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11. Summary of the new findings of the thesis:

The overarching purpose of this thesis is to address the dual challenges of path
planning and operational management for large-scale multi-robot systems (MRS)
consisting of ten or more units operating in complex environments. Specifically, the
research focuses on two key contributions:

i. Developing a path planning framework based on the Artificial Bee Colony
algorithm, which is designed to secure global optimality in trajectory generation while
maintaining the requisite search flexibility to adapt to dynamic local variations.

il. Proposing a partitioning strategy to enhance system scalability. By subdividing
the robot population into smaller clusters with localized data-sharing protocols, the
system effectively reduces the total communication overhead and the volume of
operational data required for real-time management.

The scope of this research subjects encompasses two fundamental components. The

first is centralized multi-robot systems characterized by a high density of homogeneous
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agents. These robots possess environmental awareness and the capacity for information
exchange, enabling them to execute independent tasks, manifested by distinct
start-and-goal configurations for each wunit. The second component involves the
mathematical models and algorithms investigated, ranging from classical methods to
swarm intelligence-based approaches as well as specialized clustering or partitioning
methodologies.

The thesis employs an integrated research methodology, which includes (1) a
comprehensive theoretical survey of MRS and path planning to identify existing research
gaps and establish a strategic research direction; (2) the utilization of mathematical tools
to formalize the proposed technical solutions; (3) computer-based simulations using
MATLAB to validate algorithmic performance across diverse scenarios. Statistical
analysis is further applied to substantiate the evaluation of the results.

The thesis presents significant contributions to the field of MRS through two core
solutions: the ElasticABC algorithm and the Dynamic Clustering Method (DCM). The
ElasticABC variant introduces a structural optimization framework characterized by a
dual-operator pair combined with a heuristic initialization strategy. These improvements
enable the algorithm to effectively balance exploration and exploitation, allowing the
system to autonomously adapt the path structure and the number of waypoints to
environmental constraints. Furthermore, the DeZigzagPath technique is successfully
integrated with ElasticABC to eliminate the local zigzag phenomenon, thereby
enhancing trajectory quality and ensuring practical feasibility for real-world robotic
operations. Concurrently, the DCM is developed to optimize system management
through a soft clustering approach based on Gaussian Mixture Models. This method
establishes a flexible probability distribution that allows for overlapping cluster
boundaries, ensuring that robotic agents are distributed across groups in a balanced and
automated manner. The DCM utilizes the set of trajectory intersection points as its
primary input data, allowing the system to partition the operational space based on the
density of potential agent interactions.

12. Practical applicability: The proposed framework demonstrates high practical
feasibility; however, further empirical evaluations on multi-robot platforms are required
to validate its real-world applicability.

13. Further research directions, if any:

- Investigating an adaptive mechanism to determine K-factor (number of clusters)
in the DCM, leveraging quantitative input data metrics for model optimization.

- Evaluating the performance of ElasticABC algorithm in environments with
complex obstacle geometries, such as concave polygons, U-shapes or V-shapes, to
address the local minimum problem.



- Validating the operational performance of both DCM and ElasticABC algorithm
when applied to multi-robot systems under real-world operating conditions.
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