Journal of Agricultural Machinery

B

Vol. 5, No. 2, Fall - Winter 2015, p. 270-280 e

S 338 L ylile & il

Ay TVeYAe o ATAF p90 Jluosi oF 0ylos b ol

S Yl 4K 5 Jo Hl ealiinl b g dils Cush ) Cdo Staw sHlwd e

S san oas eSS

\ .o . Y . .. #Y . \

S e dew = B3l a5 0 =T 50, S Ao = JleS are
WAV - AIYY bl ) go)b
WWAY/NIVA : o s Fo 6

LXVCES

S g (8l Jae Sl odlil Ly (gy9abge sl 8 ) (MBB62 g joxb ¥ loy)) g2 o) s gl il e (i hey 3eo8 (ol 52
b plonl plate Ol L iged o (sl 1S5 aw ) 9 31,5 (Bl 423 ¥B 5 Ve Ve (glod a5 aialojl (B )5 (o) 3)90 (Stuae (oas
el s> 5 Jsl L s )3 (95 (Ul a8 Sta¥lgSins Je 00y dlone iy (g et (5503l L Lol Cashy e e
s @l 5 (MLP) 4tz (gt gy 99 5| mas a8 (b 1 00,5 dlitsl )03 1y (65)5liS &Y g (0l Sl 8 )5 Cgho,
@Y pgw Y 9 4l gizee laaY pgd Y g loj g bod Jhis slajiito oS (939)5 Y (gl @Y ad ol (49,58 4Y 4w L (RBF) L
o (s a8 5 SetaVlgSuny Joo Gapie (Prioslis] jolaieds 03,8 Ol b e sk lgime dunly joiite & (295
9, ey &5 3 LS gl b ealisl (RMSE) s wlayye 5:80lie 4y (a8 5 (R?) ol oy i (s)lel slapasli
Jie oo 13 o o8y duw yb sl |y 2ol oy ips V=) 4 Jlislw g BFGS 3,651 L dlos Jlisl 51 gy (656500 Hld b Judoay apYais
S (b polsly gl g Led slapiito b (slalaxd Casb) (slgome (gan dw (slaylges a5 3900 ol St VlgSnny (5L,
dl il osds Ll Cagb) «6ygabgs loj g Led il b a8 sy L5 o] ain)ly b8, dws o (gl osd el was

Cughy lgize (5ygabge dive glad @l Yz (9 sty cs0y9l wia oSl g5 (gWo g

olyandy |) 4aSd PH (ialS” ol (ol & 25950 4raSis )3 )3
9o |y jowl s Sdplse oYM o] JLsdas g3l
J2Y3 ety el o sy it (Al &) (pionen 335
S oty 45035 oo odlisl ()5 S g2 (59l 3 29,
Il Ghey JWda cndie (B 03) (23,150 whess (391
(Yang et al., sib o 230)ly> ol yon an uilus wile
2000)

P sokaiods o3l oy g 6y Cungy A1)3 ) laails il
Ol e a bl Jgeme Cugb) Gl 5 o5l it g dtiogy (00
Ol oyeaboge L) ey dilisie (slaaily gy sdd Lo
P ol ygabss oy e g ol (slod ygdy 618l el iglize
Ly o 51 osliil il e 550y b ok i Caghs ljue
& 4 o) Sl gloj Bl ) gy (i dgene YU sled
b ol 3 (5y9abog Al > cngby s (YL
(Kashaninejad et al., 2009)

il die sy o5 (5L e o ages 9 Cn et ]

LY R

oy as el glas ol ) e M 5l (S g il

2 i ol pie SO Glgisds YU puan Pl aiwlis il
J)b u.;.li.i oole Jf .b)b u«&:— Cunnd ‘_’)T P9y Ql}tﬁ LS cwl
ISl o] Sl ol 1o p AF AL g5 aily pan
ol d)g0 Lm‘_g)bﬁlf ).5‘ ) oS 6)91).9 UI))l 9 ool Lglmuuﬁ)
o=l (Hunt, 1996) coul g5 asls 55,5 Cluwl 3,5 0 1,3
9205 ©pgots (e dlge il (g )lie e il (3,5 Ol b b,
Ol 92 3l tewd 25 0 ol 59,5 Sload g 39500y Jle
e85 3 5y @l ol ol 3)] g0 5 29 0,5 5l uo ]
o sl Gl el g Nad e eSS Cud)> O3 5 dg)

g odige 09,5 iy 5 8] i)l aS gol il i Y 5
o] tnio o823l (55,5l 0182315

(Email: jrazavi@cc.iut.ac.ir 19 0k g — i)



