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Abstract of Thesis

Inspired by natural behaviors such as sheepdogs guiding sheep, ”“shepherding” in swarm robotics involves
a class of steering agents that influence another group of agents. Shepherding systems rely on steering
agents to guide or repel passive members, thus directing the entire swarm toward a target.

Conventional approaches to shepherding employ various methods, including control theory, rule—based
strategies, and reinforcement learning. Nevertheless, these methods often rely on continuous access to
detailed information, such as centralized control for the steering agents or comprehensive sensing data
about other agents. In practical scenarios, such assumptions are frequently unrealistic due to sensing
limitations and communication constraints, which significantly reduce the feasibility of the
aforementioned methods.

This dissertation presents shepherding algorithms that utilize limited information to enable
collaboration among steering agents. The research aim is to find essential information types for
accomplishing the shepherding task by proposing and evaluating practical algorithms. These algorithms
emphasize simplicity by reducing reliance on complex data collection and extensive agent—-to—agent
communication, thereby enabling flexibility and scalability in managing larger swarms. Specifically
this research focuses on two key studies, each addressing distinct aspects of information constraints.

Through extensive simulations, this dissertation introduces and validates the methods under two distinct
settings to examine the limits in swarm control: (1) relative sensing without communication and (2)
further reduced sensing with limited communication. Although intermediate configurations may be
possible, focusing on these extreme scenarios provides critical insights into the information required
for coordination. The results offer practical and quantitative benchmarks, specifying the sensing and
communication limits that allow autonomous systems to operate reliably with limited data in real-world
conditions. By defining these criteria, this research addresses pressing challenges in swarm robotics
and multi-agent systems and establishes a foundation for future developments in adaptive, information—
efficient swarm technologies.

In summary, this study advances our understanding of decentralized shepherding-type swarm control by
utilizing the limited information requirements for coordination. These findings bridge theory with
application, demonstrating that simple, rule—based interactions can produce scalable, effective swarm
behaviors under realistic constraints. The solutions presented underscore the importance of simplicity
and adaptability in engineered systems, paving the way for robust and resource—efficient swarm
technologies that can perform in challenging, information—limited environments. The results of this
study bring us closer to realizing the potential of swarms as intelligent, adaptive systems, poised to
transform domains such as autonomous navigation, environmental management, and collaborative robotics.
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