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1- Multi-layer perceptron
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2- Genetic expression programming
3- Adaptive network-based fuzzy inference system
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1- Least Squares Support Vector Machine- Radial
basis function
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Tables 1. Meteorological parameters of the synoptic stations of Razavi Khorasan and South

Khorasan provinces during 1992-2006
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Table 2. The name and formula of the Kernel functions

Formula functions Functions name
K (i, Xj)=Xi'; g;v
Linear
K (i, xi)=(xi' xj+)° 3 4z
Polynomial
sl aly

K(xi,x;)=exp(-|xi-Xj|%/20?)

Radial basis
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Table 3. Gamma test results for determining optimal models for predicting yield (Nekouei et al., 2014)

Lb)é.cbl.; Lclf O)LOT k.'/..J)J G)LQ.:)
Parameters Gama parameter Number of combination
ETSP,ETsu,ETau,ETwi,RHsp,RHsu,RHau,RHwi,y 0.008764 A
Tmin wi,Tmax Wi,Psp,ETsp,RHsp,y 0.00967 B
Tmaxsp, Tmaxsu , Tmaxau, T maxwi,y 0.010949 C
Pau, Puwi ,RHau,RHwi, Tmin au ,Tmaxau,y 0.011454 D
Tmin au, Tmax au, Pau, Pwi, RHau, RHwi,y 0.012785 E
Psp,Psu, Tmin au, Tmax au,y 0.013507 F
Y,ETau,RHau,Pau, Tmax au, 0.013751 G
Tminwi, Pwi ,Pau,ETWii,y 0.01449 H
ETSP,ETsu,ETau,ETwi,Psp,Psu, Pau,PWi,y 0.015436 |
RHau,ETau,Pau, Tmin au 0.018415 J
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1- Expression Tree Structure
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Table 4. Parameters used in GEP

GEP 0 solaswl 8550 b ool b ¥ Jou

Flyl Slade
Parameter Value
g o)'l..\j‘ 10
Head size
Alss o)l 9
Tail size
Lo pgsgeg S slass 30
Number of chromosomes
PoipagsS 2> ) olass 3
Number of genes
o= TS 0.05
Mutation rate
Silossls 255 0.05
Inversion rate
6“‘-‘4& Y v‘-S)" s 0.3
One-point recombination rate
slabis 9o oS 5z 0.2
Two-point recombination rate
Oy eSS 0.2
Gene recombination rate
Slge azye Gl £ 0.1
IS transposition rate
Slote a0 ads, il &5 0.1
RIS transposition rate
O3 ol 0.1
Gene transposition rate
Fitness function error type
.A.:y.; &U non foes é—?b
Linking function Sum function “+”
lg5 de gorxe .
&y “ : +,*, /-, In,sin,cos,arctan,x2, v/
Function set
Lol olass 20
Number of runs
Number of generation
oolad culgd )0 iz Slas 75 0.1
R.C. mutation rate
DC wisls jo ugily Slae 75 0.05

DC specific IS transposition rate
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Table 5. GEP Program results for different scenarios

e oS 5 pb

R? RMSE (kg/ha) MAE (kg/ha)
Model Compound name
GEP A 0.44018 0.87754 0.53309
GEP B 0.44258 0.67481 0.52644
GEP C 0.49457 0.51229 0.50939
GEP D 0.44137 0.69779 0.53079
GEP E 0.45731 0.65511 0.51999
GEP F 0.46897 0.54337 0.51821
GEP G 0.44795 0.63120 0.51606
GEP H 0.60688 0.43265 0.46432
GEP | 0.56964 0.50417 0.49221
GEP J 0.47597 0.55456 0.51030
LSSVM-LIN A 0.29185 1.19210 0.87469
LSSVM-RBF A 0.20155 1.40152 1.0230
LSSVM-POLY A 0.11711 1.36783 1.00692
LSSVM-LIN B 0.15522 1.22982 0.86508
LSSVM-RBF B 0.05217 1.25955 0.94834
LSSVM-POLY B 0.12679 1.45897 1.04836
LSSVM-LIN C 0.21437 1.774956 1.45425
LSSVM-RBF C 0.0455699 1.85943 1.53190
LSSVM-POLY C 0.04817 1.846447 1.52212
LSSVM-LIN D 0.151352 1.44637 1.10862
LSSVM-RBF D 0.219426 1.49516 1.15699
LSSVM-POLY D 0.221307 1.47379 1.11513
LSSVM-LIN E 0.24952 1.34142 1.08399
LSSVM-RBF E 0.22834 1.49958 1.14749
LSSVM-POLY E 0.21810 1.48194 1.11893
LSSVM-LIN F 0.07972 1.62685 1.21100
LSSVM-RBF F 0.07233 1.58793 1.17837
LSSVM-POLY F 0.00937 2.79159 2.06644
LSSVM-LIN G 0.13571 1.60762 0.75787
LSSVM-RBF G 0.25603 1.33543 0.95370
LSSVM-POLY G 0.21070 1.19288 0.76327
LSSVM-LIN H 0.45686 0.58784 0.86743
LSSVM-RBF H 0.05996 1.01827 1.05865
LSSVM-POLY H 0.32336 1.17583 1.01972
LSSVM-LIN | 0.02154 1.26208 0.90128
LSSVM-RBF | 0.08681 1.95901 1.49687
LSSVM-POLY | 0.03592 1.44612 1.05292
LSSVM-LIN J 0.12970 1.93232 1.49387
LSSVM-RBF J 0.07399 1.35979 1.01221
LSSVM-POLY J 0.19696 1.42117 1.08436
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Fig. 3. Program results for the optimal model in the learning section
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Abstract

Due to the sensitivity of saffron yield and its effect affected as climatic parameters and nonlinear
properties of plant functions, in this research, saffron yield prediction was considered. The purpose
of this study was to evaluate the ability of the support vector machine simulation model (LSSVM)
and genome genotype programming model (GenXproTools5.0) to predict saffron yield based on
meteorological data (such as minimum temperature, maximum temperature, precipitation,
evaporation and relative humidity, yield one year ago) on a seasonal scale between 1992 and 2006.
The best model was selected based on R?, RMSE and MAE assessment criteria. The results showed
that in both scenarios, in the H scenario (including mean winter temperature, mean precipitation in
autumn, winter rainfall mean, winter evaporation mean, yield one year ago), better results were
obtained from saffron yield. In the LSSVM model, combinations with the Liner kernel function had
more accurate results. But between LSSVM model and GEP model, GEP model had higher R? and
lower RMSE and MAE. R?, RMSE and MAE ratios in this model under the H-scenario in education
section were calculated with 0.60688, 0.43265 and 0.46432, respectively. In general, the GEP model
had more accurate results in saffron yield estimates than the LSSVM model.

Keywords: Functional prediction, LSSVM model, Gene expression programming model.