VY S gn g Joo 3l ool b g2 4ils Cugh ) wier Sustioms (53w oo

Lo 390 oloj dTre) b loj Jho ol Al oo (V/4iiB3)
Oty Ml AV Mt & Jpame (2l Casby e Gl
il Jsl 5L8 j0 ool caugby ida sy oxiad s Trer j500
b pgd L8 53 oole Cugh) il 255 Kiel (piomen a8l s Cush,
el Coomud p wles s s puni b 5l a0 ol
) I8 @ilhae () JSK5) 298 s sl Cugb) Ol (eia
3 losiis glssion bl slap s a8 & el o Jae ol sbe
o=l s clilsiel j10)5l cawday oole cugh) Gla dxie (59)
2 ol wss @Ulg (o3b) 5 (228 sladse plo 4 G Jao
sladie wdl oo (diashy) jB) Cugh) Gl pgd 5B Lo
Ay Cagloy )iy 25,38 LS (il bawgs oad )l cages
S olye ey a5 oy anled Jos 1) il gl 6
Cls s 0> L ol (S0 g sl Vs bl sils o
5 Sl 58 3 Lagl sy il 8 e sy Jols
walyd 1y LSl ol (pgtan SatsV1glny Joo & ol o
oS

1ol B oy gl Sa¥lgSny Jao I el lors
Lol g oaliiwl (ygaboe > 50 Lugd (slaaily cugby Lls
b Sl BLS ey (b SewYlgSiny Jae adly )
Shafaei and ) ol L 1) Loy slaash g b, (glgioe
a3l oy sla i pled colee 51 (S5 (Masoumi, 2014¢
Gl S S g Jhe (g 0t S g ploj 4 dlinly i 0l
il Linlefl (glod yais b oo

h"[rel : I

M +0.63M, 4

Moisture content (d. b. %)

g dlors o3liul (65y9liS Y gramme Cugby s a4
‘_thz:J_;J)é Jdos gl (Jod BB el b Jae opl &8 Wby oyl
d)'”LiS Y gae | —" Cgh AN 5 O S
jl >y (Abu-Ghannam and Mckenna, 1997) slazils
=3y Jae VW L 1) Logd slaaily cugby il aiyl 8 uie
Ly Slasren op i Jomg Jdo 4580 )0 5 03905 (gilo o
(Shafaei and Masoumi, 2014a) 5,5 _islejl (slaosls il yuss
S Jolis dlge cagby wds aul b aS wlosls jlis Slualie
i S E5 L pgd L 5 @y Cugby Ol 25 L 4yl 5B
oaali (pnSly 5 Ygana Cugby 0l pgd 56 atsl o Cugh,
003 (65y9LiS dlge (3,8 Sid aul B 3 kb, ol e g oo
O] ol 43l by 9 228 Sl e dar sdes Siio Ll 043
a3l pga 5L8 pd edls ooy s 5 il b5yl g &S ol
g sldlor 90 b oles g o Jao jd culps Cads (o 0B o
Jsl J8 3 esle cgby e £33 5l ()line S 0 9 (o)
and Daneshmandi, 2007; Khazaei and Mohammadi,
;2009

M, = Mg + M1 - exp(-t/Ter)) + Kpit ")
e Miee d. b. %) 3L 4yl sy Mo (1) o 5>

Trer dd. b. %) s gl 55 5 Jpuaims 3l 00db o Cagho
OS5 5> Cagboy il 5 Kear 5 (4855) (piansilyy olo

Egrt:l

'
'
v [

i
T H

i

L}
l L}

i

, ¥

Tre] Immersion time (hr)

(Khazaei and Mohammadi, 2009) slge cosb, s goxie ;5 SitwVleSung Jio =Y JSud

Fig.1. Viscoelastic model of materials in water uptake (Khazaei and Mohammadi, 2009)
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Table 1- The coefficients of viscoelastic model and statistical parameters of moisture content of barley

