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e To Ailadiktuo Twv lMNpayudtwy (loT) ava@EpeTal 0To OIKTUO
QUOIKWYV AVTIKEILEVWYV - "TTPAYHATWV" - TTOU Eival
EVOWUATWUEVA PE AIOONTAPES, AOYIOUIKO, KOl AAAEC
TEXVOAOYIEC UE OKOTTO TN OUAAOYI Kal avTaAAayr) OedopEVWV
UE AAAEC OUOKEUEC KOl oUOTAUATA pECW TOU AladIKTUOU.

e AuUTA N TEXVOAOYIQ £XEI ONUAVTIKI) ONUACia OTOV OUYXPOVO
KOOWO, KABWC EMTPETTEI pia BaButepn OAOKANpwaoN TNG
0100 UVOEONG TOU YNPIAKOU KAl PUCIKOU KOOHOU.

o [lapeExel TepAaTIa OUVAUIKA OPEAN OE DIAPOPOUC TOEIC,
OTTWG N TTEPIBAAAOVTIKI TTPOCTATIQ.
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loT & NMpoomtaBeLeg ALatripnong

NMNapakoAouBnon Aypiag Zwng: Xprjon Tou loT oTNV
TTapOKoAOUBONOoN Kal TTPOCTACIA ATTEINOUUEVWYV EIOWV.

Alayeipion Aaocwyv & OIkoouoTNUATWYV: EQapuoyéc loT
oTNV TTapakoAouBnon ocuvenkwy daocwyV Kal TTPpOANWN uNn
oupBatwy, avlpwTtroyevwy N AAAwWY, TTapePPACEWY Kal
OPACTNPIOTATWY & PUCIKWYV KATAOTPOPWV.


#

loT kKat Avaxeipion Mopwv

‘ESutrvn Newpyia: Xprion loT yia a1rodoTIKN Xprion vepou Kai
TTapoKoAOUBNOoN KAAAIEPYEIWV.

Alayeipion EVEpyYEIQG: loT ot £EuTTva dikTua YIa TNV
£COIKOVOUNON EVEPYEIQG.


#

loT otn Melwon tng Puttavong

NMNapakoAouBnon Moiotntag Aépa: AiIcBnTrpeC loT yia
TNV TTAPAKOAOUONGCN TWV ETTITTEOWYV ATULOCPAIPIKNG
puTtTavonc.

Alayxeipion AtTroppippdTtwy: ‘Ecutrvol Kadol Kal
OUCTAMOTA AVOKUKAWGONG pe Baon 1o loT.
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AnAadr) oTNV LKAVOTNTA TWV GUCTNHATWY VA LKAVOTIOLOUV TLG
CAVAYKEG TWV CNMEPLVWYV YEVEWV XWPLG va StakuBevovtal oL
SUVATOTNTEG TWV HEAAOVTLKWY YEVEWV VA LKAVOTIOLCOUV TLG
SLKEG TOUG AVAYKEG,.
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OAOUG TOUG CUMMETEXOVTEG, AVEEAPTNTA ATIO TNV KOLVWVLKNA
TOUG B0, TO YPUAO, TNV EBVLKOTNTA, K.ATL.
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AAANAETILOPACEWV:

KOLVWVLKEC Kal TEOALTLOTLKEG OXECELG.

AAANAETILOPAGELG HETAEL AVOPWTIWYV KoL pnxavcbv: AUTEG oL

AAANAETILOPAGELG APOPOUV TH XPNON TWV TEXVOAOYLWV KaL TLG
ETILTITWOELG TOUG OTNV KOLVWVid.







