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Honey Bees

e Bees are modified wasps!

e All bees are descended from a wasp
species that took to feeding on pollen
instead of insect prey.

* Bees are found on every continent
except for Antarctica, in every habitat
on the planet that contains insect-
pollinated flowering plants.




Honey Bees

 Honey bees and bumble bees are social
insects, living in colonies.

e One female bee called the queen,
specializes in egg laying and others in
working, daughter workers.

e Workers gather pollen into the pollen
baskets on their back legs and carry it
back to the hive where it is used as
food for the developing brood.




Honey Bees

e Bees are the most important
pollinating animals (above flies, wasps,
beetles, butterflies, moths, bats,
rodents, birds, mongooses ...)

e Some plants with flowers can self-
pollinate, but most require pollen from
another plant of the same species to
set seed.
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Honey Bees

e Scholar shows more than 600,000
entries related to honey bees.

e More than 11,000 entries have been
recorded on honey bees in 2020
alone.

e To put in perspective, there are

around 100,000 on COVID 19 in 2020.
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Honey Bees

* The honeybee waggle dance is one of T "
the most complex forms of
communication in the animal |

kingdom.

= 1 km

 Upon finding a profitable food source,
the bee returns to its hive and
performs a waggle dance to convey its ,
location to her hivemates. X
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Honey Bees

e Finding waggle dances and
measuring their characteristics is
traditionally a manual process, very
intensive and error-prone.

* This work describe a methodology for
the automatic analysis of the waggle
dance of honeybees.

* The methodology analyses a video of
a beehive with 13,624 frames,
acquired at 25 frames/second.
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Methodology

* Traditional image processing:
e Conversion to grayscale,
* Low pass filtering, -

* Frame to frame background
subtraction,

e Thresholding,
e Detection of dances,
e Tracking,

e Clustering runs into complete
waggle dances.
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Methodology

* Traditional image processing:
e Conversion to grayscale,
* Low pass filtering,

* Frame to frame background
subtraction,

* Thresholding,
e Detection of dances,
* Tracking,

* Clustering runs into complete
waggle dances.

Record all disconnected contours
above a threshold (% the area of the
bounding box)

Contours in high density regions
assigned to the same cluster.
Contours in areas of sparse

activity are regarded as outliers.



Methodology

* Traditional image processing:

* Conversion to grayscale,
* Low pass filtering,

* Frame to frame background
subtraction,

* Thresholding,
e Detection of dances,
* Tracking,

* Clustering runs into complete
waggle dances.

False positive removal

Data points are evaluated by their
Euclidean distance to the previous
point and removed if the distance is
greater than the 90th percentile.
The emphasis is on removing false
positives, even at the expense of
true positives, which can be
regained in the tracking phase.
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Methodology

* Traditional image processing:

e Conversion to grayscale,
e Low pass filtering,

* Frame to frame background
subtraction,

e Thresholding,
e Detection of dances,
* Tracking,

e Clustering runs into complete
waggle dances.

A cluster is created through an
interpolation to estimate the bee's
position in unknown frames.

The tracker is verified against the
interpolation to prevent drift.

If the tracker drifts, it is reinitialized
using the estimated coordinates.



Methodology

Meaningful Waggle Detections and Cluster Centroids by DBSCAN

e Traditional image processing: . Mot Do
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* Thresholding,
e Detection of dances,
* Tracking,

 Clustering runs into complete
waggle dances.




Methodology -E

* Traditional image processing: "}
e Conversion to grayscale,
e Low pass filtering,

* Frame to frame background
subtraction,

e Thresholding,
e Detection of dances,
e Tracking,

* Clustering runs into complete
waggle dances.
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Results

e The algorithm detected 44,530 waggle events,

grouped into 511 run clusters. These were
concentrated in one section of the hive.

e Over 50 manually inspected ROls, the stage was
successful with 92.8% precision and 77.2% recall.
This suggests very few false positives were being

detected by the algorithm, but up to 22.8% of waggle
runs were missed.

e Tracking accuracy was measured against an overlap
coefficient. The accuracy of the tracking was 90%.

e Metrics of intra-dance variation in angle and
duration were found to be consistent with literature.

Duration 5.0.

Angle 5.0.
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Conclusions

e The algorithm was successful in
extracting metrics that are normally
obtained manually. Its simplicity allows
for easy adaption if necessary.

e Whilst this algorithm was tested on a
single video, the ideas and steps, which
are simple as compared with Machine
and Deep Learning techniques, should be
attractive for researchers in this field
who are not specialists in more complex
techniques.
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