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Figure 1- Schematic diagram on the structure of artificial neural networks as multilayer perceptron (MLP)

G33 smotw 03 woe @b L (MLP) &Y st 0 2

)‘ ealeal L (41.:“‘3) CA_}JG)) axJlze J)).AJ:.;.'J.A Q\ﬂn

13- Testing Dataset
14 -Validation Dataset

125

Sed b —Y—0-Y

10 -Solvent displacement technique
11 -Multilayer perceptron
12 -Training Dataset



3 Adls 5 ok sm ot

ILen 5 5 mds im0 o)l

wla s 2 5 sy Glpesls 10 Sl LS55 6l
Dy akls 5 e 50
e Hlasl Y0¥

5> Oge3l 5 Gisel de e GDIS e Ll
gl GRS 53 b e e glad b
L andlzes g0 Jdo Ll g oslizal 3 40 w:jyi(,;wij\
oSle ainy «(0) daly plas RE) ol o b domslous
sl 5 Ske 5 (1) alaly Gllas (RMSE) " last il o
[32] 4 ey e V) sl Gillas (MAE) ™ 3llae

Pi ol i ged odd adalie laie O clailyy cnl 53
O Laesls slues slias N gos Oles sl sl 5 Ll
e sl i Sile Py od odalie slis (S0l
io 4 MAE 5 RMSE slis ax s .conl odis sl o
o3 0Li 5 Sl S shhe pn i Tl S AL S0 5

RMSE =J% i(oi ~P,)?

MAE =£zn:|0i _Pi|
n i

2
n

>, -O)(P, -P)

oo e

V4 s SPSS il s TS mls Solzb 55

‘U’i’v‘ QLA) szelJ}S 02 RS &Z 6:[.3) Sldss f‘)b

21- Root mean square error
22 -Mean absolute error
23 -Hyperbolic tangent

126

20182 45 MATLAB 158l 0 5 55 colaml il e
(,swjiﬂ caasls Sl aw fags ol s as b
5 Oley Y [ u eSSl JUml ol b Ll e
—eo S As B S s Y s et Uil
—Lfﬁjj M.lekﬁ tJ'i‘ L oleslaul JL..:,..L\UA..: alises 6@
i 5L o 0Ll S Jsp 0bal S el b
EA L S slasl Mz b Js5 0bal S Vg Sk
LSl e el oohie T ;)L"J\ij\qw $SsL
s (o505 Gl mite «ogh) ubn as S 0
W.W‘@Uwﬁ L}LA).}J\Jfg;uLw&)J o
Al S el oS e S e Sk (s A
Lo o005 b pmite candls ol as 4SS 0
g:,.{jja) 9 4.;.:[3 > QL&) cs‘;wtﬂu r S e o
SIS e Sl i el ?Jf 2 C; ———e ST
odls Ve ML& g,a.{a J:‘"J.‘."L"’ B4 6; > 42.:.“.4‘.)
«b—f):a:\;\Oj(Lmslsj\M):'W)u:)}Jw):

Laosls S slaas s eslixal (Laosls 31 o ys YY) Q}aﬂ

(o)

V)

)

@f‘k}éhdé})}%‘&)ﬁ—i—o—*

D s s b Ll 5 ok co e

15 -Levenberg-Marquardt

16 -Gradient descent

17 -Gradient descent with adaptive learning rate
18 -Gradient descent with momentum

19 -Adaptive learning rate backpropagation

20 -Scaled conjugate gradient



VErE 5 TY ayes AW oyl

C)lﬂl g;l"lb @L—p}f}lﬁ&u

S §2 Gl 035 F o @V glales 53 O s
e Al ol aids Yo of cud 5 Jl e Gl
spdige Ol s ol Bls laa 5 Jsame m S5
PRS- SURCH JEpNEH INSS N W SR U U Y R
Ly selie Ly, Ol Kiass [33; 34; 35; 36; 37] 5,0
GMWLM?MQJ;Cﬂ&&@#)&SJJ
ngz,:ﬁui.agd}mm&y)b)éa“u;ﬁbélpjxsﬁ
Sy &S Gladlas 5 i [37] sl OLis Oy b I,
Q;JS'CJM 3 des a8 s e Ol ils j_<,:a Q;;'Cﬁ
R O3S e e il 15 30 o 5K by Ol
FP O3 SE e b aS L3S Ol 0l Sia sy, [38]
b 4 Jsmme b 0B 1SS B O zals
Sladles 53 sy 8l 5 Sl oS s 5 0l b