MAOUPAALOTLKI TTPOCEYYLON

Na va oxedidooupe Biwoipa AIadPaACTIKA ZUCTANATA, TTPETTEI VO AKOAOUBROOUNE pIa
TTAOUPAAICTIKN TTPOCEYYIOT TTOU Ba AGBEI UTTOWN OAEG TIG TTIOAVEG ETTITITWOEIG TWV
oXed10{OpEVWYV S100pACEWV KAl oUCTNUATWYV. H TTpooéyyion auTth Ba Trpétrel va TrepIAAuBAVEI

Ta £§NG BAnATA:

AvatrTuén piag Eekadapng avtiAnyng yia tn Biwoiun avarrtuén: MNoieg gival ol apxég TG
BIWOoIUNG AVATTTUENG KAI TTWG LTTOPOUV VA EQAPUOCTOUV OTNV OXEdIaon AIadpacTIKWV
2UCTNUATWYV;

AvaAuon TwV TTIOAVWYV ETTITTTWOEWYV TWV OXESIAlOuEVWYV d1adpacewvV: [Molgg givai ol
OETIKEG KAl APVNTIKEG ETTITITWOEIG TWV O100pACEWV O€ TTEPIBAAAOVTIKO, KOIVWVIKO Kal
OIKOVOMIKO £TTITTEDO0;

EmiAoyn Biwoipwyv TpakTiIKwV: MNMola gival Ta BIWCIHA HETPA TTOU LTTOPOUV VA Angoouv
YIO TH HEIWON TWV APVNTIKWYV ETTITITWOELWYV TWV O100pACEWYV;
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YmtootnpLEn BLwolpwyv ALadpacewv

2TnVv EAAGSQ, o1 Biwoipeg S1ad0pACEIG LTTOPOUV VA UTTOOTNPIXBOUV e SIAPOpPOoUG
TPOTTOUG, OTTWG:

EKTTaidguon Kal euaiocOnTotroinon Tou Koivou: Eival onuavrtiko va
EVNUEPWOEI TO KOIVO YIA TIG APXES TNGS BIWCIUNG AVATITUSNG KAl VIO
TOUG TPOTTOUG UE TOUG OTTOIOUG UTTOPEI VO CUURBAAEI O€ AUTAV.

NopoBeTikn puBuion: H KuBépvnon utropei va BeoTTioel vVOUOUG Kal
KOVOVIOHOUG TTOU Ba TTpowOouvV TIG BIWCIUES TTPOKTIKEG.

EvOdappuvorn Tng KaivoTopiag: H kaivoTouia LIropei va odnynoel o€
VEEG AUOEIG TTOU Ba BonBnioouv oTnV ETTITEUEN TNG BIWOIMNG
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[MEMNA 2019] NAI1-0043435 «Xxediaon Kai A’Vf&n’ Kaivotopwv $neiokwv
TexvoAoyikwyv Ytrodouwyv Kal YIrnpeoiwy yia Tnv'YTrooTﬁp|§r| Kai Opi1¢évTia
MapakoAouBnon AypodiaTpo@iKwyV MPaKTIKWV»

[METMNA 2017] OMNZX (MIS) 5007918 «YTTOOOMEG YIa TRV ZXEDiaon AladpaACTIKWYV
YTrnpeociwy, ZUuoTNUATWY Kol EQappoywyv pe Eu@aocn otnv Aypodiatpo®n Kai
otov Toupiopud Eptreipiag» :




MAE ITET [2019]:

EMBAHMATIKH APAZzH: ‘Ol APOMOI THX
MEAIZZAY’
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otiou Atyalou» pe Kwbtks ONE 3437 oto
Emtuyelpnolako Mpoypappa «NotLo Aryaio 2014-2020»

ZuvepyalopevoL Popeig: Kudzu IKE, EATO, MavemiothpLo Atyaiou
Xpnpatodotnon: 465.910¢€,

AREN: AskEpBprog 2023





http://www.youtube.com/watch?v=YwV_Rz5CH9Q
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Design of Interactive Systems
and Infrastructure

Data"Monitoringsst
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Field Research

User Research

Recording and analysis of
beekeeping practices

Recording and analysis of
beekeeping practices
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o g
Resea n:l)ers-

Research Methods

User Analysis & Reqs
Recording and Analysis of
Research Data

User Evaluation during Pilot
Implementation
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Architecture

public ttn o o o
Stack - a a

User
Inspections

IOHIVE Wearable
s Tangible O IOHIVE App

Devices for Monitoring RF Communication

.)))

