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NTU Singapore scientists use Al-powered robot to assemble cyborg
insects for use in search and rescue efforts

Nanyang Technological University, Singapore (NTU Singapore) scientists have
built the world’s first automated cyborg insect “factory line”.

Supported by the Japan Science and Technology Agency (JST), this new prototype
robotic system automates the attachment of miniature electronic backpacks on the
back of Madagascar hissing cockroaches, turning them into insect-hybrid robots.

This new assembly method significantly reduces preparation time and human error,
marking a big step towards large-scale deployment of insect-hybrid robots in complex
environments for search and rescue efforts in disaster zones.

Led by Professor Hirotaka Sato from the School of Mechanical and Aerospace
Engineering at NTU Singapore, the automated system can attach the electronic
“backpacks” to Madagascar hissing cockroaches in just 1 minute and 8 seconds per
insect.

This is about 60 times faster than the traditional manual process dependent on trained
operators, which often takes more than an hour. When processing four insects, the
system completed all assemblies in under 8 minutes, about 30 times quicker than
manual methods.

“Our innovation makes the dream of deploying large numbers of cyborg insects in real-
life scenarios far more practical,” said Prof Sato.

“‘Manual preparation is time-consuming and very dependent on skilled operators. By
automating the process, we can produce insect-hybrid robots rapidly and consistently.
It will allow us to prepare them in large numbers, which will be critical in time-sensitive
operations such as post-disaster search and rescue.”

When the roaches are no longer deployed or during long periods of rests, the miniature
electronic backpacks can be safely removed from their backs without any adverse
effects.



How cyborg insects work

Unlike conventional robots, cyborg insects move normally using their limbs, guided by
gentle electrical stimulations delivered through implanted electrodes connected to a
lightweight circuit board on their backs.

The Al-enabled robotic assembly system uses computer vision and a proprietary
algorithm to identify the optimal anatomical site on the cockroach’s back for electrode
implantation, ensuring accurate placement.

The researchers also designed a new generation of backpack that stimulates the
insects more efficiently, using 25 per cent less voltage than earlier versions while
maintaining precise control of movement. This extra power efficiency will help to
extend operational time and reduce the risk of overstimulation.

In laboratory tests, the hybrid insects demonstrated sharp turns of over 70 degrees
and speed reduction of up to 68 per cent on command.

A swarm of four cyborg roaches covered over 80 per cent of an obstacle-filled test
area in just 10.5 minutes, showcasing their ability to navigate through tight and
cluttered spaces.

While the assembly line is still in the prototype stage, cyborg insects with the first-
generation backpack mounted using the manual method have already seen real-world
use.

Real-world applications

On 30 March 2025, a team of 10 cyborg insects was deployed to Myanmar together
with the Singapore Civil Defence Force (SCDF) as part of its Operation Lionheart
contingent.

The humanitarian aid mission was in response to a devastating 7.7-magnitude
earthquake that struck on March 28, which claimed more than 3,000 lives.

This marked the first time that cyborg insects were used in a humanitarian operation
and the first-ever field deployment of insect-hybrid robots.

The field deployment demonstrated the potential of insect-based robotics for locating
survivors in disaster-hit areas where conventional robots would have struggled with
access and short operational times.

“With learning from our field deployment, it's now essential to create infrastructure that
supports mass production and deployment,” said Prof Sato. “Our assembly line is the
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first step towards that goal, and we believe it will pave the way for more reliable cyborg
applications, such as inspecting large civil structures for defects.”

Prof Sato is internationally recognised for his pioneering work in cyborg insects. His

groundbreaking research has been featured in TIME magazine’s “50 Best Inventions
of the Year” and MIT Technology Review’s “10 Emerging Technologies”.

Looking ahead, his team aims to improve the assembly system and work with local
partners to further validate its effectiveness and readiness for industrial use.

This research was supported by the Japan Science and Technology Agency (JST)
under the Moonshot R&D Programme, Moonshot Goal 3: “Realisation of Al robots that
autonomously learn, adapt to their environment, evolve in intelligence and act
alongside human beings, by 2050.”

The work was carried out under the R&D Project titled “New World of Inspiration by
Co-evolution of Humans, Al Robots, and Biological Cyborgs” (Grant Number:
JPMJMS223A).
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Notes to Editor:
Paper titled: “Cyborg Insect Factory: Automatic Assembly for Insect-computer Hybrid

Robot via Vision-quided Robotic Arm Manipulation of Custom Bipolar Electrodes”,
published in Nature Communications, 28 Jul 2025.
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About Nanyang Technological University, Singapore

A research-intensive public university, Nanyang Technological University, Singapore
(NTU Singapore) has 35,000 undergraduate and postgraduate students in the
Business, Computing & Data Science, Engineering, Humanities, Arts, & Social
Sciences, Medicine, Science, and Graduate colleges.
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NTU is also home to world-renowned autonomous institutes — the National Institute of
Education, S Rajaratnam School of International Studies and Singapore Centre for
Environmental Life Sciences Engineering — and various leading research centres such
as the Earth Observatory of Singapore, Nanyang Environment & Water Research
Institute and Energy Research Institute @ NTU (ERI@N).

Under the NTU Smart Campus vision, the University harnesses the power of digital
technology and tech-enabled solutions to support better learning and living
experiences, the discovery of new knowledge, and the sustainability of resources.
Ranked amongst the world’s top universities, the University’s main campus is also
frequently listed among the world’s most beautiful. Known for its sustainability, NTU
has achieved 100% Green Mark Platinum certification for all its eligible building
projects. Apart from its main campus, NTU also has a medical campus in Novena,
Singapore’s healthcare district.

For more information, visit www.ntu.edu.sg

About the Japan Science and Technology Agency

Our world faces unprecedented global challenges — such as climate change, energy
crises, and emerging infectious diseases — that demand innovative solutions. JST will
rise to these challenges through “Science and Technology,” as a national research
and development agency that plays a central role in implementing Japan’s science,
technology, and innovation policy. We support fundamental research and startups to
create new value, develop R&D strategies, foster the next generation of talent,
disseminate vital information, and manage the Japan University Fund. Like a compass
guiding ships through turbulent waters, JST will chart the way towards a vibrant and
secure future by empowering science through a multifaceted approach.

For more information, visit www.jst.go.jp/EN/
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