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Abstract

With the advancement of Industry 4.0 and intelligent manufacturing, the manufacturing industry is
moving toward flexibility, intelligence, and sustainability. Flexible job shops, as a key mode for achieving
multi-variety, small-batch, and fast-paced production, rely heavily on the efficiency of their internal
logistics systems. Automated Guided Vehicle (AGV) systems serve as the core of logistics automation and
intelligence in flexible workshops, and their multi-vehicle collaborative scheduling and path planning
capabilities are crucial for ensuring smooth production flows, improving resource utilization, and reducing
operational costs. However, actual flexible job shop environments are complex, featuring dynamic layouts,
random task arrivals, high resource coupling, and constraints such as AGV energy consumption and
charging requirements. These factors pose significant challenges to traditional scheduling and path
planning methods. To address these issues, this thesis aims to enhance the overall operational performance
of multi-AGV systems in flexible job shops by addressing the coordination and robustness issues in path
planning and task assignment, thereby meeting the logistics demands in complex flexible manufacturing
environments. The main research contents of this thesis are as follows:

(1) A multi-AGV path planning model considering energy consumption and an improved AMOEA/D
optimization algorithm are proposed. Targeting the complex workshop channels, time-varying AGV speeds
and loads, and the need to balance transportation efficiency and energy consumption, a path planning model
is established with the objectives of minimizing the maximum completion time and total energy
consumption. To effectively solve this multi-objective problem, an improved AMOEA/D algorithm is
proposed within the MOEA/D framework. It incorporates a good point set initialization strategy to enhance
population quality, a dynamic adaptive crossover mechanism to balance search capabilities, and a
Chebyshev aggregation strategy to improve convergence and solution set diversity. Compared with other
intelligent optimization algorithms, the proposed method shows superior performance in terms of
hypervolume and inverted generational distance indicators, validating its effectiveness in coordinating
energy efficiency and operational efficiency.

(2) To address the multi-AGV scheduling requirements in flexible job shops with random task arrivals

and unexpected disturbances, a multi-AGV scheduling method integrating static task assignment and



dynamic response mechanisms is proposed. The NSGA-II algorithm is improved by generating multiple
subpopulations through hybrid initialization, which evolve independently, and periodically incorporating
cooperative strategies such as variable neighborhood search, tabu search, and elite migration. This results in
the improved NSGA-II-CVT algorithm. In task assignment, the improved NSGA-II-CVT algorithm is used
to generate high-quality initial scheduling solutions. Subsequently, a dynamic response mechanism
combining dynamic priority evaluation and rolling horizon rescheduling is designed to enable rapid
adaptive adjustments to unexpected events such as task insertions and AGV failures. This avoids frequent
global rescheduling, which could cause system oscillations, thereby achieving a balance between system
efficiency and stability. Finally, comparative simulation experiments under different AGV quantities, task
scales, and disturbance types validate the comprehensive advantages of the proposed cooperative
scheduling strategy in terms of completion time, load balance, and rescheduling frequency.

(3) A multi-AGV scheduling system is developed to visually display flexible job shop map information,
transportation task information, path planning, and task assignment results. The system integrates workshop
layout and resource information through electronic maps, supports dynamic input and management of task
information, and automates transportation task scheduling based on the aforementioned path planning and
task assignment algorithms. Through a visual interface, it provides workshop managers with an intuitive
decision-making dashboard and scheduling intervention tools, significantly improving the logistics

transportation efficiency of flexible job shops.

Key words: flexible job shop; AGV system; path planning; task assignment; intelligent optimization

algorithm
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