THE THINGS

SMS scale NETWORK

o

MQTT

()

BeepBase

balancer

—> Q TTN IOHIVE Forwarder a IOHIVE Web Server / proxy /

()

Kudzu scale

‘Web hooks

O IOHIVE Main Service API

REST / ‘

()

LoRa

Weather Station REST

Forwarder Hook .
Visualisation External Services

MongoDB (e.g. Grafana)

Timeseries
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Beecounter

AVTIKAETTTIKI TTPOCTACIO
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Beekeepers’ Technologies

+ Software



#

- T /
s)\Loch‘op LKCL

IAESopEVA



I@QHIVE  oews

Beekeeping / Beehive Data

ALOSIKAoIO QU TONOTOTIONMEVNG TIOPAKOAOUBNoNG NeEAlocoounvwy (Bee Monitoring)
Kal YIooTtnpEng Amopaoswyv

Weight Weather

Temperature E o

Data Transfer (RF)

b |

Bee Colony Decision Support
Model

Vibration ® ' @

Computer Chemical T
Vision Compounts e ot o
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15 88 BeepBase / aegean-beepbase-001 <&
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@last2dhowrs + @ 8 v @

: Hive Atmospheric Pressure (Eowtepu Aty. Migon Kugenc) hPa
1018 hPs
N 000
1016 hPs f
1014 hPe (—M
10124Ps (_l__
1010 hPe —Aj—

0400 0600 0800 1000 12200 1400 1600 18:00 2000 20 0000 02:00
w Pressure hPs Last* 1017 hPy

0300 620 o0 20 1500 1800 1w 000
1 o @0 ® o8

i Hybeid Hive/Weather Table Tempilate

Time ¢ Temperature * ¥ Humidity % Pressure hPo ¥ Rain mm kradiation WA 'Y DewPonmt'CY  Battery VY
2022111902 188 928 1001 0 0 m 415
2022111902 189 924 1001 0 0 b2l 415
2022111902 19 92 1001 0 0 291 415
2022119902 191 92 1001 0 0 0 415
2022111902 191 922 1001 0 0 m 415
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< TUE 30 MAY 2023 - WED 31 MAY 2023 - >

iohive-syros-modestos-03 - aegean-beepbase-009

Last measurement: Sat, Dec 9, 2023 8:34 AM -

L] ) &
3.149v 21.25¢c 0.4263kg

Measurements: iohive-syros-modestos-03 - aegean-beepbase-009

WEATHER @ 10H SYROS-KOKKINA FROM WEATHER SERVICE MENTS (INTERVAL: 15M

remperature (°C) [ Humidity (%RH) [} Wind speed (kmvh) emp. inside (°C) ewicht calibratie (kg)
Te o (%RH| Wind d (kmv/h) Te *C] G ibr
B2 332
I~ A TINepTTTINeA TN e a1
R | e us 0
Extra data visualization ;‘3 20
2 328kg
40 28
100°C 42 341°C
20 we—as” 240 27
26 kmh 13 250
0. == 336 325
S S S S P I ’ N I T S U R N g P OSSP
@‘sd‘\\* OGO s S v"i@ e“ﬁ@"l\ﬁ_a&_o‘ PG STt @q@. \\‘i & L L o
L E 1 (P P P P P <P 4 P 1 E 4F <P < 4 A 1 4 4 4 (P 1 P P a1 P 4 P 4 a1
NFO
ttery voltage (V)
3.350
532-583H;
AL 2240
3330
3320
33v
3310
3.300
S FE IS ST ST S S o ok = 13 L
R e e § $ $ $
A P S RS S S ‘c?‘ I O R R S \;,,“Q

