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Scientists in Singapore and Japan Pioneer
Technology for Controlling Cyborg Insect Swarms

 BY BIOENGINEER —  January 6, 2025 in Technology Reading Time: 4 mins read

Scientists from prestigious institutions, including Nanyang Technological University (NTU) Singapore, Osaka University, and
Hiroshima University, have pioneered a groundbreaking approach to swarm robotics by developing an innovative algorithm
for cyborg insects. This advancement enables a group of cyborg insects to navigate complex terrains through a leader-
follower dynamic that mitigates the risk of navigating obstacles and becoming trapped. The technology marks a signi�cant
step forward in the evolution of swarm robotics, with promising implications for disaster response, infrastructure inspection,
and environmental monitoring.

The cyborg insects used in this research are real insects, speci�cally Madagascar hissing cockroaches, equipped with tiny
electronic devices that facilitate remote control and navigation. These devices consist of sensors, communication antennas,
and batteries that allow the insects to perform speci�c tasks. Earlier experiments focused on controlling individual insects,
but this new algorithm allows entire swarms to work together effectively, signi�cantly expanding their potential applications.

The central concept of this research lies in the introduction of a leader-follower structure, where one designated insect leads
a group of 19 others. Such a hierarchical system enables the swarm to adapt dynamically to the environment. Once the leader
is established, it coordinates the movements of the remaining insects, utilizing signals from their respective electronic
backpacks. This methodology offers a more natural approach to coordination, aligning with the way insects behave in their
natural habitats.

Previously, swarm control methods relied on intricate algorithms that provided comprehensive instructions to each insect.
While effective for small groups, this approach became unwieldy for larger ones, leading to coordination challenges in real-
world scenarios. By shifting to a leader-follower model, researchers found that the cyborgs could assist one another in
navigating obstacles, ultimately reducing the number of nudges required by approximately 50% compared to prior methods.

During lab experiments, the team discovered several advantages associated with their newly developed algorithm. For
instance, enabling greater freedom of movement for the cyborg insects minimized the frequency of entrapment caused by
environmental obstacles. Moreover, the insects displayed enhanced cooperative behavior, allowing those that became stuck
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to be aided by their peers, demonstrating an impressive level of coordination and teamwork that is often seen in natural
swarms.

The researchers have emphasized the importance of biohybrid systems like these cyborg insects in addressing complex real-
world challenges. The ability to employ multiple swarms can signi�cantly increase ef�ciency in tasks such as disaster
response, where rapid assessments of environments riddled with obstacles are imperative for locating individuals in need of
rescue. The potential to detect structural defects in buildings through the sensors mounted on these cyborgs also opens new
avenues for infrastructure maintenance.

One of the key advantages of employing cyborg insects over traditional robots lies in their energy ef�ciency. Unlike
conventional robotic systems that rely on power-intensive motors, these cyborg insects use their legs for locomotion,
powered by lightweight circuit boards that nudge them in desired directions through tiny electrical stimulations. This not only
allows them to conserve energy but also reduces the overall weight and complexity of the system, allowing for more agile
movement in constricted spaces.

Looking ahead, the researchers envision a future where coordinated cyborg insect swarms can perform complex multi-faceted
tasks that go beyond mere navigation. Future developments aim to facilitate collaborative efforts in transporting larger
objects or integrating swarm intelligence algorithms that can emulate more sophisticated behaviors observed in nature.
Testing in outdoor environments, such as disaster sites or rubble piles, represents the next phase in validating the
effectiveness of the navigation algorithm in more demanding conditions that closely resemble real-world scenarios.

Collaborative interdisciplinary research has played a vital role in the progress of this work. Co-corresponding authors,
including Professors Masaki Ogura from Hiroshima University and Wakamiya Naoki from Osaka University, have highlighted the
signi�cance of developing practical control methods that operate ef�ciently in real-world environments. The takeaway from
their research underscores the unique potential inherent in harnessing biological systems to supplement technological
innovations.

The �ndings from this project have garnered considerable attention, not only for their immediate applications but also for
their implications for future research in swarm intelligence and biohybrid systems. Researchers are eager to explore the
natural behaviors of living organisms further, utilizing the insights gained from insect movements to enhance algorithms
aimed at controlling robotic systems.

Notably, the cognitive aspects of decision-making observed in insect behavior serve as a foundational study in understanding
the principles of collective behavior. The cyborg insects’ instinctual navigation abilities, when paired with cutting-edge
technology, pave the way for advancements in �elds that require rapid response and adaptability, such as emergency services
and infrastructure maintenance.

In the realm of robotic engineering, this body of research continues to highlight the intricate interplay between biology and
technology. The narrative surrounding robotic design is shifting as researchers delve deeper into employing biological
principles to create more ef�cient and effective systems. Every step taken in these expansive and collaborative projects
serves to advance our understanding of how to create harmonious and functional biohybrid systems.

As the research progresses, signi�cant interest is likely to arise from various sectors eager to leverage these advancements.
The complex mechanics of real-world environments necessitate innovative solutions that can effectively navigate obstacles,
and these cyborg systems represent a uni�ed response to those demands. The realization of fundamental breakthroughs in
swarm robotics could very well set new standards for future explorations across multiple scienti�c domains and industry
applications.

Ultimately, the work conducted by the joint research team signi�es a new era in how we perceive and implement swarm
robotics. With applications extending to critical areas of disaster management and environmental monitoring, the symbiosis
of biological systems and technology will prove invaluable in addressing some of the most pressing challenges faced by
humanity today and in the future.

Moreover, the articulation of cooperative behaviors within cyborg insect swarms promises to inspire further innovations,
emphasizing the importance of collective intelligence as a driving force in complex problem-solving. This approach may not
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only enhance ef�ciency and responsiveness but also foster a renewed appreciation for the capabilities of living systems
integrated into our technological landscape.

The implications of this research extend beyond immediate applications, suggesting broader relevance in discussions
surrounding the ethical dimensions of bioengineering and the responsible deployment of cyborg technologies. As we navigate
potential applications, the importance of interdisciplinary collaboration and understanding becomes ever more critical in
shaping the future of our integrated environments.
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