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= Bee colony parameters
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= 10 years as a student at Latvia University of Life Sciences and Technologies
= Associated prof., senior researcher at the Faculty of Information Technologies
= Director of the Computer Control and Computer Science study program (bachelor level)

= Project manager of International Scientific projects:

APIC
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PigSys OSAMS Services

* Precision Agriculture:

Application of Information”
Technologicsk Precision Apiculture
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Digital Global Biogas Cooperation
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Beekeeping in Latvia

Number of beekeepers: approx. 5 000

Main association — Latvian Beekeeping Association (LBB)

Number of association members: 3 200
Number of hives: approx. 98 000
Amount of collected honey: approx. 2 400 tons/year

Beekeeping season: April - September

Number of colonies per beekeeper
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Age of beekeepers

= 19-29 years
= 30-39 years
n 40-49 years

50-59 vears
m 50-69 years

B = 7 years

=1..10

=11..30

= 31..50
51...100 ava®

= 101...820 ,
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https://www.thoughtco.com/how-honey-bees-keep-warm-winter-1968101
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= Precision agriculture is a management
strategy that utilizes information

technologies to collect useful data from [ = 7" < - 5 e & =
distinct sources, with the aim of e f A ol AR r- ¢

Su pportl ng the deC|S|0nS aSSOC|ated to https://vaw.indiap.igeon.com/latest/pr.ecision-agri.cuIture-couId-boost-in.dias-food-
. production-capacity-encourage-sustainable-farming-technology-news-firstpost/
the production of crops.

= Main idea of the PA:

 Instead of managing a whole land based on a o
hypothetical average condition, which may *
not exist anywhere in the field, a PA ik
Implementation uses a wide variety of
technologies that collect site-specific data
and applies site-specific management
practice.

https://www.foodandfarmingtechnology.com/news/livestock-monitoring/precision-livestock-
farming-project-to-focus-on-sheep-welfare-management.html
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Precision Crop Precision
Farming Livestock Farming
4( Cows >
Precision Precision
Horticulture Farming
4( Pigs )
Precision)

Orcharding Precision)
Apiculture

Precision
Gardening

_-‘

et
NS N N
~ o

C

28/04/2022, online




Latvia University

of Life Sciences Precision Apiculture (Precision Beekeeping)

and Technologies

_i

—_—
NS N N
< o s

C

= The main agricultural object is bee colony

= Precision Apiculture or Precision Beekeeping is an apiary management strategy based on the
continuous, real-time remote monitoring of individual bee colonies to minimize resource
consumption and maximize the productivity of bees.

 https://en.wikipedia.org/wiki/Precision_beekeeping

« Zacepins A., Brusbardis V, Meitalovs J. and Stalidzans E. (2015) "Challenges in the development of
Precision Beekeeping®, Biosystems Engineering. 130: 60-71.
doi:10.1016/j.biosystemseng.2014.12.001

= Maintaining healthy bee colonies is a challenge:
» Winter loses (mainly for North countries)
 Manual inspections

« «Even if you inspect your hive for 30 minutes every two weeks, it remains a mystery what is
happening in there the other 99.7% of the time» [Lorenzo Lorraine Langstroth]
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Data collection
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3 stage cycle in Precision Beekeeping
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= Bee colony parameters: = Potential bee colony states @
« Temperature * Death
« Humidity * Pre-swarming
e Sound ¢ Swarming

Weight changes « Brood rearing
Activity at the hive entrance « Broodless state

CO, concentration » Passive state
* Quenless state
« Starvation
« Active foraging &:
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= In a traditional approach, to evaluate the status of the bee colony, beekeepers have to make
frequent visual observation of the bee colony, by opening the hive:

* Intrusive actions

« Time consuming

» Stress of the colony

« Travelling time to the apiary

= Benefits of the remote monitoring are:
» Decrease of management costs
* Minimisation of on-site inspections
» Less disturbance to bees
» Decrease the burden of death rate
 Increase of bee colony production

28/04/2022, online 11
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= Small sensors (iButtons)
= Wired sensor networks
= Wireless sensors