¥ ~ . < VP F g S p P
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HOUR DAY WEEK MONTH YEAR SELECTION ‘ Relative

< THU 21 APR 2022 - SAT 21 MAY 2022 -
lohive-syros-erikos-01 8-GOOD - aegean-bgood-01

Measurements: iohive-syros-erikos-01 B-GOOD - aegean-bgood-01

HE -

WEATHER @ IOHIVE: SYROS-GALISSAS-01 (FROM WEATHER SERVICE) MEASUREMENTS (INTERVAL: 3H)
B Humidity (x100%RH) [ Temperature (°C) Il W B Temp. inside (°C) B Gewicht gecalibreerd (kg)
100 355
80 3525 |
60 35 4295k
40
20
9
e e @ O T S R S R R R
R R
SOUND MEASUREMENTS DEVICE INFO
0- -‘491 B Battery voltage (V) i}
35 100 |
532-583Hz i i
480-532Hz a6 ; 10834
429-480Hz 34 .
378429Hz ]
327.378Hz i
276327H2 % i
224276Hz 33
173:224Hz

122173Hz
122Kz
N

L

&«. ﬁ’» #'» ,6'9 *‘P “‘4" o & “’*‘ “’*«, & &;\'
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Beekeepers’ scale - Sensor Types and Data

E Weight

27.07 kg
27
26.9
26.8
26.7
26.6
26.5
2Nl SN NN N x> O N SN N
Q«\\(’J <<<\\% ((\\\ 5’5\Q 5'5:5 5’53) %"’\Q %@\0 %&\6
B Humidity (%RH)
50
47.5
45
. . 42.5
Relative Atmospheric  *’ e
Humidity 9
35
325
30
S & U < O X CORN
%,,,\\ %\9\ o @c’b &Qz\ $®b\ & %'0\\

1012

1011

1010

1009

1008

1007

1006

Temperature

2 @ ¢

35.4°C

@ Air pressure (mbar)

1010.00 mbar

Atmospheric Pressure
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Beekeepers’ scale - Sensor Types and Data

27.07 kg

e Instantaneous Weight Values
(Sample)
o  Weight Fluctuation
o  Weight Difference
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Beekeepers’ scale - Sensor Types and Data
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Ql' Temperature

356 |
355 |

354°C

35.1 1§

® Internal Temperature
e External Temperature
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Sensor Types and Data

)1:' Temperature

35.4°C

2N SN \ad > > & N N 2
& & & & OO
P P P

®  Grid Temperature Sensor
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Sensor Types and Data - Computer Vision / IR (count bees, path finding)

The bee research station:

Beehive:

Beehive with approx. 30,000 bees.
Endoscope camera:
An endoscope camera looks inside the
bee colony and gives a clear view of the
highly complex superorganism.

Camera at the hive
entrance:

The camera, which can also record in
complete darkness thanks to infrared
lighting, enables all bees arriving and

departing to be observed.
Flight
board

Data cables:

Temperatures are recorded at eight points
using temperature sensors.

'A combined temperature-moisture sensor
also provides information about humidity
in the hive.

Hive weighing scales to record the
Hive total weight.
entrance

Light barrier:
Bees arriving and departing are
counted at the light barrier.
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Sensor Types and Data

Sound

e Heat map: if sound data is present this will be displayed in a heat map. The more often sound in a certain
frequency bandwidth has been recorded, the warmer the color of the corresponding data point.

