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Abstract— In this work we present a bioinspired visual system
sensor to estimate angular rates in unmanned aerial vehicles
(UAV) using Neural Networks. We have conceived a hardware
setup to emulate Drosophila’s ocellar system, three simple eyes
related to stabilization. This device is composed of three low
resolution cameras with a similar spatial configuration as the
ocelli. There have been previous approaches based on this
ocellar system, most of them considering assumptions such as
known light source direction or a punctual light source. In
contrast, here we present a learning approach using Artificial
Neural Networks in order to recover the system’s angular
rates indoors and outdoors without previous knowledge. A
classical computer vision based method is also derived to be
used as a benchmark for the learning approach. The method
is validated with a large dataset of images (more than half a
million samples) including synthetic and real data. The source
code of the algorithms and the datasets used in this paper have
been released in an open repository.

I. INTRODUCTION
The potential of Micro-Aerial Vehicles (MAVs, aerial
vehicles between 0.1 and 0.5 meters and 0.1-0.5 kg. in mass)
has been shown by different research results in the last years
[1], [2], and even new commercial systems, like for instance
the Skydio system1 .
Given the limited payload of such vehicles, vision systems
are a preferred solution for micro-UAV perception, as cameras are low-power passive sensors and can be made small.
Vision-based procedures have been proposed for odometry
[3], [4], [5], localization [6], [7], [8], mapping [9] and navigation [10]. All these vision systems are typically founded on
feature-based methods and are computationally demanding,
requiring large onboard processing power, though.
On the other hand, it is very impressive the maneuverability that flying insects like flies can achieve with their very
small payloads. This ability of flying insects is the reason
why several authors have studied bio-inspired solutions for
the development of new sensors and/or actuators for micro
aerial vehicles, like [11], [12], [13]. However, most of these
works have been devoted to the development of artificial
compound-like eyes. The ocelli system found on the forehead
of most insects is also an interesting biological inspiration
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Fig. 1. The Drosophila ocelli system. A. Scanning electron microscope
(SEM) micrograph of an adult Drosophila head. The three ocelli are located
on the dorsal head (triangle). The lateral compound eyes are pseudo-colored
(red). B: Higher magnification SEM of the dorsal head showing the ocellar
lenses. Each ocellus (one anterior and two or lateral) surveys a different
region of the space. C. Crossection through a lateral ocellus.

for vision systems. The ocelli are small, structurally simple
camera type eyes (see Fig. 1). Their large lens makes them
extremely sensitive light sensors while, by focusing beyond
the retina, blur the image. They are capable of very quick
visual processing to trigger swift stabilization reflexes [14],
[15]. And several approaches inspired on the ocellar system
have been also proposed in the literature.
In [16], the authors present a device based on the ocellar system using 8 photodiode pairs. The outputs of the
photodiodes are used to obtain a reference signal for the
stabilization. In [17], the ocellar sensors are modeled as
sensors providing an estimation of time derivatives of scalar
luminance values. Then, they derive a linear relation between
the ocelli inputs and robot states. They conclude that there is
a relation between the ocellar input and roll and pitch angular
rates, as well as heave rate. This is then used to develop an
analog angular rate sensor based on photodiodes. A similar
sensing approach is followed in [18], where an ocelli-inspired
flight stabilization system has been implemented on a beesized flying robot. The addition of a torque controller based
on a proportional feedback to the estimated angular velocity
has sufficed to stabilize the upright orientation of the system.
The previous ocelli-inspired approaches disregard the spatial information of the ocelli simple eyes, and in some cases
some assumptions are needed with respect to the light source
direction [18]. On the contrary, in [19], linear receptive fields
are optimized from data to obtain the relation between the
sensorial input of simulated insect-like eyes and attitude
angles. We have shown in our previous work [20] that
Deep Neural Networks (DNNs), which have been used for
applications of robot estimation control [21], [22], can be
effective on estimating angular rates from low-resolution
visual inputs in a camera system emulating the ocelli.
The paper contributes by presenting a method for the

