D

7/
X4

K/
X

X3

S

A ppnatl) Al il 3y 58 all 4y ) sgeen)
People’s Democratic Republic of Algeria
o—alall Gl g Mall ailaill 5 ) 5 5
Ministry of ngher Education and Scientific Research
Grad g plady Gl o (e dzala

Belhadj Bouchaib University -Ain Temouchent-
Faculty: Sciences & Technologies

Departement: Electronics & Telecommunications

EE
—_—

AIN TEMOUCHENT UNIVERSITY

\\ Belhadj Bouchaib /)

Asylipl Axdy il Ayibgll AUl

CNCSIIU

Final Year Project
In the context of ministeriel decree No 008 which amends and supplements
ministerial decree No 1275 « a Diploma, a Startup / a Microenterprises or Patent »
To obtain the diploma Licence/Master’s Degree
Faculty: Sciences & Technology
Field: Telecommunication
Specialisation: Networks & Telecommunications

Topic: Development of a connected BeeHive

¢ Submitted By:
BOUZzID DAHO LOURMIL MILOUD ABID
RANIA HADJAR SOUMIA AHLEM SABRINE
% Supervised By: Mr.BEMMOUSSAT

s Board of Examiners:

o
e® %

K/
L X4

Dr. SEKKAL Mansouria MCA U.Ain Témouchent Chaiperson
Dr. BENOSMAN Mohamed Mourad MCB U.Ain Témouchent Examiner
Dr. BEMMOUSSAT Chemseddine MCA U.Ain Témouchent Supervisor
Dr. HABIB GHARBI Sabah MCA U.Ain Témouchent  incubator representative
Mr. MELOUK Djalal Beekeeper  Ain Témouchent Socio-economic Partener

FATMI Sihem Environemental House  Ain Témouchent Socio-economic Partener

JUIN 2025




L) A jhagall &y 0 5ol Ay ) gganl)
République Algérienne Démocratique et Populaire

Ministére de L'enseignement Supérieur

et de La Recherche Scientifique ralad) Cagll g el agladll 5159

Gl g plal -Gl e O Al

Université Ain Témouchent - Belhadj Bouchaib -

\ . don -
Faculté... 5.0 banke.. .. ek La‘ﬂmtzfxs}a N i r?‘z?"ka"s'ﬁ’ 5 Q..@J(.\QB
Département.f«édéwh% .nel.:[.e.«&wckm 2yt Sa "7“L“7fm'xr‘

Jealll 530 gl ol 3ale

(VN | W AIOTI.S R %, 1
t—p Angangll Flll 3550 sl Jo 3,2

C.‘:, ol 2ile I it sk,
> D 3 A g
S Tt LT o4 };Lj:j.\ K
..............................'I,Cwu)ilml..ij..:G'.\ﬁ&)m;\..J;dm.‘.y....f.)!;.7y;¢i):...l3." :r-mﬂ‘

(| R W) IR, | UK DRLAT B e |
¥ ¥

t\_\‘\ er’b m\i\/‘eﬂ\ wdob o dyglall Slovsuarlly Sl 1gals 35 Ll ag2
dnslol) LS AL (gymn Jo 23,75y 43,1 —

dl..:-l\ GL'AA\







Acknowledgements

First and foremost, we would like to express our deepest gratitude to ALLAH, the source of
wisdom, patience, and strength. Without His mercy and guidance, we would not have been
able to overcome the challenges we faced or complete this journey. All praise is due to Allah
for His countless blessings.

Together, we walked a path that was sometimes challenging, often inspiring, and always
meaningful.
Between us, there was support in silence, strength in smiles, and unity in every shared
moment.

We would like to express our deepest gratitude:

To all our respected teachers and everyone who has taught us even a single letter- each by
name and by their esteemed status and especially to our supervisors, Mr. BEMMOUSSSAT
Chams Eddine, for your tireless efforts, constant guidance, and belief in our potential. You

have shaped our minds and inspired us to aim higher.

We also extend our sincere thanks and heartfelt appreciation to the respected jury members
who honored us with their time, expertise, and valuable feedback:

Dr. SEKKAL Mansouria, Dr. BENOSMAN Mohamed Mourad, Dr. GHARBI
Sabah, Mr. MELOUK Djalal, Ms. FATMI Sihem

To our parents and families, your sacrifices, prayers, and unconditional love have carried us
through. You stood behind us when we doubted ourselves and believed in us when we needed
it most.

To our classmates and every friend who became like family thank you for the laughter, the
sleepless nights, the shared goals, and the memories that will last a lifetime.

To everyone who stood with us, in success and in stress, in exams and in celebrations your
presence made all the difference.

This journey was not just academic it was human.
It was about growing together, falling and rising together, and learning not only from books
but from each other.

Between us, there is now more than just knowledge.
There is gratitude. There is friendship. There is a bond that time will never break.




Dedication

With a heart full of gratitude, | dedicate this work to the people who mean everything to me
To my dearest parents, you have been my quiet heroes.

