Journal of Agricultural Machinery
Vol. 8, No. 1, Spring - Summer 2018, p. 105-118

B,

KA Gl

S$329LiS S ytilo 4y il

i 105-118 _p 1397 gl Jlmows d o5tos 8 al>

YL Oy e G2 Sl aliial b 58815 50 55 S WSS g5led e

3L . L2, T S .
e k8 (g s =7 Sl (6,508 Ll - 7 sl M
1395/06/25 =Ly gu,ls
1395/11/11 : oy o

2>

Coglio Gil38l cnge (55)5LtS LS 115 cusl (655l oS 53 (ST, sl e 30 50 ble 335 58T (o e 51 (S
Johite sl gy g S5alsST clapimn (53l Jice 300 Jpazee 3,Slae (ialS Loles 5 olS Jp> 4y (ials (S Sl
Vb ey 5 (ol daulgay p i Sluslows g (o gime (Den Clapiuns ol JSo sl 55 lS6l &5 )3 il oy Camls Joas (53l a0
oy oy S Cagl) 3b o8 SB 1515 s (il e 35 cp) plow] Jl ot it 55 390 Jlomr D90l b iy LS L
5 719 716 1315 S11 o gy 3 SB Cagby imghr cpl 0 g AYNS Cgsiwy (Soian s cbaSd bug S Ges g pile
40 535 30 25 20 gl s SLs cilisee slingac 5 by yioskS 5 54 3 2 L o g 13 cymile copeias oo Silee 22
b8 slacssl )b B )3 LSl (ialejl & goa o)l Biome oSty (Slios a5 )5 )3 (25 sloodls a5 485 L 5 yie s
&l L ol Y 5 09 @ b gt (v &b sl Cudty )15 a3 SB G g ggpin Sy agb) o gy 50 (Bola
oaimd s (78 @l g Jho @l dwglie b 00> Gijsel 5 (b siloae sl (298 09 sl ks S & 5 snseSew Jid
0129 5 0117 1)y s iy i (slhas sllao 5uSilin 23 5 Jbo csllas Slasye 650ko ko 35y yolie o) oy R= 0199 s iy
2y SB (1515 polie (aes )3 aas aSd Jho (Vb 8 I L5 &5 Sike] Cawndey duo p

Gl de ¢ Soimn mac aSud S (ST YAy eyt 35S sWd2]lg

Eideols LS g Sl caglin by plSoxial il o
2 g by gy g (gdse dlgo as gl Eals dawlgay S
g LadgS 4 L Glali8l carge Caled 3 9 2980 0l oyt
Opgmodn i )b CBlse gl e Mg slaatja il
Lo 33 oyiwd 50 I dlge yiaS olise > @ oS wiy galS
et ialS ( Saxe dlg e g (gdae dlge (st > ialS cculS
ke Loy ile Lwss S o 55 Gialiil 5 bpslS lg oo
aS She S5 5 o5l oS5 cawg (Raper, 2005) 340 0
Oosele 9B 295 53 358 00 (i (55,58 slagyeitle 35 | lais
Sk oS1,5 (Flowers and Lal, 1998) 345 oo 03} wess ;S
2 52518 e SIS (5die 33 0 SLS oy 55 ke
Oodue 4 5 (Akker and Canarache, 2001) L)l 0,18 (sl g8
»Ls [(Carder, 1986) el oai 3 yme Wyl gz 3 iSa
S Ugs) 550 9 5y cslosens ) iSe gsebio 16 50 L lys
38l gm Yl 515 s (s S (5o 36 5 g o515
WS 3l oS s &S cunl ax 5 Il (Ferrara et al., 2015)
Bouwman, ) il die Slg o S 5y (sly (xaw Sk

.

CYRTTY

9 LaygSly jlosliwl gt (hyde Mg slaoged 5 (55)9LaS

Ll oliwy JlBye o(6550lis” llee slial o o plaS
4 u.bl_w) pu_»j 2 llbui u’_)l)]y J.Ibu»wLa a)l.bl DJ\A)I)S L)AAJI)SI
3 b odge a1y olS 5l cules 5 g Cudtue oS cutS lays
P ST Jelse zuo o Co pis g calins Wl o iul3el
Cgonl jl 6815 Gz wlil ials jglateds (g5)5lisS slaSs
s yliee ol 03l &35 5 S Bl sl H3yed 0 (slofs
gae a9 (61851 sy (g9 b (gby (slaie (S
o3lisol i (5y9LiS SS1E (WSTy5 3 1S ,5T Jelge alos !
P R O WP V- BUCSS | IV VIV P PV D NS

(b @l 5 (655l 0uSils g i 05,8 Gl =3 51

Ll e oSl
o8l b wlio 5 (65y5LiS 0aSl (piummwgn Silso il ol IS =2
kool e

(Email: gshahgoli@yahoo.com
DOI: 10.22067/jam.v8i1.58891

iytes odisi %)



1397 Jgl Jlamosi oL 05leis 8 alsr 1 g3y9LiS (glopoiile 4y pis 106

Input Neuron w Vector Input

a=f{Wp +b)

bl g 999 R ol L e (998 6yl -1 S
Fig. 1. A neuron structure with R inputs and bias
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Fig. 2. A neural network with a layer consisted of S
neuron and R inputs
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1- Mean squared error