= Infrared imaging
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3 /Rcmotc scrver \
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DB server )
R— [P address o
. /:’,' 2 < . "_‘jzﬁ y
&K & &,/' ~ : WEB https://www.researchgate.net/publication/49782273 Long-
interface wave_infrared_imaging_for_non-
QE Main unit \ & invasive_beehive_population_assessment/figures?lo=1
o "& )
| End user
Measurement node
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Temperature: Brood rearing
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https://phillybeekeepers.org/its-a-swarm-who-do-you-call-a-
beekeeper-of-course/
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= The occurrence of nectar flow during the foraging season (start and end of nectar flow) or daily
gain in nectar stores

= Consumption of food during non-foraging periods
= The occurrence of swarming events through a decrease in the hive weight

l . Useof stock ' "\_  Robbery
l \/  Collecting food, day pattern ‘ L Swarm

l / Nectar flow l _— Inactive

https://beep.nl/measurement-system-2/data-interpretation/weight
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Developed system during the ITAPIC project
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= Honey bees make sounds with their wings, thoracic muscles or breathing spiracles
= The most widely known/studied sound is a Queen piping

= The «Hum» of the hive: everyday hive sound as bees perform their daily tasks:
« Worker bees thermoregulating the colony
* Queen is present, laying eggs
* Nurse bees feeding the young and the queen
« Bees drawing honey comb, fanning and flying

28/04/2022, online 20
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www.bienenwaage.de
1310 EUR

https://www.wolf-waagen.de

900 EUR
COMING SOON!
http://www.arnia.co.uk/hive-scales/
https://pollenity.com/product/beebot/ 380 EUR
315 EUR
28/04/2022, online 21


https://www.wolf-waagen.de/
http://www.bienenwaage.de/
http://www.arnia.co.uk/hive-scales/
https://pollenity.com/product/beebot/

G

n Latvia University ] S mar t
&j\ of Life Sciences SAMS pI‘OjeCt . @ Ap |CU | ture
and Technologies
& : Management

SAMS Services

= SAMS - International Partnership on Innovation in Smart Apiculture Management Services

=  SAMS supports International Partnership Building in low and middle income countries in
ASEAN and sub-Saharan Africa

= SAMS as an ICT solution:
« allows active monitoring and managing of bee colonies
« ensures bee health and bee productivity
 gives answers to the requirements of beekeeping in developing countries
* |s available as an open source technology
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® mm HX711 AID
it s converter
BOSCHE H30A single point

load cell

‘ | | E ESP8266 DS18B20

DHT22, _ temperature sensor(-s)
temperature/humidity sensor
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ESP8266 microchip
*  WIiFi microcontroller for IoT applications

«  Power-saving architecture: active, sleep, deep sleep

modes
& 2
ESP8266 Infrastruciure ESP&266 Infrastructure E —
4 ™, ™
] h AN Radio . tadio
Peripherals ) Peripherals
Fa J . W
ESP8266 Core & Real-time L]UL]'( ESPHZGEG Core & ‘ RTC ‘
' VAN Mﬁmﬂr'}" SN " Memor \ B
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SAMS | Services
SAMS DWH

Log In Sign Up

G sign in with Google

or

User interface of the system

< My workspace

MAIN
Dashboard
Nodes
Devices
Maodels
Reports

Workspaces

= a test@example.com

CALCULATORS

[P

Don't remember your password?

LOG IN >

Battery life
Swarm economy

Monitoring system evaluation
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B ic Hive 3

Q@ Witzenhausen, In der Aue

i 18.44°C &8 29.66kg

I ic_Hive 3 outside
B 2230°C = 49.15%

v Show inactive sensors

‘ I+ Reports H [# Edit ‘

= Reload updated a minute ago
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DSS Rules
= DSS in general is any system
. . Differential Individual
which helps someone with any T nes s
aspect of making a decision |
(Bruen, 2006). H memse T
= Decision is a choice between |
options, where do nothing is also S A g g
InCIUded- — Broodless state
L. Lack of food —t— Queenless state
= Decision support system (DSS)
Is a PC based system, which is ... 1 e
used for automatic data analysis
with main aim to recognize the — B e
=2 mong di crent L cnufication o ~
Status Of the bee COIOny_ apiarics | abnnormal apiary
28/04/2022, online 26
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iImplementation

Economic evaluation of remote monitoring systems

Basic incoma

Humber of cclonizs (=1 M
Haey ponined e e e (ol 20
Honzy price (EUR g 4.5
Income [EUR) 225000
Expensas

