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Modeling Energy Consumption of Strawberries on the Basis of Energy Consumption
Pattern Using Artificial Neural Network and Anfis and Regression in Dezfoul County

980 e 5 )y e e abold

WM A Gy Gl W VIVE il o ol

ouS

sloalbels 51650 bosby, &)l )0 (KA0s oy )0 (Brae G55l Giledae 5 Sl g i jslaeay agh (nl
Sy5ln ssbiear (2855 plnl (5o 35 5 (i) Aoz hlad 5l ras gl allile (estas (oeas 4SS Siadge
69953 Al IS @S 4 az gl ad (s yslaea Jgi50 50 (K0 eaiiSadyi 0 5l puiias j5boas baosls ( Bras 6551 oliae
Lol Brae liee (it el Gy LS Jo5lRe Yo e o PIOY 5 YEVOVIVO L pl ol oy Jgame cnl sl 29,5 5
iy e el oo gl 4 azgil ibls las olend ladsS & doyd B¢ i g LESE 5 Jg3Ke VAVWUAF ke
el Csots N 5 BV AN Ll e s oS0 gl slae (glas uSile g Uas Slaype eils 5 Sianran
Slyps [V g o [+0F AV L ply ol fan (V-F-Y) ange JLSlo b egrae (orae a0l Gl byl )l (pl polie iz
Mg 5y p e glaosles bawgi (5551 Sran Sl Gimes Was e 0T 5 1V G/ G g S
slooslys 3l ol (las glis § C8)F 18 gy 20590 (e (S ads5 5 G-I (el b 5l ooliil b (S5 508
ol Jo a8 oy lis il § (mas a0 Jow b e )T ) Joe dslie gl 0g St ool plo 4 cos Ol 5 (ilo
Joe & Cad o8 (S5an (sras 4D 53,5 0y5l 5 (Sgian (sras aSLD oo e & S SRR S L) (795 ke

Bl GLES Ty (g GBS e S

s = S (6 all g o Ko o 30 plond 355 g, €130 gl lR0]lg

Email: hbagherpour@basu.ac.ir — Jotus odiuny g

Y.V



ool 485 )18 ooy az g3 50 Joliie slagts; (iRl
(2004 ) Son 2 L5

eSS &S earas Gher oy, 5l RS (K
Sl 5 Col 3B Slaptuc 5 oian (ras slrass
(2012 )0 5 ¥ 8/5t) Cansl (i)

S by, et gl Ll bl ol lsle
&l Gk 3l 1) 63959 lapiie &5 Wil oo (fghan oras
&g ol 5l G 5 abgye layiell 5 6995 Cugas
(79> Syt 4 dbge slaylll 5 (29> Cugas
slable (giludoe (g slaghs, ole )0 WS oo Joe
2 el jsbas 5 iz gladie )0 glofrg oSSl 5l (55l
(2008 ), Kai 5 ML) sl )5 355 1 (65,585 psle

L 5,0laS 5 5 039> 50 Sl i Slalllas (495
5 Sl 4B Sjse j5Sde slaghy, 655,54
My sl 609y slagisl emyn @ 2007) ()5
=l b g S,y a8 0 ae ) VFP 0 w80
S S adg Gl sl Sras 6l S GRS
doys FR A wiloe JailEe YASADDY L il widjocin
Sras owyp Sl 039 355 S35l & barye (63355 55
5 JE 5 pledel Gl jo (G553 o adg jo 655
boy cwipa o5 cwl glass ale)l (LS oLl
15 OYAY) Ll aly cs5 5 2010) o), Kon 5 V" e,
28,5 ol 55,8 15 (85, ol s

smas 4 b slaJoe (2012) o Sen o ' o lale
anllas o)l 5o GRS lony, adgs 0 Slas cpmess gl
L Soian rac 400 Juw a5 ol lis mmls .aisges
Sy <o L1y o203l syl Wilgs o V-V oYY (LSl
s 4L by, 5l 2010) X 5 lam, S i
5 @S oS Sis oobe liw dwmgte )0 Seac
oolatwl a8l lal i sloyialyly 5l eslaul b oS
-0-Y lsle lls Jow o e L&vQT ooyliS bl e S
..)y 7-9

