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This project enables apiarists and growers to 
track honey bee pollination within a polytunnel by 
establishing an array of digital monitoring points. 
This technology facilitates a move away from 
semi-protected cropping environments that are 
hostile and poorly designed from the perspective 
of foraging insects, towards the creation of spaces 
that meet the environmental needs of honey bees 
required for pollination.

To date, the movement of bees within cropping 
environments has largely been left unmonitored – as 
long as the crop yield is acceptable, little thought is 
given to the impact the cropping environment has on 
bees’ foraging capabilities. Environments may be too 
hot, too sparse or too navigationally challenging. This 
may result in stressed insects and poor pollination. 

The first step in reducing these issues is acquisition 
of detailed, accurate data. By using multi-point 
monitoring technology, apiarists and growers can 
assess how effectively bees move and pollinate 
crops within industrial settings.

Background

To maintain honey bee health and improve crop 
pollination, a move away from semi-protected 
environments that are hostile and poorly designed 
from the perspective of foraging insects, towards 
the creation of spaces that meet the needs of  
bees is required.

To date, the movement of bees within crops has 
largely been left unmonitored – as long as the 
crop yield is acceptable, little thought is given to 
the impact the environment has on bees’ foraging 
capabilities. Environments may be too hot, too 
sparse or too navigationally challenging. This may 
result in stressed insects and poor pollination. 

The first step in reducing these issues is 
acquisition of detailed, accurate data. By using 
multi-point monitoring technology, apiarists and 
producers can assess how effectively bees move 
and pollinate crops within industrial settings. 
Traditional monitoring techniques are labour 
intensive and provide only superficial data on 

insect flower visitation patterns. This new approach 
creates high-resolution spatiotemporal data on 
individual insects.

Through the data, users can assess how effectively 
bees move within the industrial setting to answer 
questions such as:

• Hive numbers and effectiveness: How strong 
is the foraging in specific polytunnel regions? 
Are more bees required in a region for good 
pollination? How long do bees spend on 
flowers? How successfully do bees navigate?

• The suitability of bees for particular crops 
in particular regions and climates: Are bees 
visiting the crops? Or do they prefer nearby 
unmanaged weeds and wildflowers?

• Bee activity levels: Do bees behave like 
healthy foragers? Or are they sluggish, 
confused, disoriented or heat stressed?

The Industry Development Grant provided for this 
project funded equipment to construct the first 
prototype six-point polytunnel honey bee sensing 
array, by extending an existing single-point monitoring 
system. The devices were constructed from off-
the-shelf components and based on a Raspberry Pi 
single-board computer with Raspberry Pi camera 
extension boards and portable power supplies.

The system enables farm and climate-specific 
data to be collected, allowing apiarists to suggest 
tailored solutions to pollination problems faced 

on particular sites that ensure the health and 
wellbeing of honey bees. This understanding is 
gained by analysis of data on honey bee movement 
and behaviour within cropping environments. 

The project goal is to provide tools to better inform 
location and crop-specific practices. The current 
case studies used in the project are semi-protected 
berry crops. However, the technology can be applied 
to a variety of crops and cropping circumstances. 

The prototype monitoring system



The array was trialled/operated in situ at Sunny 
Ridge berry farm at Boneo, Victoria during 
the 2020-2021 berry season. It was used to 
simultaneously monitor honey bee (and other 
insect) activity over six days at peak pollination 
time, for five hours per day at nine locations within 
a large polytunnel (Figure 1). Originally, six-point 
monitoring was proposed, but the project team 
was able to extend the system to nine points to get 
better crop coverage (Figure 2).

Data was collected at the edges of the polytunnel 
and within its centre. Analysis was conducted to 
identify the following traits of insect movement in 
the polytunnel throughout a day and at different 
locations within the tunnel:

• Honey bee and other common insect species 
abundance

• Flower visitation patterns (inter-flower 
movement)

• Flower visitation times (time spent on each 
flower by individual insects/species)

• Flower visit count (number of individual flower 
visits by specific insects/species)

• Honey bee foraging movements (speeds, 
tendencies to follow rows, tendencies to 
change direction)

The trial

The trial confirmed the portable, independently 
powered units of the multi-point system could 
capture video data at each location within a 
polytunnel.

Offline analysis of the captured video using AI/
deep learning and image processing techniques 
determined that the system could track multiple 
honey bees simultaneously within a site sequence 
(instead of sequentially as was the case previously). 
This finding is important as it confirms the large 
amount of data collected can be processed in a 
practical amount of time.

As part of the project work, the team implemented 
automated AI-based flower recognition for 
strawberry crops as a test case (this was previously 

conducted as a manual process). Additionally, 
the AI-based insect recognition was trained to 
recognise a small number of common insects 
(wasps, butterflies/moths and hoverflies) found on 
the strawberry crop in addition to honey bees.

The system now derives statistics on honey bee 
flower visitation, insect movement, insect decision 
making and flower pollination.

Further work is required to better handle 
preliminary AI-based detection ‘at the edge’ by 
processing directly on the single-board computers, 
and to automate the upload of the semi-processed 
data to cloud services for complete processing. 

Outcomes/key findings

The multi-point monitoring system is low-cost, 
high-performance and suited to widescale 
applications for crops where insect pollination 
is required indoors. This is a first step in 
digitally monitoring the impact of hostile 
cropping environments on bee behaviour. Using 
this approach, apiarists can make specific 
recommendations for new horticultural spaces 
that place bees’ requirements front and centre 
alongside the requirements of plants and growers, 
and provide data to support the recommendations. 

The system eliminates the guesswork of pollination 
management under different growing scenarios, for 
different crops, and for different climates. The tools 
have the potential to enhance understanding of the 
natural tendencies and preferences of honey bees, 

which in turn could improve pollination outcomes 
by several percentage points and deliver better 
crop yield and quality.

Since the initial trial with Sunny Ridge, Costa Group 
(berry division), Berries Australia and the Australian 
Blueberry Growers’ Association (ABGA) have shown 
interest in furthering the approach beyond a trial. 
Costa Group and ABGA have committed funds and 
in-kind support for a project currently seeking 
funding through the Australian Research Council 
(ARC) Linkage Projects scheme. The aim of that 
work is to improve pollination of blueberry crops 
by honey bees. The project team includes the lead 
investigator on this project and representatives 
from three universities and CSIRO. 

Implications for industry

Figure 1.  One element of the multi-point monitor-
ing system capturing honey bee and insect activity 
in a polytunnel. Photo: Malika Ratnayake

Figure 2.  Nine monitoring points were established as part of the trial. Photo: Malika Ratnayake
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