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Machine learning and analytic hierarchy process integration for selecting a sustainable tractor
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Abstract:

Selecting the appropriate tractor for small-scale farms is a complex process due to the multitude of
technical, environmental, and economic criteria that must be evaluated. This study addresses this
challenge by integrating the Analytic Hierarchy Process (AHP) with machine learning (ML) to
reduce the number of criteria and simplify the decision-making process. The research aims to
determine the most relevant criteria aligned with sustainable development goals for selecting the
right tractor, focusing on small farms in the Egyptian Delta. Four tractors, with horsepower ranging
from 55 to 95, were evaluated based on inputs from forty-two governmental service providers in the
study area. Initially, nine criteria were identified, encompassing key technical, environmental, and
economic factors. These criteria were reduced to three—price, power, and maintenance costs by
weights 0.142, 0.334, and 0.525, respectively—using Hierarchical Agglomerative Clustering with
Euclidean distance. This reduction streamlined the selection process, making it more practical for
farmers. Results show that the second tractor (T2), with a priority score of 0.326 and a normalized
value of 33.4%, emerged as the optimal choice for small-scale farmers, outperforming the first
tractor (T1) (28.7%) and third tractor (T3) (21%). Integrating AHP and ML simplifies tractor
selection, ensuring sustainability, cost-efficiency, and operational effectiveness.
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