Your endless patience, your quiet sacrifices, and the unconditional love you gave me through
sleepless nights, silent prayers, and words of encouragement | owe everything to you. This
achievement is not just mine, it is the fruit of your unwavering belief in me, even when |
doubted myself. Thank you for being the roots that held me firm and the wings that helped me
fly Thank you for everything that cannot be repaid, only honored.l hope this project makes
you proud, as | am endlessly proud to be your child.

To my brother Mohielddine and my sister Djana

You are more than family you are part of my soul. You’ve stood by me in silence and in
storms. You may not always see the ways you’ve lifted me, but they are etched into every part
of this journey. This project carries your names quietly within it, just like I carry your love
every day together, you are my beginning, my middle, and my never-ending support. And
though | may not always say it, everything I strive for carries a part of you. Thank you, both,
for being my home.

To my professor and mentor Mr.BEMMOUSSSAT Chemseddine, who not only taught me
but believed in my potential thank you for lighting the way when things felt unclear.

You didn’t just teach me how to succeed you taught me how to grow, how to question, how to
try again. Thank you for being more than a teacher, for being a guide, a mentor, and a quiet
force of inspiration. You’ve helped shape not just a student, but a thinker, a builder, and a
believer. I will carry what you taught me far beyond this project into every future step | take

To my cherished friends and project partners Sabrine&Rania

Walking this path with you has been one of the most beautiful parts of this experience.This
project carries not just data and code, but the memory of our collaboration, late-night ideas,
and a shared belief that technology can serve something greater.Thank you for your trust and
Thank you for walking this road with me

To my dearest family, my closest friends and to everyone who supported me along the way
Thank you for your genuine care, your kind thoughts, your prayers, and the love you’ve
surrounded me

And finally, to anyone who dares to dream of making a difference
This is for you. Keep building, keep believing.

LOURMIL Soumia




Dedication

(:;\A‘)S\ QLA;)S\ AfU\ o
With a heart full of gratitude and humility, | dedicate this humble work:

To my Beloved Father, whose strength, wisdom, and quiet sacrifices have been a pillar in my
life, your support has always been my motivation to keep going.

To my Precious Mother, the light of my life, whose endless love, prayers, and care have
nurtured me through every step of this path. Your belief in me is my greatest treasure.

To my Dearest Sisters, Douaa and Asmaa—thank you for your love, encouragement, and
always being there when | needed a kind word or a comforting smile.

To my supervisor, Mr.BEMMOUSSAT Chemseddine, whose guidance, supports, and
encouragements have been invaluable. Thank you for believing in us, for your patience, and
for your dedication to helping us grows. Your mentorship has left a lasting impact on me,
both academically and personally.

To my amazing bindmes, Soumia and Sabrine—thank you for your partnership, your
friendship, and for making this academic journey not only easier but also full of laughter,
support, and unforgettable memories.

To my classmates, with whom | have shared four meaningful years—years filled with
learning, joy, growth, and true companionship. These years were more than just a time of
study; they were filled with moments of happiness, challenges overcome together, and bonds
that | will cherish forever.

This work is not just the result of my efforts, but the reflection of all the love, support, and
kindness | have received from each of you.

From the depths of my heart — ;QMW.

BOUZID DAHO Rania Hadjar




Dedication

| dedicate this work, with gratitude and emotion, to those who have been a source of
inspiration, support, and light throughout this journey:

To my dear parents, for their unconditional love their prayers that have always accompanied
my steps, their patience and their constant support. May God reward you for every sacrifice,
whether seen or unseen.

To Dr. BEMMOUSSAT, my supervisor, for his valuable guidance, and his advices, and trust
throughout this work.

To my beloved uncle MELOUK Djalal, whose support and advice have deeply marked me.
Your generosity and encouragement have left a lasting impression on this journey.

To my brother Aymen and my sister Ines, whose tenderness, shared smiles, and comforting
presence have been a quiet yet powerful refuge along the way You are not only family you are
a part of my heart.

To my Quran teacher, Dr. OUADFEL Houdna whose faith and dedication inspire me beyond
words, and to the sisters of our Quran study circle, whose spiritual presence uplifted me and
brought comfort in times of weariness.

To my thesis colleagues LOURMIL Soumia and BOUZID DAHO Rania Hadjar , with whom
I shared far more than just pages and ideas: hours of reflection, challenges we faced together,
and moments of sincere connection. Your presence transformed this academic stage into a
valuable and memorable human experience.

To my loved ones and family members who sincerely care for me, thank you for your kind
thoughts, your prayers, and your quiet affection.

To my closest friends and all those who wished me well along the way thank you for
believing in me.

To my gym companions, for their energy, motivation, and everyday encouragement.

To my classmates, for the shared efforts, the long hours of work, and the memories we created
together.

And finally, | dedicate this work to Palestine to its blessed land, to its resilient and dignified
people, whose cause lives in every free heart.
May God grant them victory and honor us all with a prayer in Al-Agsa, in peace and in
freedom.

