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% Connected machine model

* Artificial Neural Network (ANN)

¥ "ON / 0 IOA / €202 I1ed / uonnN 7@ ABojouyda | pood

36 3|F7 6 arrie (A Loz [ P [ evoy(o 3




¥ 'ON / 0Z "IOA / £202 Iled / uoniny % ABojouyds | pooH

36 3rF7 6 errie) K Loz [ Fed [ evya 3

o)Kes § 2lo ol 5

oiey opl »> (Amin Ekhlas et al., 2023) wi oolal
O ol U s Sis (b bdised 59 Ol
P prosy s b Jiowd (gyjly bwy b o)y
5 e (! SL1000 Juo oLS)

dobee ) ables oyl 5l (WL (55 205 e
W95
WL:Mxloo (V)

M

0

oS 0jg Rl we > WL

(9) 905 sl p 2> :Mo
U olej 5l dm (b Sid 5l ams (9) wges p 2 M

BIISUiS gdiges duxe (§ puS] dawline —
ladsges bwg Ol Qi 5L e (oS0l 4l
O plas 0900 5 orjss Sits (elbudkS s Sis
a0 slod b (ol ol Lok <8 s RIA2 )
W@V glej cabdS jlam Wud jedbst wgmudw
9il5 jedlail Ly cnjs 9 ol ol plas 5l Lo diges
Cix 5l Cund b plil p )5 pao Sy s b Jlows
Amin Ekhlas et al., ) 55 awlxe Y dslee g

(2023

RR=M 100 (v)
MO

el b5l am dged 59 M sla el b dlasly ol )
Al o Siis diged (459 Mo 5 o

Sl Jlodi g 525 -

oMb SS Sy Sgolid glael S agg ol
wb g JygSe I8 Glagh pl b gy p WIS
SPSS 21 Jl5élay 5l oslisel b 5 L3okas MalS g )b
aw ) lapgeil plos oS JE w5 a8 35
ssnlie gzl (xSile awlie gly o plxl IS5
720 Jlass] pdaws 5> 5SSl (glaely xix 905l 5l o
(Yoo¥) asby 5 0 byhged puy slp b odlawl
5 edlawl Excel

o) bl el p 63,8 edlatwl " sgee (sla iy
Ao aSd (glyp odel Cond 4 eSS CEd (Limgh
oilesl 3590 sloles plas )3 (2205 Je cnyiae S| YL
e by Cmlas U @l oeizmed Cusl 039y
lod YL Cumolus > 4 &S 03y )l digy (mas
Ol 58 05 ole (35550 4" ogue sla i 55
Al g (Sugk )y

My s yoixe @il ) ol yitio ladllie wyy
2 Ggold jlasiin Jl goyp b Bl s (st &S
sy % ol Giledse 5 S b Sis cepe
C)go (hhgR (Fouan (mas &Sl WS vl oS
Al op gk ol I B nlply el 48,
9 NS M S Cepe p Ol lesle
~ S5 wiygSIl gy 1 eslanel b aul (gjle
Dy (e (ovas b

W g, 9 S0

oS A -

Ol B g ars plhen b 3l o6 WIS Jimgd oyl 5
adgl Cugb)y o (sl ad (IS Sl > Bpas
@ ogre (Shod (o g e WIS Ms atun dadiges
w10 slod b (lp! losd) o9l 0 el ¥ oo
ol (Hosseini, 2006) s ool L3 wgmude
wby 2o)d YA o oIS gl cogby (nSSle «img

Pg gk ye
Cgolyd Jlond Jlas! -

o523 §) Ao Sy Sl gty sl
(olp! S VCLEANI1-L6  Juo) ogolp plos
FX e Ol d b wS elaio pl (gl 03 eolaiuwl
¥o l83 L Caolpd plos oKiwd 3 adds A 4
Salehi et al., ) 18,5 |18 «lg VA )l 5 35 ,malS

(2022
0055 Suid Wiyl y8 -

gl b odd Jlog Gl S (95 Sid plsl 4l
(Ohe! cilosd) (wambs d2y3 Vo (slad b 45 9l ]

! Weight loss



02T 8 (G5l e g LS (ol SiS s pw g gl yd Hlond iy ST (w2

baiges 01y Clussd Glall doniiys g dges 5l Cagbs)
ol el dady A 5 addy £ sla ey sl ol
u.,l Lol cdilodds u,o)'tf dl.hd\jﬁg.; )l w}‘o) T9y> Sy

(P> 1+0) 255 o pxo yuuss

sa2me (5 il 2 g0l 8 i1

sazme (Sl golid b (md)les oy ST U5
L adyles .l odel jd iles 4 oas Sis WS
Sl il cel adds ¥ Cde 4 Ggwolyd zlgel
M gyll a5 Gl ad cons Sid oS sume
YL oosd e sladiges dome (6p50] o (5)bline
9 (Pel20) 33 2929 g0l dids 5 g gl b add
xSl b (a8 g b G 4 diged 93 0l
sl 1y dase

s S S5 w0 (G5l b -
SE e

b olitul b a8 (6568 glas Jhde & axg L
o gy ol el Cand 4 Sdgpen ol jlo b
Sl (295 5 ol 4Y ) iledld b Glyisa
P b pasede S g ogeil hgy el p a8
33,5 odlitwl ojgel (clp aodly aopy Yo &S 500
9 gy o kilyy xSl 4 B opa S
Sl e bodl a0y Yo () Joi) wiloe b 29>
2l sobaieds 3,3 edlitul oad jbigel 4 (905l
23,5 oolaiwl (Ao pd Fe) oaly snile 8L 5l v 4
Eghan (omas &b & b LB Giagh ol @l
ol doyd (g Nlg oo pledy Y )3 095 ¥ sl
Bles Gmpte oS Sis wwld (bl WS o
(Y Jsia) (r=-+/22Y)

