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3- Machine learning
4- Neural network
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1- Fuzzy rule base

2- Fuzzy inference motor
3- Fuzzifiction

4- Defuzzifiction

5- Mamdani max-min

6- Fuzzy inference system
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3- Center of gravity defuzzifier
4- Triangular membership function
5- Truth degrees
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1- Fuzzy set theory
2- Fuzzy expert systems
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Table 1- Average values of soil

parameter
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Wet condition Dry condition
S#
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Fig.1. Structure of fuzzy expert system
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Fig.2. Membership functions of input variables
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Table 3- Analysis of variance table of regression to predict draft force
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Sum of squares Degree of freedom Mean square

&0 Olay o 9000
Source
S 437.546 2
Model '
obles8ly

T 25.383 36
Residual
S 462.986 38
Total

218.782 310.307*

0.705

**._ Significant at probability level of 1%

7N Jlen] s )3 (g)l5 xe — st



IWAY o35 Jlaons oF 05los ¥ il ¢ g5 y3LisS cloomislo 4yt VY@

$59SB 3)90 655 St pgkaie 4 (FwesS) Llly 43 Jdr —& Jg
Table 4- Analysis of variance table of regression to predict tillage energy
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Sum of squares Degree of freedom Mean square

&0 Olay o 9000
Source
Je 0.923 2
Model '
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T 0.065 36
Residual
£ 0.989 38
Total

0.462 253.713*

0.002

**_ Significant at probability level of 1%
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Fig.4. Effect of forward velocity and tillage depth on the draft force
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Fig.5. Effect of forward velocity and tillage depth on tillage energy requirements
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Fig.6. Relationship between measured and predicted values of draft force (from FES model)
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Fig.7. Relationship between measured and predicted values of the required energy for tillage (from FES model)



IWAY g0 Jlanons oF 05lois ¥ ol ¢ g5 53LiS ol 4y pids V)Y

Gl yiaghS s (Sopday oy S (g8 a0
g LS Goe T g e o 2 (55,95 dlowg (2= W g
boye (cupd) padld F) il yiagsilo cams 2 (65y9S1E
LSE Gy plp i céb b SB (gl 8 0l o S o
a,S L )3 180 i el b S gl g /Y Lgte cl
LBl o (65598 glajlpl 4 basye colps C,B A 26 o0
(0S=8525) G ] 5> 3wl 3y90 (55,58 aliwy gl &S
xb B, 5 A=226, B=0,C =18

o &) Jae b (o3t6 s 31 odlial b _itm iy dusplio gl
Jae oizpan 5 (ASAE) 15450l (655l (iiae ozl bawgs
polis (g9, (glmodly plo aS sl lis (VAAY) (o)) Kes 5 5,8
clmodly) (65,555 calisto cla gas (glp odel Cawd 4 S
<83 L) ASAE »,lusliwl I odel cows 4 slael 539450 4> ( 8lg
sloodly (651 i Je SB opl jd g cunl @85 1,3 (270
SorS ) slaae plo 4 Cond (HBly glaodh &4 (5505
os it U 3 (VAY) oy g 5lS St sl 03,5 1)
Slai o 1)) Bl glaosly 4 s (658558 Hlos slrosls

S5 4o
5U) 008 e ilodde slooged S b duglie
o3l sl 3925 ;LB 4 (556 (gilu e (SedlS S S
45 (138 dowg 4 Wl oo (295 9 ($3929 Sl yite (o dlail))
Aied )5 g (4535 o Wi Sl gL psie (bl
s A (9355 sl yeite 5 B0l 4 (St (53 ,SLes)
3 cnlplis 2515 655 05 Lo ol 41y lsh e o)y
oS Gl d Gl gt Jie o plgis 4 plgie (FIS)
Wl (VL Caabad pace (Gl (o295 Lo g (639)9 sLaodls
oty SedlS laghyy (dalpd iz )3 1525 0ges ool
losls ;3 35290 (slacuabd pac (9 4 Wl a3 (g S yolas
Olye dn Slg oo Jio (pl drwgs duny o S5 2 3,50 S5 3 1,
o= opiored 03,5 oolatwl (65,0 S LS Cldllas glp xo 0 S
BLSIL g Byl Sl (e (lg8 GLIBIL Ml (oo
M 650k dngi 500 Bl I s 41 (qas 4Sd (0,8

S8

Lo oy 5 00 (S0l polie s sllas 4SS
Gl IVIRE 5 S polis 9555 (sl /FTY (g5 S 5] oolitul
ol gl el s (S Slilas 5L 550 (5
Jo3 JB 2ol a8 0dd (i (s slbad polia dayialyl
(Marakoglu and Carman, 2010) ¢! (%))

S9rs mobe (P )S) S S @l (Budd pl )
Sl e jl oslinal b (65,55 Sllas i 5)50 (5551 5 (oS
4 (WD) (55,55 B Bos 5 (FV) j9i51)5 (g9 by ooy Jiunno
el Cawd 4 (V+) 9 (V2) & V¥oleo &jgu0
E; = 0.0007423 FV + 0.0001185 WD — 0.00355361 (V)

DF = 0.831FV + 412WD — 10.018 (¥Y+)

polie ($9y= (it Gt (o sl polie (L
oo Sl oslial Ly (S wlides 5L 3550 (<551 9 (o288
Sl B (e AOIVY 5 TN G55 a S S
SHB ot Jhe Sl 5S)5 GemesS) ladde 3 (s slalles
A5 eal,

