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Fig. 8. Comparison of actual experimental data and FES model over 18 treatments for contact area in training partition.
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Fig. 9. Comparison of actual experimental data and FES model over 18 treatments for contact pressure in training partition.

Table 3

Statistical specifications of the developed FES models by Z-shape membership
function.

Table 5
Statistical specifications of the developed FES models by Guassian membership
function.

Model Error R? Tvalue Model Error R? Tvalue
FES contact area model 0.000065848 0.9867 0.981 FES contact area model 0.000055938 0.9857 0.977
FES contact pressure model 0.229537 0.9782 0.977 FES contact pressure model 0.198923 0.9724 0.965

Table 4

Statistical specifications of the developed FES models by Triangular membership
function.

Model Error R? Tvalue
FES contact area model 0.000033315 0.9942 0.992
FES contact pressure model 0.164041 0.9891 0.986

obtained results revealed that triangular membership out-
performed Z-shaped and Gaussian membership functions on the
basis of lower mean relative error, closer scattering around
unity slope-line and better coefficient of determination that

validates the applicability and usefulness of the proposed
model.

4. Concluding remarks

For agricultural engineering, machine design, and energy man-
agement precise estimations of contact area and contact pressure
are inevitable. This paper approves fuzzy logic system’s accurate
predictions, since Fuzzy logic system includes the privilege of sim-
plicity (lexical interpretations for inputs and outputs), applicability
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for nonlinear interactions and robustness over the other conven-
tional methods. We utilized 25 If-Then true rules with Mamdani
max-min inference supposition with Centroid defuzzification for-
mula to predict the contact area and contact pressure considering
the experimental data obtained in soil bin facility in clay-loam soil
condition. The findings divulged the promising application of FES
in terms of various statistical criteria. This model can be used for
further relevant studies as a reference, however can be improved
for more generalization.
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