Residual

Variety Tem?ecr;‘t“re Miot(%d.b)  Tw(hr) K(hr) R RMSE
. 10 2625 0.593 0.878 0.982 1.933
e 25 26.19 0.106 1.448 0.963 3.698
Fajr 45 40.46 0.531 1.552 0.915 7.097
b 10 24.48 0.466 0.889 0.975 2.164
o 25 29.13 0.370 1.157 0.961 3.415
Reyhan03 45 44.65 1.708 1.265 0.939 5.898
10 22.55 0.402 0.821 0.990 1.268
MB862 25 33.59 0.221 1.579 0.966 4.022
45 41.83 0.772 1.481 0.916 7.061
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Fig.2. Fitting the viscoelastic model for Reyhan03 barley during immersion, 5°¢, 25° A, 45°n
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Jes) MLP 4 0.997 0.26410 BFGS Trigonometric Trigonometric
Fajr RBF 25 0.990 0.47791 RBFT Gaussian Linear
Y b, MLP 4 0.996 0.32342 BFGS Trigonometric Logistic
Reyhan03 RBF 16 0.960 1.04038 RBFT Gaussian Linear
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Fig.6. Water absorption curves of barley seeds based on multi-layer perceptron (MLP) neural network predicting during
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Introduction: Barley is one of the most important grains with high digestible starch making it a main source of energy
in human nutrition as well as in livestock rations formulation and feeding. Starch is the main part of barley grain and it
has an inverse relation with its protein. It has a digestible foodstuff of 80 to 84 percent of its dry matter content. Barley
as livestock foodstuff should be processed and it is done in several ways. A customary method for processing barley in
dairy farms is its size reduction by milling (Hunt, 1996). An alternative method of barley processing is steam rolling.
However, because of the high cost of steam generators a method of soaking with heating has been considered as an
alternative method for steam rolling (Yang et al., 2000). The rate of moisture absorption by grains during the soaking
process varies considerably and depends on the size of the grain, water temperature and the length of soaking. High
temperature water soaking is an ordinary way to reduce the time duration for reaching a high rate of moisture absorption
during the soaking process (Kashaninejad et al., 2009). Various studies have shown that these models have adequate
accuracy in analyzing drying and moisture absorption processes for most agricultural products (Abu-Ghannam and
McKenna, 1997). Some researchers have modeled beans moisture absorption behavior using 14 mathematical models
and found that the Weibull model had the most conformity with variations in experimental data (Shafaei and Masoumi,
2014c). Observations made by researchers indicate that the moisture absorption process in various materials
encompasses a primary phase with a fast rate and a second phase with a lower rate. The second phase in moisture
absorption is called the relaxation phase. The main problem with all the mathematical and experimental models is the
lack of the model’s ability to evaluate the rate of moisture absorption in the secondary phase. Artificial Neural Network
(ANN) as an important artificial intelligent method comparable to human brain capabilities is applied to train and store
data in the form of weighted networks (Dayhoft, 1990). This method has superiority to many ordinary statistical and
model making methods. In comparison to linear regression models, ANN does not require placing estimated values
around mean values and for this reason it retains actual variations in the data being analyzed. Prediction by using
trained ANN enables the researchers to decrease or increase input and output variables.Therefore, it is possible to
produce a multivariate model with an output even more than the objectives deemed necessary (Heristev, 1998). The
goal of this research was to predict instant moisture content of three barley varieties (Reyhan3, Fajr and MB862) during
the soaking process under three temperature levels (10, 20 and 45 °C) using two conventional ANN methods of
multilayer perceptron (MLP) and radial basis function (RBF) in comparison with viscoelastic mathematical model and
reporting the results.

Materials and method: Barley varieties were collected from the Isfahan Province Agriculture Organization grain
depository and were cleaned and the debris were separated before the experiments. The selected grains were sorted to
three groups of small, medium and large grains sizes. To exclude the effect of grain size during moisture absorption, the
medium size grains were used. The moisture content of the grains was determined based on the ASAE S352.2 DEC97
(ASAE, 1999) which were %8.23, %8.62 and %8.89 on a dry basis for Reyhan3, Fajr and MB862, respectively with no
significant difference at %5 probability level (p>0.05). Experiments were conducted under three temperatures (10, 20
and 45 °C) in the refrigerator, at room temperature and in the oven, respectively for each variety. In each experiment, 10
medium size grains were selected randomly and weighed with an AND laboratory scale model Gf-400 (made in Japan)
and placed in foam containers having 200 mg of distilled water. Grains were weighed after a predetermined period of
elapsed time (5, 10, 15, 30, 60, 120, etc. minutes). The experiments were conducted with three replications and moisture
absorption rates were determined by the equations presented by McWatters et al., 2002. The experiments were
conducted on a time table based on which the time for the dissolving of grains was reached. In this case, the moisture
content of the grains reaches the saturation point. According to equations presented by Peleg, as water density increases
as much as 0.01 gram due to grains dissolving in water, the saturation point has been reached (Peleg, 1988). For this
reason, distilled water density was measured and controlled before and after each experiment by a pycnometer. Neural
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network was designed according to the two methods of multi-layer perceptron (MLP) and radial basis function (RBF)
with three neuron layers. The first layer, i.e. input layer, is independent variables of temperature and time.The second
layer, i.e. hidden layers, is the networks hidden layer and the third layer, i.e. output layer, is the dependent variable of
moisture content which was selected. In each case, the nonlinear reduced gradient, combined gradient and BFGS
algorithm, and Trigonometric, Logarithmic, Gaussian, and Logical functions were used to train, test and evaluate the
network. To evaluate the predicting viscoelastic model and the network, we used statistical indices maximum value of
coefficient of determination (R*) and minimum value of mean square error (RMSE).

Results and Discussion: Moisture absorption curves showed that as the temperature increases, moisture absorption rate
increases as well. Higher equilibrium moisture levels are obtained in water with higher temperatures. This phenomenon
is the result of increased moisture diffusion in grains due to higher temperature levels. Higher water temperatures
causes grain internal material which is mainly starch to gelatinize and, thus, the internal tissues resistance to moisture
absorption reduces (Ranjbari et al., 2011). The moisture absorption rate increases as immersion temperature and
gelatinization temperature reach closer to each other.

Conclusions: The results of this study showed that although viscoelastic mathematical model has an adequate accuracy
for instant prediction of barley grain moisture content, it has a lower accuracy compared to intelligent models. On the
other hand, among the two neural network methods, MLP method has a higher accuracy in predicting moisture content
compared to RBF method. MLP obtained the best results for three varieties of barley because of back- propagation
learning algorithm with BFGS algorithm and 2-4-1 network structure. According to the prediction of the best neural
network which was selected, three-dimensional graphs of moisture content based on temperature and time variables,
showed that with an increase in temperature and duration of immersion, moisture absorption increases for three varieties
of barley.
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