Sfbes Ol (i obiea (lBea 5 0
S oslizal b (Spel) atlle o &0 g bgw oY s

5. Ceylan

6. ANFIS

7. Naderloo

8. Yang

9. Erdal

10. Rafiee

11. Pahlavan

12. Rahman and Bala

YA

wdpan g8l wly p (S0 (bpan 6551 Gilw]e
doddo
S e Bl 2ol Sasas 6550 4 (63,9laS LS o9l
Sl (65,0l 50 G5l Brae 0,5 Jolaie a4 gaad
)L*e.l-; Siyles slp csl“"‘ Sl 5] c_sS“‘ (\yay ‘QL:A—.:—’))
poo 50 gl gl eolaiwl ! M])U il eolanwl
Oy Sl by Ay Cuxex 4 Fel o (6),0las
ol Sy YL ol 4 e g Sgase oS LB
asle Gise ol OVYAY ()50 § ol ab (s9u) b oo
(B il 655 Bl 4 B b da iy ple
3heolatl Sul ol coge 13 adgs ol ol Lol
w){.u 6))..1‘ d}.a.a A )o w‘;ﬂ‘ el 00l u’_v..u..’o
(2001

2 ewbal B (50laS Gidu 0 5yl 5l See eolatl
P b Wlls golaidl giluangs wds gl
2 ol glocdled S b)) o wlgs se (65,5LaS 5o (555
5 50 Ol sl Jels e Ol g Jolss
OYAR e g 00l5 cou)) 0,05 1,8 solituls e o]
L 55 lS @59 9 oI p gl )0 el pae (651 lade
5 Jyarme ady oS STyl 5 cud Yo w2 BB oliee
Sl el ol e (6551 b puiias jsbay 28 Slge el
Mals T wal )5 5 550 oolitul 5 (65,5 ol laie 8,0

5 it slp b o SO Gl il
SlEl g Gh8l Bpas wdy LoaS il glaseasls
(2009 ), 5 7, 5uidlh Wb oo b Jaedons)
» Grae 5P Giledse slp gile slagty, o956
g a5 gl bg, 5l SO el oal eolatul (g,5laS
claaSis 5l oolaiwl 09,4l (2014 “cwq_gf) Sl £oiae
Slwdae @l eyl Slwls 3l oS egias as
Olyeds g oduzn Sl J> (lp (98lis, seba col

1. Dalgaard

2. Mohammadi and Omid
3. Al-Ghandoor

4. Aydin



AN sl 3 5lae ToY-T14 Glxiao 1 55las 1 ey [ a5 laddgi (55903

o0 oy p b & (1977) o[5S bugs g, ol

2’ pq o
d2
n:1 1,7°pq " QD)
+ﬁ( 42 -1

axal> 50 dae)ie oo N Lo ge diged pzx> NGl jo oS
) plasebl Gl co o Z F e L cnl plp a8 ol Bua
3 ed) P (A0 Glisebl maw saimslis a5 N/AF L
S 3l Byl d g (1-P) @ (Cpure Ceto gyl Coras
ailaie ) 5liS w4 dz il el Corex Lawgin l Uas
e slp /0 5q 9P lp /0 Sl (235 Sl b
Oyt 45 Sl Cawsds O dnlllas pl 4o 00l dwle diges

Sl ol solas

7907 969959 S35 Ao
L3513 it s bieble s sll 53,0 wanllhs ool 4
5 leord GoogS (Jpd S (g Bl 5 S
38kee 5 539,5 sloslys lsiear s)lel o 5 poans (ol
O sl b a8 Sl e eailie Glyied (SKROg
Joleo (g5 ol 51 dmoniling 5 laoslys Jolee 53,1 olsme
dwle (Gl 48,5 o0 oailiw b oolys o (V Jgaz)
Ol doosilivn g laosles 51 SGpo (29,5 5 (62959 55
oxibin b oosles ol Jolae 351 o lagl 51 So o 8