Inspection evperses

Fezsursmenl syzhams

Coats duw 1o bes colany duath

Costs due 1o swamming

Tols! sxpanses [ELIR) T

Frofit {(EL'R} 100 00R
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Economic evaluation of remote monitoring systems

Production per hive

Basic income

Number of inspections

EXPinspe(ticms
Number of dead colonies
EXPgead

Number of swarmings

EX Pswarming

EXPiotal

Profit

System installation costs

Profit calculation

Without IT system

25.00

2,250.00

458.24

560.00

2

212.50

1,230.74

1,019.26

All hives with measuring system
31.25
281250
Expenses
7

267.31

458.19
0
0.00
725.49
Profit and system installation costs
2,087.01

5,780.00

One hive with system
28.75

2,587.50

458.24

560.00
2
212.50

1,230.74

1,356.76

289.00

Apiary with custom config

30.00

2,700.00

267.31

458.19

0.00

725.49

1,974.51

500.00
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Bee colony monitoring system's battery life
calculator

This calculator allows to estimate battery life depending on different monitoring system'’s
operation states.

Battery with selected parameters will last for about 129.268 hours or 5.386 days.

This is an estimate and may vary n real life depending on several factors (e.g., temperature).
Battery information
Capacity = 1900 mAh Discharge capacity = 80 %
Calculation for battery capacity 1520mAh
System operation states
Measure 1.2 s @ 25 mA =
WiFi power-up 14 s % 47 mA =
WiFi connection 23 s = 69 mA =
Data sending 1.8 5 % 79 mA %
Going into sleep 14 s 0+ 36 mA =
Deep sleep 30 s 30 LA =

Reload default

28/04/2022, online

Swarm economy
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= Futuristic Beehives for a Smart Metropolis
« Horizon 2020 grant No. 824069

= The problem:
« Ecosystem collapse

= Qur approach is to use technology:
« Organismic augmentation
« Ecosystem hacking
 Bio-hybrid socialization

*@' Freie Universitat (fL ot

1| Berlin

......

‘j'a EPFL ULB t':;':EERSITI::

DE BRUXELLES
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= Provide support for the beekeepers
« finding and selecting good apiary locations;
« modelling available honey resources on the fields.

= In the future
* integrated into a system of futuristic hives;
« find the best foraging location.

= From beekeepers perspective:

« Where should | place my hives?

« How many hives should | place?

28/04/2022, online
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= Flying radius of bees o
« 3km &
= Size of the remote apiary L4 , e
* min 15 hives Rl
* max 70 hives G
= Honeybees foraging efficiency Rl ' 3
« k=0.35 |
* bees harvest ~35% of available nectar
= Nectar to honey production rate | '
* h=04 «
» for 2 kg of honey production bees need to forage 5 kg of nectar

= Amount of honey needed for hive itself
* 90 kg / hive / year

= Average amount of honey production
* 60 kg / hive / year

28/04/2022, online 31
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Step 1: Define polygons of agricultural fields

Example of terrain map used for

model evaluation Example of defined polygons

Step 2: Semantically annotated map of polygons

Generated digitized map of
marked fields and regions Digital map combined with the real map

28/04/2022, online 32
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Step 3: Define field productivity ,
(@
. o X )
 Field productivity index Q | b
o the amount of resources available 4
for bee forage
o 5 distinct values used for
demonstration Potential field resources covered Heat map of resource availability
by colony foraging area in each possible point

« Information about specific plants and
crops

o index describing pollen and/or
nectar production

o randomly selected for
demonstration purposes

o (future) integration with external =
databases / flowering calendars Field resources (color encoded)

Step 5: Iteratively find place with
maximum resources

Demonstration of optimal
apiary locations
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Week 1 - Flowering fields (H=0)
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= Actual thing for the Latvian beekeepers is to prevent remotely located hives from the theft and
animal demolition, that’s why video monitoring of the apiary and hive GPS systems are important.

= One more direction of PB development can be sharing of information about apiaries between
various beekeepers and developing a beekeeping map with main aim to prevent the spread of
possible illnesses.

= Some requirements for the bee colony monitoring:
* Reduce risks of loosing bee colonies

* Reduce hive theft risks

* Minimize capacity risks during harvests
* Avoid unnecessary activities

* Help on bee product quality

28/04/2022, online 35
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Any questions?
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Thank you for attention!
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