P Jyarme Slogad 5 CldS dnghs 40
o il 05 1 5 le b (o S S slaai] 2
A 390 (2 bl wlgie & cuwl olse
P Joase Cundg odd s la e sl 8,5k
Gile glajelly Golely ) o Skis wlp Job
(Gitiban and Asefi, 2019) 1S o oo ojs Sl
2 ade Glp Olgiee S wi)eSl iledinge b,
2, oolitwl souas aas &S SB slacudgase
Srol e S oSSl gile e
Py & PSS oy (b iy el ae)
SreSud bawg ((sguae (ouas &S S wiyeXl
ol 53y bl )y i gy 4Y dw (mas
b aajlosd gloj 9 (35 St oloj) (63959 93 adllas
w5 5lai 3 (g pielS o) (2ep S g (sl
Sile e o (b @) | bglgugy idley 5l
Siledld @l g5 s L l8les cnl > ad eslitl
s ([ Sdgymn COBE 5 T oaigeSen (ob3)
5 il 9 093l (eSOl Cae sadedlital (slaodls
Plle Gy o SolsSle — Syig (65l oasls
sobtedy AS (pw)p oAb 4 (Db Caa S
wlojiahl (npby eddodlitl (as &S o))
2235 o3lital 7 Sunsad b a5 3l ey 3590
.(Satorabi et al., 2021)

[FY V]
O SUid Cas g 3 Ciguol 8 1 -
Suis ploj p gohd b (mjles oloj 1Y USS
@)less sl okal 3 Gioles 4 S sladiges 0
ooy Lhals el adds ¥ Gle 4 Ggold zleel L
oles Lili8l b Lol {(p<+/+0) b adiges b Siis
5 daw lis 0 ol s 4 Yl o ad)ley
SOy Cugby ( WS daw )d 39350 dige (sladly)
W) )Ju_;\f9]o Oy Sais L')Lo)' 9 040 C)B Lm\}}oj )'1
OS2 ©gold b (23)logs ploj IV S5
ohiles & o Szd anlf (b S sladisal

¥ "ON / 0 IOA / €202 I1ed / uonnN 7@ ABojouyda | pood

! Neurosolution software (Excel software release 6.0),
® Hyperbolic tangent function
® Correlation coefficient (r)

Neuro Dimension, Inc., USA

2 Sigmoid functions

* Levenberg—Marquardt (LM) *Topology
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Figure 1- Effect of sonication time on the drying time of cherry
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Figure 2- Effect of sonication time on the weight loss of cherry during drying time.
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Table 1- Optimal values of genetic algorithm-artificial neural network parameters
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1 Levenberg— Hyperbolic 4 30% 30% 40%
Marquardt tangent
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Table 2- The error values in prediction of testing data by optimal genetic algorithm-artificial neural network with 4
neurons

Error Weight loss (%)

7.528
0.015
1.855
0.993

Mean squared error

Normalized Mean squared error
Mean absolute error
Correlation coefficient (r)

0.040 -
0.035 +
0.030 +
0.025 +
0.020 -
0.015 +
0.010 ~
0.005 +

0.000 T T T T T T 1
1 4 7 10 13 16 19 22

Generation
Figure 4- Mean square error versus generation during training by genetic algorithm-artificial neural network
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Mean square error

! Mean Squared Error (MSE)
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Figure 5- Experimental data vs predicted values for weight loss of cherry during drying process
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Table 3- The weight and bias values of optimized genetic algorithm—artificial neural network

Hidden

Input neurons

Output neurons

neurons Bias Drying time (min) Sonication (min) Weight loss (%)
1 2.5628 3.3290 0.0599 0.7030
2 -0.9360 -0.6096 -1.6328 -1.0955
3 1.1497 -0.5577 -0.7461 -1.7245
4 0.0554 -0.0792 1.0274 -1.6957
Bias 0.3645
10 -
2 8
=
% 6 -
o
n 44
2 .
0

Drying time (min)
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Figure 6- Sensitivity analysis results of cherry drying process
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Abstract

Introduction: Due to their high moisture content, cherries have a very high rate of spoilage
and require the use of some post-harvest treatments in order to be effectively preserved.
Drying is one of these preservation methods. Drying time can be shortened by using
ultrasonic waves as a pretreatment before drying agricultural products. The genetic
algorithm-artificial neural network method has a high ability to find the optimal value of a
complex objective function.

Materials and Methods: In this study, the effect of sonication treatment for 0, 3, 6, and 9
minutes on drying time, weight changes, and rehydration of cherries was investigated. In the
next step, this process was modeled by genetic algorithm-—artificial neural network method
with 2 inputs (drying time and ultrasonic pretreatment time) and 1 output (weight loss
percentage).

Results: The results of this research showed that sonication for up to 3 min increased the rate
of moisture removal from cherries and thus reduced drying time. 3-min treatment with
ultrasound increased the rehydration of dried cherries; but as the treatment time increased to 6
min and 9 min, the amount of rehydration decreased. Genetic algorithm-—artificial neural
network modeling results showed that a network with a 1-4-2 structure in one hidden layer
and using the hyperbolic tangent activation function can predict the weight loss percentage of
cherries during drying with a high correlation coefficient and a low error value. According to
the results of sensitivity analysis test, drying time was the most effective factor in changing
the weight loss percentage of cherries during the drying process.

Conclusion: In general, the best conditions for drying cherries are pretreatment with
ultrasound for 3 minutes followed by drying the product with hot-air. Based on the modeling
results, the genetic algorithm-artificial neural network method can also be used to predict the
parameters of the cherry drying process.

Keywords: Activation Function, Cherry, Rehydration, Sensitivity Analysis, Ultrasound.
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