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This study explores the design and implementation of a search algorithm for the 
DustySWARM team in the NASA Swarmathon 2017 physical competition. The 
competition challenges autonomous robotic systems, known as "swarmies," to 
collaboratively locate and collect resources in a simulated environment. To 
address this challenge, three search strategies were developed and evaluated: the 
square spiral path, the spiral path, and the Epicycloidal wave path. Each method 
aimed to optimize resource collection efficiency while maintaining 
communication and coordination among the swarmies. Experimental results 
revealed that the Epicycloidal wave path was the most effective, consistently 
outperforming other strategies by collecting the highest number of resources 
within the competition’s time constraints. This paper outlines the algorithm 
development process, detailing the design considerations, coding techniques, 
and testing procedures that contributed to the success of the Epicycloidal wave 
approach. The findings underscore the importance of strategic path planning and 
robust coordination in enhancing the performance of autonomous robotic 
swarms in resource collection tasks. 
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1.​ Introduction 

This paper discusses the design and implementation of search algorithms for the NASA 
Swarmathon 2017 competition. In this competition, autonomous rovers, or "swarmies," need to 
efficiently find resources in a simulated environment. The significance of the research is in 
furthering the advancement of autonomous robotic search capabilities and communication among 
swarm robots. In this context, the core research question centres on identifying which search 
algorithm best represents resource collection. This would be complemented by sub research 
questions that include: What design considerations exist for each of the search path algorithms? 
How do protocols with regard to communication affect resource collection? What efficiency 
metrics characterize search algorithm evaluation? How does the environment reflect upon the 
search performance? What practical challenges arise in implementing these algorithms? The study 
employs a qualitative methodology, analysing algorithm performance through simulations and 
real-world trials. The structure includes a literature review, methodology exposition, findings 
presentation, and a conclusion discussing theoretical and practical implications. 

2.​ Literature Review 

This section reviews existing literature on autonomous search algorithms, focusing on the design 
and implementation challenges specific to swarm robotics in competitive settings. It discusses the 
sub-research questions of: design considerations for different search paths, role of communication 
in resource collection, metrics for evaluating the efficiency of algorithms, environmental influences 
on search performance, and practical implementation challenges. However, despite this progress, 
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the gaps include poor adaptability of algorithms to dynamic environments, communication 
inefficiencies, inadequacy of performance metrics, unaccounted environmental variables, and 
implementation obstacles. This paper addresses these gaps through qualitative analysis of algorithm 
performance and implementation. 

2.1 Design Considerations for Search Path Algorithms 

Initial research on search path algorithms for swarm robots highlighted basic geometric patterns 
like spirals. Early studies demonstrated limited adaptability to complex environments. Subsequent 
works introduced adaptive pathfinding techniques, improving environmental responsiveness but 
lacking precision in resource detection. Recent advances focused on optimizing path efficiency 
using dynamic algorithms, yet challenges remain in balancing adaptability with resource detection 
accuracy. 

2.2 Communication Protocols and Resource Collection 

Early research on communication in swarm robots focused on basic message-passing protocols, 
which were not found to be efficient in dynamic environments. Subsequent research led to the 
development of robust protocols enhancing coordination and resource detection but raised issues 
with scalability. Recent advancements employed decentralized communication frameworks that 
improve scalability but do not maintain efficiency in large swarms. 

2.3 Efficiency Metrics for Evaluating Search Algorithms 

Initial measures for judging search algorithms were simple and basically involved the amount of 
time needed to find resources. As research became more advanced, sophisticated measures 
including energy expenditure and path optimality were defined, providing further insights into the 
performance of algorithms. However, these measures typically did not address dynamic 
environmental fluctuations, thus having limited application in real-world conditions. 

2.4 Environmental Influence on Search Performance 

Early studies on environmental impact on search algorithms revealed difficulties in different 
terrains, which often resulted in inconsistent performance. Later studies introduced 
simulation-based evaluation, which provided insights into environmental adaptability. Recent 
studies have used machine learning to predict environmental influences, but practical application in 
varied real-world conditions is still limited. 

2.5 Practical Challenges in Algorithm Implementation 

Initial implementations of search algorithms had problems with hardware constraints and software 
interface problems. The subsequent implementations through modular design and simulation 
testing could not solve the real-time adaptability problem. Current research focused on improving 
robustness and flexibility but still encountered difficulties in smooth integration and real-time 
performance. 

3.​ Method 

This paper adopts a qualitative research approach to evaluate the design and implementation of 
search algorithms for swarm robots. Qualitative analysis facilitates a deep understanding of the 
performance of the algorithm and dynamics of communication. Data collection took place through 
both simulation and field trials with NASA's "swarmies" by observing algorithmic efficiency, 
resource collection, and effective communication. Thematic analysis was used for data analysis; it 
emerged with primary performance themes and challenges. Therefore, this qualitative method 
ensures that algorithm capabilities and implementation difficulties are well understood to offer 
insight into future development. 