N

MC (g/g, db)

N

t (min)

dyo nl 03 e 2L e sy Sl U155 e
sy sl pesls 08 & J.&,;J Sl laesls S slaas
Sl e 35 sl g 5 s D5 4 s 2
D3l o 03l 5 iigel Al e gl o3 (slaesls
b Osesl s el e se _smsliel d 4l
slax 5 (SSE) "lax il e gaoma Sleslinal Ly asdls

A s 15 e S illae (RE) ™ o

C;or-gj@u—“

C)b)s .C«Jw&?J; JJM C_A.‘,bj Q‘M—\—r
il;‘_;lya

Ere o 03 S5 Saghy (St Dl eis (V) K2 5
b bl glassls jlas Gl ol an 4 §ls glpa 03 8
forh bl o esls OLES dwT b Ole 1 b Olge
Jyams Coshy Gl 5 ¢l lon 005 e ]
Sy ol & Jsame Susb,y Sl Ly ol ok
3550 Sl &S S ub Olas .ty o Sl Olime 4 b,

—1 40
160
e 1 80

Figure 2- Changes in shrimp moisture content during hot air frying at different temperatures
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Figure 3- Changes in shrimp density during hot air frying
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Table 1- The results of the training and testing stages of the neural networks for moisture prediction

Model Training stage Testing stage
Training algorithm S tm‘: tflre R? RMSE MAE ) RMSE MAE
(9/9,db)  (g/g, db) (9/9,db)  (g/g, db)
Levenberg-Marquardt 1-2-2 0.9891 0.0877 0.0697 0.9720 0.1843 0.1454
Gradient descent 1-16-2 0.9892  0.0873 0.0682 0.9786  0.1714 0.1319
Gradient descent with 122 09854 01017 00842 09750 01758  0.1432
adaptive learning rate
Gradient descent with 1162 09891  0.0878 0.0686 09787  0.1711 0.1317
momentum
Adaptive learning rate 1-3-2 0.9904  0.0822 00583 09727  0.1830 0.1456
backpropagation
Scaled conjugate gradient 1-3-2 0.9909 0.0804 0.0574 0.9725 0.1836 0.1474
B A
35 y = 1.037x - 0.1626 =35 y = 0.9836x + 0.0173
) 2 R2=0.9787 s, Rz =0.9891
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Figure 4- The actual values of moisture (g/g, db) versus the predicted values by the artificial neural networks in the
training (A) and test (B) stages
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Table 2- The results of the training and testing stages of the neural networks for density prediction
Model Training stage Testing stage
Training algorithm structure R2 RMSE MAE R RMSE MAE
(glcm?) (g/cm’) (g/cm?) (g/cm’)
Levenberg-Marquardt 1-1-3 0.9356 0.0123 0.0089 0.9740 0.0096 0.0066
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Gradient descent 1203 09385 00121 00090 09692 00102  0.0071
Gradient descent with 113 09328 00126 00089 09647 00107 00067
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Figure 5- The actual values of density (g/cm?®) versus the predicted values by the artificial neural networks in the
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Figure 6- Artificial neural network for predicting moisture content of shrimp during hot air frying: input variables:
temperature and time and output variable: moisture content.

QJJS’Cjw Ol Coenl gline jsb 4y i 55 Ao s
B S b G 0357 e b Susks e 0 L

[83] s 505 b yme i bagsgns ple

s 4 KIS s i sl e el (V) IS
\{ﬂljln,}:»wl.dﬁz&bw\)@)k)ﬁ&

dopa Ve Ol a8 L do s o el

-1l
.000 200 .400 .600 .800 1.000
Importance

Figure 7- The importance of independent variables (Temperature “T” and time “t”) in the formation of artificial
neural network for moisture prediction

Ss S 55 . ealinal O ge5T Al e gl Ao s YV/Y
L S2ass Slapaie Coeal o) Sl Lanldls ae
L5 ol SPSS l331 o 5 Lo 5 oS 335 Slilons 4 4 5
¢l RE) i sl 5 (SSE) Uax Slayse ¢ socms
R YRVERVPRYA I A I PR U S VS O IPY PR

Sy oslas sl

adls S fe o aSs B39, Caeal 1Y

ot Sl s ear Sl () IS
QY g Y L e an Bl b e asls
oA Y e e S 5 S ple SOIEL AU L Ol
5 sl e gl gl Wesls 5 dss WA ol

Synaptic Weight = 0
—— Synaptic Weight = 0

Time

@

density

Hidden layer activation function: Hyperbolic tangent

Qutput layer activation function: [dentity

Figure 8- Artificial neural network for predicting density of shrimp during hot air frying: input variables:
temperature, time and moisture and output variable: density.