SOUND MEASUREMENTS

A -
0 12

532-583Hz
480-532Hz
429-480Hz
378-429Hz
327-378Hz
276-327Hz
224-276Hz
173-224Hz
122-173Hz

71-122Hz

STLES & & & PESF TS TEFT ST LTSS & & &

&5 &
‘}o““g“ & °o PPt Qe \)9. o q\@«\&&& °<¢°¢o¢\o S E P °}\=.-° & & & & &
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Sensor Types and Data

Vibrations

Solar
- charger

Janus sensor
“ with wireless link
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Beekeeping Practices
Recording observations during field inspection
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Beehive Inspection Process

Observation Intervention
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Beekeeping Inspection Process

Observation

I@HIVE o

Intervention

/

Observation

Intervention

/
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Beehive Inspection Scenario

Minimal Inspection Scenario - Aek€uBpLog - Xelpwvag

Day 1

start

f HPBcP H f f HPBcP H f
oD oo
oo oo
:;: Observation ©® :;:
oo oo
oo ox|e
oo o|e
oo oo
oo o[x|e

1

Inspection Phase 1

7

Monitoring s

Inspection Phase 1’

I Inspection 1 S

‘EAeyxog O PEALOGOKOHOG
SlabeouotTnTag napatnpet 6tL el
TPOYNG KatavaAweei éva
€AeyX0G UMapENG  HEPOG TNG TPOPAG.
TAnBuGHOL Mapatnpei eniong
(Cwvtavo peliool)  OTL O MANBUCUOG
eivat
LKQVOTIOLNTIKOG.

ZOpPWva PE auTeg
TIC MAPATNPROELS,
€MELON N eMOpEVN
emniokeyn Ba eivat
o€ JLod pnva,
anogaoilet va
TPOYOSOTNHTEL TNV
KUWEAN Pe €§Tpa
TPOWN Kat TNV
KAeiveL.

Evnuépwon
Heiwon Bapoug
- avaykn ywa
TPOPN N VEKPO
peAiool?

Day 16

Dec 2023
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end

f HPBcP H f

P

g
g
g
g
g
g
D

f HPBcP H f

Observation ®

2

Inspection Phase 2

D

g
g
e
g
g
e
g

o

Inspection Phase 2’

I — Inspection 2 -

‘EAeyxog

SlabsouoTnTag

TPOPAG

£AeyxoG umapgng

TIANBLGHOL

(ZwvTavo pelioot)

ErupBepaiwon
unapéng mMAnBucpoL,

TPoGBrKN TPOPNG
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Mobile and Desktop Ul Protot

|°H|VE Q L @ katerina Malisova IGH V= O\ ﬁ @ Katerina Malisova

08 Overview

Overview

Apiaries

Apiaries

1sD-lab 15D-lab- 15D-lab-
(1) Devices Syros-001 Syros-002 Syros-003

< > - -
Hwo O =H =1 R ISD-1sb> 150-1ab 150-lab
8% Settings — 1 Devices ¢ Syros-001 Syros-002 Syras-003 5
1SD-lab-Syros-001 o Bw © I=F] Hs
£l Settings e o
[0 Apiary Map /7 = Hives
1 Apano Meria 01
[ |
©Q Apano Meria, Syros
= ®
4 /\ Latest Inspection: Aug 20, 2022 10:07 AM

= Hives
Apano Meria 01

@ Apano e

Previous Inspections

=y
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iohive-syros-isdLab-01

e
- Hive Details

3 »
) 5 >
(e 100% .

HIVE DATA LOCAL WEATHER

12.7c 60.4% Owm

ERITe———

Wes o

Hive Humidity (Eowtepue Yypasia KupéAng) %

Hive Sound (Hxos Kugéhng)

Historical - Wind

Local Area Wind Speed (m/s)

B i R T e s “'MN

e Ay T N e oy oY

Historical - Weather

Local Gust direction < Local Wind direction

Local Area Rain (Bpoxi) mm

Local Area Temperature (@sppoxpacia Mepioxtic) °C

o
AN )

% C Lecal v

A
Vi,

I@HIV=

Wind direction (degrees)

Wind direction (degrees)
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Wind direction (degrees) |‘H IV=  oeczom

i Local Wind direction °

1030 hPa wrrme 0° wl I
1020 hPa 6 _7 m/s
:00 00:00 06:00 12:00

vdir_Avg10 == wdir_Max10
4-5m/s vdir_Min10

0870 s 5 -6 mM/s

== Pressure h
mmm 3 -4 m/s
— 2-3m/s
— 1-2m/s

2K ——
1K s O-1m/s
512 'mm
256
128 .
64 ———

ol | | | |

AHENR

JANEn

, IHNEN

, IHER

03/20
|
NN

03/24 03/25 03/26@
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, S p r o u t www.kudzu.gr