W oy

35 sleasle

» S5 bt lagasly I pegn 5l Cend cnl o
Candy 3 ey cals Sl a5 sads slealils
ol 3l P &5 29 se ool wiluios (Sas |y (55,5l08
A 039331 (551 (5905 455 S ol Lol
Rt ST TRG P NG
ol e by, Wigd e Cgmme (6551 Jlos anl
Sl 25 TS A laasls

siliw g pl ({10 o 300

M

c5 \_IH__A. = —
== ‘ sclyd ol (10e o b3l

| (olgi st [ 2 p 25T
£5 Al Cya s = )
e T e N L

I 5]

8ha S5 = %)
S e il 2 Bl

$5P1 LA 039381 = 295 (65,1 —(699,5 555 ()

3. Cochran

Y4

Sl eVpame b, it gleoygs o (Sl ke
@l g 005 oolitul (egtas (rac Sl oo
W0,S awslas b e ,S, Joe b L) cdelcassa
e gbaSid e o o ol gl asllhs mbs
SYgaze 3 Slos Wlgh oo (S S5 Jo & S om0
A 3590 (5 e <80 b anlllansjge blis ;o 1, s g0
(2005 .y Som 5 Jsl5)

Feoin s (2013) es g T legiies
bl @Y wim il Jo paiz (e i 0 Sles
h doe Gt Saledys 9 W05 oy 69955 slagss
6l RMSE § R iny csylel lasein 45 wioges ol
sty 1Y 5 [N o s oy golpion o oy

Gran s oy dinej o oSl Slallle aSlogl;)
ool plowl 925" )0 5l asyie (K80 wg )0 655
slopasls anls 5 655 Julow 5 4525 (mizen 9 Col
Syge Sl 50 oSt (KP0y Jyame slp 655
5 69959 Sl Ol e addllae (nl B ol 48,55
ras Seb gladas 3 Slee Lb3) iz 5 (29>
(S Sy Gilwdde Gy b aslie j0 udll 5 esian
ol ool dslie 5086 b e Jow ol 5l oaslowwsay gl

gy 9 dlge
350 y90 SleMbl (5591 o
b plnil Gliwjes bl By b 0 hagh o
S 6yga> owyp g aliin s sl oslainl b 5Lis jee Sledlbl
Sl 5 058 5o Ui Ol oL KA
3,90 50 SVlgw Jolis asl jinsyy 50,8 (5 5lmex VYAF
P LmQ;’ScAéT 095 (0 P gu) alite slag09,9 3l oolaiul
Sfles ,5liS awgi oud ciS Glagne ke (o
Clsy B ey gylweslel IS wlels JS o S5 5gs
Sy 0y g Olpagos g OV il 5 Slels JS o S5 50gs
3 el geosls pogde imgh (pl caie ol o
o Olil (65,0l slax lojle Sledbl g Ll 5l aslas
A eolarul

digad oz 3550 6l OSSS Jseyd 5l addllae (il 4o
A oolazwl 5L3s g0

1. Kaul
2. Khoshnevisan



wSpan ¥l arly p1 (Fd0gi (S pae 55l silwde

SR BO05 Adgi ) leoailiw g leosles (65,3 cwlypd i) Jgar
Table 1: Energy coefficients of inputs and outputs in strawberry production
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Fig. 1: Distribution of input energy in ANFIS models for modeling the energy of strawberry
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Table 2: Energy of inputs and outputs in strawberry production (MJ/ha)

Qo) GiSe p Jg355) (55,1 Hlade Olye
Percentage Energy value (MJ.ha™) Item
20.4 7427.42 el 598
Human labor
0.83 300.905 lagmile 5 oyl
Equipment and machines
5.9 214813 Jpo cSgm
Diesel fuel
50 18139.84 wtleard sloosS 2ol
Chemical fertilizer Input
43 1578.84 Ere slasss
Farmyard manure
15.9 5761.74 tleos pyons
Chemical toxicides
2.4 900.37 skl ;_s‘).-s »:_'
Water for irrigation
30006.51 Cd ool
Strawberry Output
S AOFg 5 55 slapals X Jour
Table 3: Energy indicators in strawberry production
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Fig. 2: Correlation coefficient between actual energy values and predicted values of test and training data
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Table 4: Results of modeling Artificial Neural Network for the prediction of strawberries energy
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0.020 0.97 0.056 6 Levenberg Marquard
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0.030 0.96 0.064 4 Beyesian Regularization
0.021 0.97 0.063 5 Beyesian Regularization
0.020 0.96 0.063 6 Beyesian Regularization
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0.061 0.95 0.080 5 Scaled Conjugate Gradien
0.039 0.93 0.086 6 Scaled Conjugate Gradien
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Table 5: Specification of proposed anfis for modeling the energyof strawberry