L (5L8 Jaa jl odlatal b (i ol Vb duslio  0gMle
ezl Lasgi 000 1)) Jie 5 (VAAY) o LSan 5 5)LS Jas
S93 ity s5-late 4 (ASAE) 1S, el (6)5liS” cppusinee
18,5 )15 dnliio 3)90 (65981 lgal jlo 3)90 (IS polia
(ASAE, 2003a; ASAE, 2003b; Garner ef al., 1987)

lasle bl SK (ly (VAY) Ghlen 5 55 Jse
oldise sl a S cowl , S5 a4y piY 5wl s )5 @l sl
ol (sgidl gy o L 3550 3 1) 595 Gl
00 ) Jae alosls plssl g Kby 10 (355 5 (ypmeals
—(Dothan) sl S5 g, (VAAY) o) LlSen g 5,L5 o wg
SHyp S 6l g y=—82+4779x Ojgo 4 (gl S
Libe y=—1824102.6x Cygo 4 08 s —(Norfolk)
polie (S9y ¥ 5 ;o s 1 (G59S LS Gas X ol 2 &S
A8l oo (Fg8 S cuns p (65)9S B L5 390 (AiS

S (595 (ASAE) LS pol (55,9’ (ypmsine ol
el L S 1S s aw gl 1y 6jpsSs ool jlo 390
ol 83,8 28l S il by S g ausgze cdly b ST (S
JASAE L g oa 5 a3l Ju_
S35 D ol > 4 3 sbos D=F[4+B(S)+C(S*)IWT

O)9 2 4

&be

1. Abbaspour-Gilandeh, Y., A. Khalilian, R. Alimardani, A. R. Keyhani, and S. H. Sadati. 2006.
Comparison of energy requirements of uniform-depth and variable-depth tillage as affected by travel
speed and soil moisture .Iranian Agricultural Science Journal 35: 473-483.



NIV

L ¥ oldes 5L 0590 655l 9 (il polio (593 (S

10.

11.

12.

13.

14.
15.

16.

17.

Adamchuk, V. 1., M. T. Morgan, and H. S. Sumali. 2001. Mapping of spatial and vertical variation of soil
mechanical resistance using linear pressure model. Presented at the 2001 ASAE Annual International
Meeting, Paper No.01-1019, American Society of Agricultural Engineers. 2950 Niles Road, St. Joseph,
MI 49085-9659, USA.

Alimardani, R., Y. Abbaspour-Gilandeh, A. Khalilian, A. Keyhani, and S. H. Sadati. 2009. Prediction of
draft force and energy of subsoiling operation using ANN model. International Journal of Food,
Agriculture & Environment (JFAE), 7(3&4): 537-542.

ASAE Standards, 2003a. ASAE EP496.2 FEBO03: Agricultural Machinery Management. In: ASAE
Standards 2003. ASAE, St. Joseph, ML

ASAE Standards, 2003b. ASAE D497.4 FEBO3: Agricultural Machinery Management Data. In: ASAE
Standards 2003. ASAE, St. Joseph, MI.

ASAE Standards, 2004. ASAE S313.3 FEBO04: Soil cone penetrometer. In: Hahn, R. H., Purschwitz, M.
A., Rosentreter, E. E. (Eds.), and ASAE Standards 2004.ASAE, St. Joseph, MI.

Carman, K., 2008. Prediction of soil compaction under pneumatic tires a using fuzzy logic approach.
Terramechanics 45:103-105.

Garner, T. H., W. R. Reynolds, H. L. Musen, G. E. Miles, J. W. Davis, Dam Wolf, and U. M. Peiper.
1987. Energy requirement for subsoiling coastal plain soils. Transactions of the ASAE 30(2): 343-349.
Gill, W. R., and G. E. Vanden Berg. 1968. Soil dynamics in tillage and traction. Agricultural handbook
316. Washington, D.C.: USDA-Agric. Res. Service.64

Gorucu, S., A. Khalilian, Y. J. Han, R. B. Dodd, F. J. Wolak, and M. Keskin. 2001. Variable depth tillage
based on geo-referenced soil compaction data in Coastal Plain region of South Carolina. ASAE Paper No.
011016. St. Joseph, Mich.: ASAE.

Karatalopoulos, S. V., 2000. Understanding Neural Networks and Fuzzy Logic- Basic Concepts and
Applications; Prentice Hall, New-Delhi, India.

Khalilian, A., Y. J. Han, R. B. Dodd, Mike J. Sullivan, S. Gorucu, and M. Keskin. 2002. A control system
for variable depth tillage. ASAE Paper No. 021209. St. Joseph, Mich.: ASAE.

Marakoglu, T., and K. Carman. 2010. Fuzzy knowledge-based model for prediction of soil loosening and
draft efficiency in tillage, Terramechanics 47: 173-178.

Ross, J. T., 1995. Fuzzy Logic with engineering applications. New York: McGraw Hill Inc.

Upadhyaya S. K., T. X. Ma, W. J. Chancellor, and Y. M. Zhao. 1987. Dynamics of soil-tool interaction.
Soil & Tillage Research 9(1): 187-206.

Upadhyaya, S. K., W. J. Chancellor, J. V. Perumpral, R. L. Schafer, W. R. Gill, and G. E. Vandenberg.
1994. Advances in Soil Dynamics (1). American Society of Agricultural Engineering.

Wang, Li-Xin, 1997. A Course in Fuzzy Systems and Control, Prentice-Hall.



