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Abstract

Nano quadcopters are small, agile, and cost-effective Internet of Things platforms, espe-
cially appropriate for narrow and cluttered environments. We developed a model-free
control policy combined with FlowDep, an efficient optical flow depth estimation algorithm
that computes object depth information using vision. FlowDep was successfully deployed
on the Bitcraze Crazyflie 2.1 (with weight ~34 g) using its monocular camera for obstacle
avoidance. FlowDep calculated depth information from images and use multizone scheme
for control policy. Successful obstacle avoidance is demonstrated. The developed policy
showed its potential for future applications in complex environment exploration to enhance
the autonomous flight and perception abilities of drones.

Keywords: depth estimation; obstacle avoidance; optical flow; micro aerial vehicle;
nano quadcopters

1. Introduction

Safe and reliable navigation of autonomous aerial systems in narrow, cluttered, global
positioning system (GPS)-denied, and unknown environments is one of the main open
challenges in robotics. Because of their small size and agility, micro air vehicles (MAVs)
are optimal for this task [1,2]. Nano quadcopters are a variant of MAVs, characterized
by minimal weight (typically below the range of ~100 g) and size (typically with rotor to
rotor distance of 10 cm). Despite their small size, these nano quadcopters show impressive
performance on exploration [3] and gas source seeking [4]. The traditional approach of
passive depth estimation is based on stereo vision, which requires two precisely calibrated
cameras, and the depth information is calculated based on disparity. However, this method
requires higher costs (two cameras) and a physical distance between the two cameras.
On a nano quadcopter, the rotor-to-rotor distance is at most on the order of ~10 cm and
hence offers a maximal distance range of estimation to a few meters for stereo vision. We
turn our attention to the optical flow, one of the most important monocular visual cues
for navigation. MAVs are used for high payload capacity [5,6] and nano quadcopter [7].
De Croon’s group developed NanoFlowNet based on real-time dense optical flow on a

Eng. Proc. 2025, 108, 30

https://doi.org/10.3390/engproc2025108030


https://doi.org/10.3390/engproc2025108030
https://doi.org/10.3390/engproc2025108030
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/engproc
https://www.mdpi.com
https://doi.org/10.3390/engproc2025108030
https://www.mdpi.com/article/10.3390/engproc2025108030?type=check_update&version=1

Eng. Proc. 2025, 108, 30

20f4

nano quadcopter using a lightweight convolution neural network [7]. Motivated by the
low-resolution but efficient motion-detection mechanisms in insects, we developed an
efficient depth estimation algorithm, Flow Dep [8,9]. The capability of the FlowDep was
validated by deploying it on a Bitcraze Crazyflie, a 30 g nano quadcopter for obstacle
avoidance with a single monocular camera.

2. Materials and Methods
2.1. Nano Quadcopter Platform, Test Environment Construction

We deployed the developed FlowDep algorithm on a Crazyflie 2.x equipped with the
Al deck and the Flow deck for vision-based obstacle avoidance (Figure 1). The high-level
flight control command was computed in the laptop with the control strategy and sent
back to the nano quadcopter. The image, inertial measurement unit, and position data
in the FlowDep algorithm were used for depth estimation [8,9]. Specifically, the optical
flow was estimated based on a dense inverse search algorithm [10]. We constructed the
indoor environment for an obstacle avoidance experiment. A cluttered environment was
constructed with obstacles, including textured poles placed inside.

Figure 1. Nano quadcopter platform featuring a flow deck on the bottom of the Crazyflie and Al deck.

2.2. Control Policy

The control strategy was the refinement of the four-zone control reported in the
literature [11,12]. We defined six zones: a ceiling and ground zone for MAVs not to fly too
close, a danger and caution zone in the center of the field of view, and left and right zones.

A decision tree is used to generate flight commands.

3. Results and Discussion

Successful obstacle avoidance was demonstrated in two dimensional test environment
(Figure 2). The flight trajectory is colored to show the time. For all tests, the nano quadcopter
maintained an altitude of 25 cm and a forward velocity of 0.18 m/s. The developed control policy
based on a decision tree offers the following advantages. It imposes minimal computational load
when implemented on a microcontroller system, as the algorithm relies on a small set of rules
derived from distance measurements. The developed policy can be applied to indoor narrow-
space inspection and surveying, as users can monitor real-time video streams as the nano
quadcopter operates autonomously. The policy also helps extend dynamic obstacle avoidance
and integrates with object recognition to support multi-modal operations.
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Figure 2. Flight trajectory in two dimensional testing environment.
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