Cogac mlgislass Cogac g g6

Glhae glbs (.Sl s Slaypo foome (Niwod (o G50l s, Number of MF Type of MF
MAE RMSE R? Learning method  Sg!  (g9g,5 >, 9959 Olaie
Epoch Input Output Input Item
0.096 0.105 0.903 e 4 33 o SN ) ol
Hybrid Linear Gbell Anfis 1
0.080 0.079 0.946 e 4 33 o SN T ol
Hybrid Linear Gbell Anfis 2
0.082 0.200 0.577 e 4 33 o sl TV ol
Hybrid Linear Gbell Anfis 3
0.050 0.008 0.917 e 4 33 o sl ¥
Hybrid Linear Gbell Anfis 4
0.033 0.062 0.967 St 4 33 GBSy 0 el
Hybrid Linear Gbell Anfis 5
0.025 0.051 0.977 e 4 33 SR TRt
Hybrid Linear Gbell Anfis 6
0.012 0.047 0.981 St 4 33 o SN Vol
Hybrid Linear Gbell Anfis 7
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Table 6: Modeling and analyzing energy consumption sensitivity in strawberry production

MPP t-ratio
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Coefficients Item

Model:InY, =a, + o, In X, + o, In X, + o, In X, + o, In X, + s In X + o5 In X+, In X, +e

- 1.50
-0.12 -0.15
16.89 0.23
-1.64 -0.72
0.97 3.46°
0.09 5.68"
4.46 0.07
2.89 1.01°

19137.06 b
Constant
-0.17 $55 5y
Human laber energy
0.95 cile 651
Mashinery energy
-0.67 S g (5551
Fuel energy
1.05 9o &5
Toxicides energy
0.29 558 555!
Fertilizer energy
0.75 <! 63)‘"‘
Water energy
0.84 0 055 55
Chicken manure energy
1.99 O3y = y90
Durbin watson
0.90 R?

R o SIS LGSR IR VSRS R SRR KT :}
a: Significant at 1 percent level, b: Significant at 5 percent level
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Modeling Energy Consumption of Strawberries on the Basis of Energy Consumption
Pattern Using Artificial Neural Network and Anfis and Regression in Dezfoul County

Sabzealipour!, F. and Bagherpour?”, H.
Abstract

This research was carried out to analyze and model energy consumption in the production of software in open fields
using intelligent artificial neural network, multi-layered non-fuzzy inference scheme and regression. In order to estimate
the amount of energy consumed, data were collected directly from 50 strawberry producers in Dezful. According to the
results, the total input and output energy for this product was equal to 36257.25 and 30006.51 megajol per hectare. The
highest amount of inputs was allocated to the amount of 18139.84 megajol per hectare and 50 percent to chemical
fertilizers. According to the results of ANFIS model, the correlation coefficient and mean square error and mean
absolute error for strawberries were 0.98, 0.047 and 0.012 respectively. Also, the values of these parameters for
artificial neural network with optimal structure (7-6-1) were 0.97, 0.056 and 0.020 respectively and for regression were
0.90, 0.076 and 0.053 respectively. Also, the effect of energy consumption by different inputs on strawberry production
was studied using the Cobb-Douglas parametric method and final physical production. The results showed that the
impacts of machine and water inputs were higher than the other inputs. The results of the comparison of the regression
model with the ANN and ANN model indicated that the anfis model estimates the output value more accurately than the
best artificial neural network model and artificial neural network compared to the regression model.

Keywords: Open fields, Chemical fertilizers, Correlation coefficient, Cobb-Douglas parametric method
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