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1- Artificial Neural Networks
3- Gene-Expression Programming

2- Adaptive-Network-based Fuzzy Inference Systems
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1- Support Vector Machines
4-Bayesian regularization algorithm

2- Random Forest
5- Multilayer Perceptron

3- Bayesian Regularization
6- Radial Basis Functions



Vo

Jiagd ligle) o 9 (sl Jad el golos Lo ple (uddl Lo

Voo i) g gl /VF o)l /pmdjlgd Jlo jusul 0jgn o pe doliiimnghs

=

Figure 1. Geographical location of Amirabad port
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Table 1. Meteorological variables and waves in Amirabad port (2018)
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1- Wavelet Theory
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Table 5. Results and characteristics of evaluation indicators of hybrid-wavelet models of artificial intelligence

d)Loi JLQPLS

Slej e b e R RMSE MAE NSE

(m) s (m) e
WANN (tansig-tansig-Y') «IAY o[evY ALES AR
JUESCRe WANFIS (-/v%) - 130A ofo¥Y RN NAVA
WGEP pAvE o[exY «[+YA +[AA-
WANN (tansig-logsig-Y) <[SAY <Y <IYYY «IYM
aelo ¥ Jloy b WANFIS (+/¥)) VY. NANY YNy /A
WGEP <Ivoy AN ARYS ~[ADY
WANN (tansig-logsig-Y) <[OYA AYay NAtat N Zal
aelo & Jloj p3b L WANFIS (+/1Y) -lo0s -1y -I¥OA -/5an
WGEP NS AN JIVEY AANS

ol Gpateby g Sogem mas—sib (linsl bl
pite sladie Jl So a bl oMo Sagomy
Bl 35 1y (loeliel) Sege LI sl Sk
(Floj slapl den sl bJae (sl le ) 9800

) e @l (Sogompun sloJie jimgh (pl

Iy ol cpl o wloals &l apae (sla Joe 4 o
DS i g Sy, (oS Bl g e
Sogom Sguan (mac b b sbJie & I



yva

ol 42l 3000 gl plo 4 Cand (gyie 3 Sles
@l Gl bdie 4 Cawi jSle Juo &5 sz
o ol s o o el odb &l ) o Scams
U»L.w.cl 5 O|93L5° Iy Edpud s Ji 4 cuwws GEP
5 Shalie polie ¥ SS o b laodly (o 55390
s il Slej slapls L pasls g9 )] s0y9],
clJae ool b wicls £ 4 ¥ Sboj a3l usb

Lol 045 0l olis &;;a—d.xg.)ﬁ.m

Jug olicles gy 5 ol Jub el slos Lo e oyl Lo

b Mg Ul (0959095 bl > 4 WGEP Jas
O Oleie 4 odd a8 S IS 4 glaedly oloj plizel 4
ol sl 0dg Jue (icans Glgie 4 ANN 5 oo
slosly b Jse "o b 5y 0,Slee” lgie alllas
WGEP Juo 4 cuws ANN Jio by bl o0 (oud
cgr ol oSkes &S b o) cpthms 3 Sles
Ol > Mk JoB BB a3ls glsel i) (e
Sy cpll ax sl GEP Ju ojbe sba i

3 3
WGEP WANFIS
4 2 4 2 3 2
) k) '.’“
n ] =
. g 1 ;g 1 = 1
ay n 9
D ) “ ° -~ ° 9
Q\ 0 0 0
0 2
y =0.995x y= 1.003x0 ) ! . 2 ) y= 1.085x0 ! 2 8
R:=0.960 loaliv polia Re=0959 Fhalie nolis R2=0.942 laslio nolio
3 3 3
WANFIS
3 2 —51 2 o 4 2
. 2| sscaliliee Seg 2
2 n 1 301 4 X1
X9 5 5 3
= 0 0 0
3 0 2 _ 0o 1 2 - o 1 2 3
- y =0.911x L . y =0.905x e .
3 )F/{z :Obggg;( Slaalive yolio R2 = 0.658 Slaaliv polie R2=0.621 Slalic polio
3 3
3 2 4 4 2
“‘9\. % kN '.:\
\ X - %
3 2 1 2 = 1
9
w
3 0 0
3 0o 1 2 0
y = 0.949x y = 0.922x y=090rx
R2=0509 lealic polio R2=0476 Melic polic R2=0.439 (&' ®ho »d

Sogomsyud (slo S 5 odlitul b calisce Sloj slaplS b yadls zge glisl 63,4y ¢ (Slaalie polie —F JSs
Figure 4. Observed and estimated values of significant wave height with different time lags using hybrid-wavelet

models
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Table 6. Mathematical relations derived from gene expression and wavelet-gene expression methods
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Figure 7. Expression tree related to the mathematical relation of the optimal hybrid wavelet-gene expression
programming model
«d(0), d(2), d(2), d(3), d(4), and d(5), related to the air pressure, air humidity, wind speed, hurricane speed, maximum
wave height, and frequency of the wave variables, respectively
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Table 8. Retrieval of results from hybrid-wavelet model of gene expression programming with their correlation

coefficient
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Extended Abstract

Introduction and Objective: Todays, considering climate change and its impact on the state of
sea waves and the dangers caused by its severity, assessing and estimating the height of the
significant wave in the seas is of great importance. Predicting the height of the significant wave
in Amirabad port by using a combination of variables representing the characteristics of waves
and meteorology, developing artificial intelligence models and de-noising the data using
wavelet theory, and finally extracting the mathematical relationships governing the principles of
marine-meteorological engineering to estimate altitude Wave is one of the unique goals and
innovations in this study.

Material and Methods: In this study, wave height in the Caspian Sea port of Amirabad, using
single and hybrid-wavelet artificial intelligence methods, including Artificial Neural Network
(ANN, WANN), multilayer perceptron with the Levenberg-Margaret training algorithm,
Adaptive Fuzzy-neural Inference System (ANFIS, WANFIS), and Gene Expression
Programming (GEP, WGEP) in different short time lags including no time lag, 3 and 6 hour
time lags is estimated. For this purpose, hourly waves and meteorological data were used in

2018.

Results: The results indicate that noise removed by wavelet analysis can improve performance
in all models. Also, in this study, hybrid-wavelet models have presented better results than
single models. Among all the models, the WGEP model was the best model and the ANN
model was the weakest model for all time steps. The highest values of correlation coefficient
and Nash-Sutcliffe efficiency coefficient are related to no time lags and WGEP model and its
values are 0.960 and 0.980 and root of the mean squared error and the mean absolute value of
the error values are 0.037 and 0.078 meters, respectively. The lowest values of correlation
coefficient and Nash-Sutcliffe efficiency coefficient and the highest values of RMSE and MAE
are related to the single ANN model for 6 hours lags with the values 0.509, 0.607, 0.181, and
0.286.

Conclusion: The results of their three single and hybrid-wavelet methods can be acceptable for
estimating the significant wave height in Amirabad port. Also, disruption of observational data
reduces many measurement errors and increases the performance of artificial intelligence
models. This study has a significant impact on crisis and coastline management and can be a
strategic model for managers, policymakers, and researchers for future research.
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