4.​ Results 
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This work highlights the qualitative knowledge about designing and implementing search 
algorithms on swarm robots from the simulation and field trials. These key findings relate to 
sub-research questions that include design considerations for search path algorithms, impacts of 
communication protocols on resource collection efficiency, meaningful efficiency metrics for 
algorithm evaluation, environmental effects on search performance, and practical implementation 
challenges. Specific findings include: "Enhanced Path Efficiency through Epicycloidal Wave 
Algorithm," "Optimized Communication Protocols for Resource Detection," "Comprehensive 
Metrics for Performance Evaluation," "Environmental Adaptability of Search Algorithms," and 
"Practical Solutions for Implementation Challenges." These findings show that the Epicycloidal 
wave path greatly improved resource collection, optimized communication protocols enhanced 
detection accuracy, comprehensive metrics provided a holistic performance view, environmental 
adaptability was crucial for consistent performance, and practical solutions addressed key 
implementation challenges. The study addresses gaps in previous research by offering a detailed 
analysis of algorithm performance and implementation, contributing to the advancement of 
autonomous swarm robotics. 

4.1 Epicycloidal Wave Algorithm for Enhanced Path Efficiency 

The wave algorithm within the Epicycloidal path revealed superior path efficiency, significantly 
increasing resource collection in both simulated experiments and field tests. Qualitative trial data 
for such tests showed the algorithm outperformed common methods, such as spiral paths, on any 
given terrain. For instance, in a simulated rocky terrain, the Epicycloidal wave path dodged 
obstacles with superior precision to optimize resource detection. 

4.2 Optimized Communication Protocols in Resource Detection 

Optimized communication protocols were key to improving resource detection accuracy. Field trial 
data showed many scenarios under which decentralized communication frameworks enhanced 
coordination and shared resources among swarmies. Among them, the following is a trial where 
swarmies easily communicated resource locations, reducing search time and increasing collection 
efficiency, thus proving the scalability and effectiveness of the protocols. 

4.3 Comprehensive Metrics for Performance Evaluation 

Detailed performance metrics yielded insightful information regarding algorithm efficiency. A 
study on the simulation data found that the inclusion of metrics regarding time, energy 
consumption, and path efficiency presented a balanced view of performance. For example, the use 
of energy metrics would show how the Epicycloidal wave path balances its collection speed and 
resource usage to reflect practical usability. 

4.4 Environmental Adaptability of Search Algorithms 

The study showed that environmental adaptability was a key factor for the consistent performance 
of search. Field trials in different terrains illustrated the importance of adaptive algorithms like the 
Epicycloidal wave path. For instance, in a desert simulation, the algorithm adjusted its path 
dynamically, maintaining high resource collection rates despite challenging conditions, thereby 
showing its robustness and adaptability. 

4.5 Practical Solutions for Implementation Challenges 

Practical solutions have been addressed on the key implementation challenges, thereby enhancing 
the robustness and flexibility of the algorithm. Qualitative data from development phases identified 
effective strategies such as modular design and real-time simulation testing. An example includes 
the integration of adaptive modules that improved algorithm performance in real-time, 
demonstrating their effectiveness in overcoming hardware and software integration issues. 
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5.​ Conclusion 

This research examined the design and implementation of search algorithms for swarm robots, 
emphasizing the superior performance of the Epicycloidal wave path in resource collection. By 
addressing key aspects such as communication protocols, performance metrics, environmental 
adaptability, and implementation challenges, the study offers a comprehensive perspective on 
advancing autonomous swarm robotics. 

The results demonstrate that adaptable and efficient algorithms, combined with robust 
communication frameworks, are crucial for optimizing search performance. The Epicycloidal wave 
path algorithm significantly outperformed other methods, such as the square spiral and basic spiral 
paths, by enhancing path efficiency and resource collection. Improved communication protocols 
further contributed to effective coordination among robots, enabling faster detection and retrieval 
of resources. 

Comprehensive performance metrics were essential in evaluating algorithm efficiency, 
incorporating factors such as time, energy consumption, and path optimization. Additionally, the 
study highlighted the importance of environmental adaptability, as demonstrated by the 
Epicycloidal wave path's consistent performance across diverse terrains and challenging conditions. 

Despite these advancements, the study acknowledges limitations in its focus on specific algorithms 
and controlled environments, which may restrict the generalizability of findings. Practical 
implementation challenges, such as hardware constraints and real-time adaptability, remain areas 
for further exploration. 

Future research should address these limitations by investigating a broader range of algorithms, 
incorporating mixed methodologies, and testing under diverse and dynamic environmental 
conditions. Such efforts can enhance the understanding of autonomous search capabilities and 
promote the development of innovative, efficient search strategies for swarm robotics. 

This work contributes significantly to both theoretical advancements and practical applications, 
paving the way for more effective and adaptable autonomous robotic systems. 
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