The multi-radio base board
for your next loT product

Bridging the gap between
prototyping and product
has never been so easy!
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I0Hive OpenVPN Status Monitor |0 H |VE

VPN Mode Status Pingable  Clients  Total Bytes In Total Bytes Out Up Since Local IP Address

Server CONNECTED Yes 3 27874415 (26.6 MiB 10.8.0.1
Usemame/ VPN , Remote , Connected Time
Hostname P Y oP ¥ Location ¢ Bytesin $ BytesOut$ Since ¥ LastPing ¢ Online

aegean-iot-gw1 Galissas, Syros

4390350 (4.2
MiB

aegean-iot-gu3 10.8.03  Hidden Kakapetra, Paros

aegean-iot-gws 10805  Hidden 4.1.8.1 Ermoypolis, Syros, Cyclades.

Greece 19:32:35
aegean-iot-gw7 10.8.0.7  Hidden Agricultural Univeristy of Athens, Ktirio

loaokidi, Athens, Attiki. Greece MiB 16:14:31 16:14:31

kudzu- clades, Greece

r-kok No VPN Foinikas, Syros, C:
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LoRa / TTN
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Analytics / Network / TTN-Syros / Analysis

= OTS Serres ¥
= RAKwireless v
= TTN-Syros A

@ Big Picture

( Pro Dashboard

@ Overview

! Report

< Planning

©® Geo Tracking

3)

TTN Communi.. ¥

= TTN-Kozani v doivikac
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http://www.youtube.com/watch?v=wPMZfaLVY7A
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Similar Projects bee/agri-tech:

BeeHero (Israel),
Pollenity (Bulgaria)
Arnia (Italy)
Olombria (UK)

Beep (Netherlands)
ApisProtect (Ireland)
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Research Papers, Posters and Presentations
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ICCSA 2023 Conference paper

"IOHIVE: Architecture and Infrastructure of an |OT System for
Beehive Monitoring and an Interactive Journaling Wearable Device
for Beekeepers

ZUpog MoAttiopdg (Oéatpo ATtOAwY, EppoUTioAn)

Zopoc - Mokiziops & Mlavematipio Atyaiou Napouaicen

IOHIVE: Ex=5iaon kat Avantugn K v
EXVOAOYLKWY YTodopwy Kat YTnpe:
YrootApiEn kat Optlévria Napakoioudnan Ay
MPaKTIKLY

Fosscomm 2022 (Aapia)

om»» LX‘D\RIO\; ac Atadpactika Iucthipata yia tav
coxopia - IOHIVE: Designing Interactive Systems for
e Beekeeping"

INFOSTRAG 2022: 170 Etriolo Zepwvépio tng
EppoumoAng yia tnv Kowwvia thg MAnpogopiag kat
v Owovopia tng MNvwong (Z0pog)

"Designing Interactive Systems for Sustainable Beekeeping"

HCII 2022 Conference Paper

IOHIV=

[OHIVE: Designing Interactive
Systems for Sustainable Beekeeping

I

Designing Interactive Systems for
Sustainable Beckeeping
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https://iohive.aegean.gr/digital-rep
ository/research-papers-and-posters
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avantun - epyacia - alAnAeyyun

This research was co-financed by the European Union and Greek national funds under the Operational Program 'Research Innovation Strategies for
Smart Specialisation in South Aegean OIIX 3437', call South Aegean Operational Plan 2014-2020 (project code: NAII'1-0043435). The study

involved collaboration with project partners including the Institute of Mediterranean Forest Ecosystems and Forest Products Technology (Dr. Sofia
Gounari) and Kudzu P.C.
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