131



v nls 5 Cagby S e

ILen 5 5 mds im0 o)l

dkimdls B e dnl b 0l 5 O s Sl 4 dul
LT3 03 00d SVb b s s GBI oS 55k
VL lales 3 3 S Oly 35 0Tl o 2l wndls
wiedls 53 (g it LS Jgemmes Cosb, L L
GBS 53 Jpames Cosby Caeal 5 s oS Ul e Gl

2B 0wl sladas 5 el Lol Siasy
Slajite 5 A4S b Sis utn 05 SldiS,lsil
Sl G Glapio g Llasl Cws gl
N oo o Do goar 5 S Gl Shy woty
Sl bdde iluand ramen Fls Glpp b sdds
Sliios (gl 1 el ool Comnl T3 (g5leslS5 55

JE0587] &S o amem 2 o]

s S S 53 Jies gl e Coeal (1) S
Oboj aush )y e Sl das o LS| ancdls oo S
gt 555 V/AYE 9 /YA G/OM L Bl S5 ales
4 Frean hga Sl eslinud 3 andls a5 Sk
Lodos ez odddle Sl A Gasle 55
Cedls Go e Gl Ao Ve Cogb, S 8
VYA 5 8VY Ll 5w les 5 Olos gl el Coenl
G351 sk 0 0Kk s il e 5335 Ao
(s o AIF e Jpames Sl aig Ll 5 s 5ol
los Sl 1L 03 S o 4 L35 S o, L31 a0 el
Ll 55 Jpame 55 U5 wlsl ole w0 L5 0L
a dle i ol Al 5 o s @ 03 S5 e
o e ol ol 8 A5 esline Jguame bl 5l
52 [83] s S andls palS 5 o pate w15

I dJd Lsls Ol s dases 50 Oldles Sl
Samalliac R (e e »

= I

-
.000 .100 .200 .300 400 .500 .600 .700
Importance

Figure 9- The importance of independent variables (Temperature”T”, time “t” and Moisture ”M”) in the formation
of artificial neural network for density prediction
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ARTICLE INFO ABSTRACT

In this research, artificial neural networks (ANN) was presented to predict changes
in moisture and density of shrimp during hot air frying process (at three temperatures

Article Histo ry: of 140, 160 and 180 degrees Celsius for 15 minutes). Neural networks in the form of

Received:2024/8/15 multilayer perceptron (MLP) with sigmoid tangent transfer function in the hidden
' layer and linear transfer function in the output layer was designed to predict moisture
Accepted:2024/10/7 (with two inputs: temperature and time) and density (with three inputs: temperature,

time and moisture) in MATLAB software. Different backpropagation algorithms
include Levenberg-Marquardt, Gradient descent, Gradient descent with adaptive
Keywords: learning rate, Adaptive learning rate backpropagation, Gradient descent with
momentum, and Scaled conjugate gradient. The structure of the models was validated
by calculating the coefficient of determination (R?), root mean square error (RMSE)

Artificial neural networks, and mean absolute error (MAE). Finally, the importance of the inputs in terms of the
Moisture, effect on the output variable for predicting moisture and density was investigated by
Density, designing the default hyperbolic tangent neural networks in SPSS software. The
Shrimp, results showed that with the decrease in moisture and the development of pores in
Hot air frying. shrimp, the density of the product gradually decreased during hot air frying, and with

the increase in the temperature of the process, a further decrease in density was
observed. In the moisture model, the backpropagation algorithm of Gradient descent
with momentum (R*=0.989, RMSE=0.171, MAE=0.131) and in the density model,
the Levenberg-Marquardt algorithm (R?=0.974, RMSE=0.0096, MAE=0.0066)

10.22034/FSCT.22.161.121. .. . .. . .
showed the minimum error in training. In the moisture neurocomputing, the
*Corresponding Author E- importance of time and temperature variable was equal to 0.883 and 0.117,
respectively. In the density neurocomputing, the importance of moisture, time and
ziaiifar@gau.ac.ir temperature variables were 0.588, 0.278 and 0.134, respectively. The Findings can be

used in the design of artificial intelligence for controlling and creating automation in
hot air fryers.
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