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Abstract

In this work, we present a completely non-invasive system for counting bee and
pollen traffic in a beehive. This system is designed to be generalizable to various
beehives, rather than being restricted to certain background and entrance types.
In addition, we present a prototype cloud-based system that allows beekeepers to
upload video footage, automatically processes this, and returns gathered statistics
to the beekeepers. We examine the performance of our models, and compare it to
human performance, which we in many cases match or even outperform.

1 Introduction

Honey bees are an essential part of the Earth’s ecosystem. An estimated third of food pollination is
due to them, and they produce over a million tons of honey each year. Bee colonies can contain up
to 50’000 bees, and pollinate 4’000 square meters of fruit trees in the hive’s vicinity (BBC (2019),
Statista (2019)). The type of pollen that bees collect varies, and is dependent on the flora near the
hive. It is not only useful to understand how much pollen is collected, as this is an indicator of the
health of a hive and its population size, but knowing the type of pollen collected is helpful for those
with allergies. The Varroa mite, a small parasite that feeds off bee larvae and spreads by traveling on
a bee’s back, is a threat to a hive’s health, as it weakens and ultimately kills bees; see Figure 9 for
some examples of Varroa. Classically, to estimate the hive’s health and population, the beekeeper
needs to open up the hive to look inside it, which is stressful for the bees.

Recent advances in computer vision and artificial intelligence have opened new avenues for tackling
these issues. Several attempts at counting bees and detecting pollen have already been made, however
thus far most of these included modifications to the entrance of a hive, e.g., by reducing space or by
artificially constraining the lighting conditions, making it easier to detect bees. Our goal with this
work is to develop an approach for counting bees and pollen in a completely non-invasive manner.
We only require a video camera to be placed outside of the hive entrance. We want our results to be
of use to as many beekeepers as possible, hence a requirement was that our models and methods are
independent of the beehive. This brings additional challenges, as different hives will have different
types of entrances, and different backgrounds. We show that, given enough labeled data, the issue of
varying hive types can successfully be overcome.

Finally, in Section 4 we present a prototype implementation of a fully scalable architecture that
makes it easy for new beekeepers to add their hives to our system, meaning that they can upload their
gathered video footage to our system, which processes it and returns that gathered statistics to the
beekeeper.
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