 (6,5 ,LSas
Ao LS LV ID EA g5 S Ll o

oo Saol alolé 5 Job (s3luascte 9 ANN (35, s EA 5 GWO sl )53 3,510 285 -V Jsoor
Table 7 Accuracy of estimating GWO and EA algorithms and ANN method in optimizing the length and
distance of groynes

Parameter R2 RMSE MAE
Algorithm ANN EA GWO ANN EA GWO  ANN EA  GWO
Length (L) 0.89 092 096 008 0038 0024 0025 0023 0016
Distance (S) 0.95 091 095 009 0035 0022 0027 0021 0015
Distance to length 0.89 093 097 0075 0037 0020 0030 0023 0018
ratio (S/L)

ANN g, 3 EA 0,550l b awslis ;0 GWO o3, )63
slas e coiia () 5 ) sbSs o sl
5 osliiuls 50 sl b, 5| o e RMSE olie 5 (s
9,0l ailssg; lagSaol alold § Job aig 3591
sl azlis polie SS (pl 4 azgd b .l ool 45|
5 ol osgume ;5 GWO ol sl b))
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