2- Fit

3- Mmean absolute percentage error
4- Back propagation (BP)
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Table 2- Analysis of variance of obtained data on bulk density during field experiments

O yuS @i &3l a2y Olasyo ggome layye ke F
Source of variations  Degree of freedom Mean squares
"’S’ . 2 40.469 20.235 1.085 ns
Replication
Cﬁ’b 4 4 151253.376 37813.344 2027.163**
Moisture
e 4 76949.269 19237.317 1031.307**
Speed
at 4 121443.483 30360.871 1627.638**
Depth
. x Co
e 5k 16 5888.544 368.034 19.73**
MoisturexSpeed
Gos X Cagh 16 2661.931 166.371 8.919**
MoisturexDepth
Go X at 16 1985.904 124.119 6.654**
SpeedxDepth
oo X g X g 64 4217.749 65.902 3,533+
MoisturexSpeedxDepth
(e 248 4663.333 18.64 -
Error
S 374 589369063 - -
Total

95 4 xe NS AL Jlessl prdaw )3l imo s

15 Jls! o 3 SB (ogases pyn p ol (sl yial)l @l 31 5 Kke duslio ol =3 Jgds
Table 3- Comparing results of the means of the main parameters effect on the bulk density at P<5%

Gos G oyt o Gapin Cope sl ot pn IR s n
(cm) (kg m) (km h) (kg ) ) (kgm?)
Depth Bulk density Speed Bulk density C(?rﬁeﬁe Bulk density

20 1322.25° 1 1317.68° 11 1270.89°

25 1307.41° 2 1302.82° 135 1279.19°

30 1202.4° 3 1204.29° 16 1200.65°

35 1281.09° 4 1282.98" 19 1308.01°

40 1282.14° 5 1277.52° 22 132657

.L:JLL;Q M u.)y )‘.)L{.m DMJULM: alises u_95)>
Similar letters show that threr was no significant difference
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Fig. 5. Binary effect of forward speed and moisture on the soil bulk density
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Fig. 6. Binary effect of moisture and depth on the soil bulk density
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Introduction

Soil compaction is one of the most destructive effects of machine traffic. Compaction increases soil
mechanical strength and reduces its porosity, plant rooting and ultimately the yield. Nowadays, agricultural
machinery has the maximum share on soil compaction in modern agriculture. The soil destruction may be as
surface deformation or as subsurface compaction. Any way machine traffic destructs soil structure and as result
has unfavorable effect on the yield. Hence, soil compaction recognition and its management are very important.
In general, soil compaction is the most destructive effect of machine traffic. Modeling of ecological systems by
conventional modeling methods due to the multitude effective parameters has always been challenging. Artificial
intelligence and soft computing methods due to their simplicity, high precision in simulation of complex and
nonlinear processes are highly regarded. The purpose of this research was the modeling of soil compaction
system affected by soil moisture content, the tractor forward velocity and soil depth by multilayer perceptron
neural network.

Materials and Methods

In order to carry out the field experiments, a tractor MF285 which was equipped with a three-tilt moldboard
plough was used. Experiments were conducted at the Agricultural research field of University of Mohaghegh
Ardabili in five levels of moisture content of 11, 14, 16, 19 and 22%, forward velocity of 1, 2, 3, 4 and 5 km/h,
and soil depths of 20, 25, 30, 35 and 40 cm as a randomized complete block design with three replications. In
this study, perceptron neural network with five neurons in the hidden layer with sigmoid transfer function and
linear transfer function for the output neuron was designed and trained.

Results and Discussion

Field experiments showed three main factors were significant on the bulk density (P<0.01). The mutual effect
of moisture on depth and mutual binary effect of moisture on velocity and depth on velocity were significant
(P<0.01). Mutual triplet effect of moisture on velocity on depth was significant (P<0.05). Maximum bulk density
of 1362 kg/m® was obtained at the highest moisture of 22% and the lowest forward velocity of 1 km/h at the
depth of 20 cm. Whilst the minimum value of 1234.5 kg/m® was related to the moisture, forward velocity and
depth of 11%, 5 km/h and depth of 40 cm, respectively. Compaction increased as soil moisture content increased
up to 22% which was critical moisture. In contrast, soil compaction decreased as the tractor velocity and soil
depth increased. A comparison of neural network output and experimental results indicated a high determination
coefficient of R? = 0.99 between them. Also, the mean square error of the model was 0.174, in addition, mean
absolute percentage error of the system (MAPE) was equal to %0.29 which showed high accuracy of neural
network to model soil compaction.

Conclusions

It was concluded that soil compaction increased as soil moisture content increased up to a critical value.
Increasing soil moisture act as lubricant and soil layers compacted together. Hence knowledge of soil moisture
can help us to manage soil compaction during agricultural operations. Increasing the tractor forward velocity
reduced soil compaction. However, agricultural operations should be conducted at certain speeds to carry out the
duty properly and increasing speed more that value decreases the efficiency of work.

Neural network of MLP with 5 neurons in hidden layer and sigmoid function in middle layer and one neuron
with linear transfer function was found the most accurate and precise in prediction of the soil bulk density. A
high determination coefficient of R? = 0.99 was found between measured and predicted values.
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