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Abstract: In forest harvesting operations, transportation routing and task scheduling are highly coupled. Traditional
single-objective optimization approaches often fail to balance operational efficiency with ecological impact. This study
proposes a multi-objective scheduling method integrating ecological disturbance control for coordinated optimization of
harvesting and transportation. A multi-objective model is developed to minimize total transportation distance, makes-
pan, and surface disturbance. Road-level disturbance coefficients and regional sensitivity factors are prominently intro-
duced for refined assessment of surface disturbance. An improved non-dominated sorting genetic algorithm [I (NSGA-
Il ) is employed, utilizing specific encoding and evolutionary strategies for multi-objective optimization. Simulation re-
sults show that the proposed method reduces transportation distance by approximately 14. 3% and surface disturbance by
nearly 32% compared to greedy and ACO-based algorithms, while maintaining comparable completion times. The multi-
objective compromise solution demonstrates superior to single objective extreme solutions in terms of the balance of three
indicators. The method effectively reduces environmental disturbance without significantly sacrificing efficiency,
achieves efficient coordination between scheduling optimization of forest harvesting tasks and ecological control, and is

suitable for smart forestry scheduling scenarios under ecological constraints and showcasing strong potential for practical
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Fig. 3 Distribution map of nodes and road network in the experimental area
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