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1 Introduction

1.1 Objective and Background

The well-known loss of pollinators around the world has been a concern for ecologists, agriculturalists,
farmers, and everyday citizens for several years now. While the exact reason for the infamous Colony
Collapse Disorder affecting honeybees is unknown, there is interest in boosting their populations so that
honeybees can be the thriving pollinators they were once. But what if we are focusing too squarely on the
honey bees? What if there is a more effective way to pollinate crops and native plants with a bee population
that is native to North America? That would be the mason bees, megachilidae osmia. Mason bees, solitary
bees that don’t live in hives, don’t make honey, and usually don’t sting, are a species of bee that can pollinate
an area almost 100 times more efficiently than the western honeybee [7]. They are a good species for even
amateur apiarists to keep near their homes to boost local native bee populations and participate in solving
global ecological issues.

1.2 Problem

There are some key hurdles to keeping mason bees. Mason bees live in “tunnels”; in nature, this means they
live in dark crevices found in trees, rocks, or in the ground, but kept bees live in tunnel homes. Please refer
to Figure 1 to see examples of these tunnel nests.

Additionally, female bees will populate these tunnels with eggs for next year, and seal tunnels when they
are done laying their eggs. Beekeepers must clean these tunnels, especially at the end of every season, and
harvest the bee cocoons for the next year. It can be challenging to know when to clean a tunnel, especially
if one is unable to tell if the tunnel is occupied by an alive adult bee. This difficulty arises from the fact that
these tunnels are long and dark, and so bee activity deep inside the tunnels is hard to gauge. [5]

1.3 Solution

Our solution adds sensors to a mason bee house so that beekeepers can be confident their bees are active
and healthy, and the house is clean. If they are alerted when unwanted visitors like parasites are entering
the bee home, they can be proactive about preventing their spread. Additionally, by alerting the beekeeper
when a tunnel is full of mason bee eggs, that tunnel can be removed and kept somewhere safe, away from
mold and parasites.

Implementation: At the core of our solution are capacitive sensors that non-intrusively detect bee behavior
in tunnels. These sensor readings will be interpreted to determine when bees are entering and exiting,
how much of the tunnels are being actively used, and when unwanted intrusions occur. This data will be
communicated so that beekeepers can view collected data at their leisure. A diagram illustrating the above
use case can be found in Figure 2 .
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Figure 1: Wood block with holes drilled in to make tunnels for mason bee nesting

Figure 2: Putting our mason bee house in context. Dotted lines represent connections to external systems.
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1.4 High Level Requirements List

1. Capacitor sensor setup shall differentiate between entering and exiting simulated bees (6mm ball) in
each tunnel.

2. Sensor setup shall differentiate between simulated bee and simulated parasite (3mm ball to approximate
the size of the Houdini fruit fly, a parasite that eats mason bee larvae).

3. An integrated SD card shall store data about how much of each tunnel is populated with simulated
eggs(tunnel temporarily filled with 6mm balls).

1.5 Demonstration Plan

Our current demo plan is to simulate the behavior of bees using metal balls that are similar in size to mason
bees. Previous research on bee sensors has used this testing method and shown it to be successful. To test
whether the sensors can detect the presence and direction of bees, we will roll a 6mm ball in and out of the
tunnel.

The balls we use to simulate bees in our demo will be made of the material that most closely resembles the
dielectric constant a mason bee could be measured at in the wild, and will take the place of a live bee in
our demo . A higher dielectric constant will lead to higher capacitance/ a higher change in capacitance.
Some research was conducted into finding the dielectric constant of the western honey bees. [8]. Mason bees
are roughly the same size as western honeybees and are of similar mass as well. So for our project, we will
estimate that a mason bee’s body will have a dielectric constant between 10.32[9] and 10.64 [8]. For our
demo, we will aim to have spheres that have a radius of 6mm. We require the spheres to be conductive, as
bees are made of mostly water, like humans.
To test whether the device can detect how much of a tunnel is filled with eggs, we will fill the tunnel to
varying degrees of fullness with 6mm balls (to simulate the cocoons) , and roll a ball up and down the length
of the tunnel (to simulate bee behavior in a partially filled tunnel). Our Analysis and Storage subsystem
should be able to tell how full a tunnel is based on this simulation.

To test whether the device can differentiate between parasites and bees entering and exiting, we will roll a
6mm ball in and out of the tunnel, and roll a 3mm ball in and out of the tunnel. The data recorded on the
SD card should reflect a bee for the 6mm ball and an unwanted intruder for the 3mm ball.

2 Design

2.1 Block Diagram
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Figure 3: Block diagram of Circuit Design. See Figure 4 for Capacitor Pair set up.
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