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Designing drones that can fly in air ducts

New research published in npj Robotics addresses the challenge of flying small
quadrotors in air ducts as small as 35 cm (14 inches). This research, led by a team of
researchers from Inria, CNRS, Université de Lorraine, and Aix-Marseille Université, opens
a new way of accessing and inspecting highly-confined environments.

1. Air ducts: a contemporary issue for safety inspection

Air ducts are everywhere in modern buildings and underground networks, but are challenging to access
for inspection. Their narrow dimensions and inability to support human weight prevent essential
interventions to maintain air quality, heating, and air conditioning.

Small quadrotor drones offer a potential solution for exploring these air ducts because they can navigate
both horizontal and vertical sections. However, they create airflows that recirculate inside the duct and
destabilize the drone, creating important turbulences in an environment that has little space for error.

2. Mapping the aerodynamic forces in a circular air duct

The team first investigated how the air circulates depending on the position of the drone in the air duct.
To do so, they used a robotic arm and a force/torque sensor to measure the forces at hundreds of
positions. This first “map” of forces shows a complex aerodynamic pattern and makes it possible to
identify the “unsafe” parts of circular ducts, where the air recirculations push the drone towards the walls,
and a safer position, where the recirculation forces cancel out.

3. Flying and hovering small quadrotors in small air ducts

To maintain its position at the recommended point, the drone needs to know its current position in an
environment which is typically dark and without any visual cues. The team combined small lasers and
artificial intelligence (a neural network trained on motion capture data) to allow the small drone to stay
in the position with the smallest turbulences, hence flying in a safer and more stable way.

4. A step toward many applications

The results of this research open new and promising application domains for drones in industrial
inspection and public safety. The next step is to develop a more application-oriented prototype with
useful payloads, like cameras, thermal cameras, or gas sensors.

5. A large-scale collaborative project

This study was led by Inria Senior Researcher Jean-Baptiste Mouret and PhD student Thomas Martin, both
from the project-team HUCEBOT, a joint venture between CNRS, Inria and Université de Lorraine, within
the Centre Inria at the University of Lorraine and the Lorraine Research Laboratory in Computer Science
and its Applications (CNRS/University of Lorraine). It is a collaboration with the Institut des sciences du
Mouvement - Etienne-Jules Marey (Aix-Marseille Université/CNRS) and the Laboratoire de Conception,
Fabrication, Commande (Université de Lorraine). This work reflects the strength of the partnerships
between the French institutions that are Aix-Marseille Université, CNRS, Université de Lorraine, and Inria.
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7. Media (videos, photos)
Video: https://www.youtube.com/watch?v=7je2hUnGwms

Photos:

Figure 4 Credit: G. Destombes © Inria

Figure 3 Credit: Jean-Baptiste Mouret
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Inria Scientific Expert: Jean-Baptiste Mouret, jean-baptiste.mouret@inria.fr
Inria National Communication Department: Magalie Quet, magalie.quet@inria.fr
Inria Local Communication Department: Véronique Poirel, veronique.poirel@inria.fr

About Inria: Inria is France's national institute for research in digital science and technology, and since January 2024 has been
responsible for the Agence de programmes dans le numérique (Digital Programs Agency), which aims to strengthen the collective
dynamics of higher education and research. Its DNA is based on world-class research, technological innovation and entrepreneurial
risk. Within 220 project teams, most of which are shared with major research universities, more than 3,800 scientists are exploring
new avenues, often in interdisciplinary collaboration with industrial partners, to meet ambitious challenges. As a technology
institute, Inria supports a wide range of innovation paths: from open source software publishing to the creation of technology

startups (Deeptech). Inria has been awarded the Institut Carnot label, confirming its commitment to forging closer links between
research and industry.
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