MILOUD ABID Ahlem Sabrine




Table of Contents

ACRIOWIEAGEMENES ...t |
I PP RP VIl
ABSTRACT <.ttt bt bt b bbb bbbt b bbbt bbb n e b n e VIHI
YT TR IX
LIST OF FIQUIES ...ttt sttt e s be e e e s reesbeenaesreenteanee s X
LISE OF TADIES ... ettt st et r e b b nne s XI
LSE OF ACTONYIMS ...ttt bbbttt b b bbb s XIl
General INTTOTUCTION ......ouviiiii ittt bbb ne e 1
CHAPTER | ot bbbt b et b ettt bbbt 2
00 [ T [3Tox o SRS URPRPRRRIN 3
1.2.The importance of bees in the BCOSYSIEM ........ccoiiiiiiiii e 3
1.3.Beekeeping in the context of climate Change ...........ccccov e 4
1.3.1.0DSEIVEA IMPACES .....c.eiiieiiicie ettt be e teenteenaenneas 4
I.4.Presentation of modern BEEKEEPING .......covviiiieiiiiie e 5
1.4.1. USE OFf TECANOIOQY ....veivieiiicie ettt ettt nae e nne s 5
1.4.2. Bee Health MONITOTING .....ccooiiiiee e 5
1.4.3. SUSEAINADIE PraCliCeS ......cooieieieiieiieceeeeee e e 6
1.4.4. Urban and Smart BEEKEEPING .......cccoiiiiiiiiiiiiee e 6
I.5. Technologies used in connected BEEKEEPING.......ccueiviriiiiiieiiiieieee e 6
1.5.1. IoT-Enabled hive monitoring SYStEMS .........ccoiiiiiiiiiiieeieiee e 6
1.5.2. Artificial Intelligence and Machine Learning applications.............c.ccoovevvvviveinennn. 6
1.5.3. Robotic Beekeeping INNOVATIONS. ..........ccooiiiiiiiiiiiese e 6
1.5.4. Integrated environmental and security MoNItOring........cc.ccooerevenenenenesieeee. 7
1.5.5. Data-driven decision making and predective analytics..........ccccocevereriininnnicnennn. 7
1.6. Impact of Temperature and Humidity on Honeybee Productivity............c.ccocevvniiviiiniinnnn. 8
1.6.1. IMPACT OF TEMPEIALUIE ...ttt bbb 8
1.6.2. IMPACt OF NUMIAITY ....veiiiiiiiiec e 9
I.7.Comparison of international smart Beehive Projects..........ccccoviiiieniienc i, 10
1.7.1. OSBeehives — BuzzBoX (SPain / USA) ..o 10
1.7.2. BeeHEAItNGUIU (USA) ...ttt 11
1.7.3. SensorBee (SWILZerland) ........c.cocviiiiiiii i 11
1.7.4. BeeScanning (SWEAEN) .....ccuvi ittt st eeae e 12



file:///C:/Users/Lenovo/Desktop/BeeGuard%20VF-1%20(1)+.docx%23_Toc201490677

(SO0 ] 0 [o] (017 1o ] o T TR TSR TRUURRRRRRTT 13

(O8Nl I = | SRS 14
L L INEFOTUUCTION ..ttt bbbttt 15
I1.2.Physical Design 0f the HIVE ..........ccoiiiiieiicc e 15
11 .2.1.Dual-Roof Smart HiVE DESIGN ......ccoviiieiiee e 16
I1.3.Initial Solution: Arduino Uno with DHT11 and Fan.........c.ccoceiviiiineneninnsceeeeen, 17
Il .3.1.1dentified Limitations of the Arduino-Based System............cccccvvvevivevvcvieieennnn, 17

I .3.2.MiIgration 10 ESP32: ........coi ittt 17

Il .4.Features Comparsion Table: Arduino Uno VS ESP32 ........ccccoviieie i, 18
[1.5.SYSteM AFCNITECTUIE ......eeiieie ettt ae e e nneas 19
TE5. 1. HArAWArE LAYEY ...t 19
R0 1 I Y 7SSOSR 19
R0 7 1 L [ I SRRSO 20
11.5.1.3.DHTLL FRALUIES: ....eoieeieieeitee sttt ettt sttt te e e et 20
11.5.1.4 COOIING FAN ..ottt bbbt 21
1.5.2. CONTIOI LAYEK ..ottt 22
11.5.3. COMMUNICATION LAYEY ...t 22
11.5.4. Power Management LAYET ..........cooiiiiiriiieiececsee e 22
11.5.4.1.POWETr BaNK FEATUIES......c.eeiieeieeieiii ettt ettt ee e e 23
T1.5.5. APPHICALION LAYEK ..ot bbb 23
[1.6.Electronic System DevelOPMENT .........ooiiiiiiiee e 24
[1.7.Mobile Application DeVEIOPMENT .........ccvoiiiiiceeece e 25
T1.7.1. Platform SEIECTION ......ceoieiiiee ettt 25
11.7.2. FUNCLIONAI FRATUTES ......eoviieiiee et 25
11.7.2.1. Dashboard WIAQELS .........cceiiiiieii ettt 25
L T Tod U1 4 | YOS STPR PSRN 27

L8 PEISPECTIVE ... ettt et e et e et e e e e et e et e e ae e naeeanrs 27
1O CONCIUSION ...ttt ettt e bt e st e b e sbe et e sneenneas 28
GENEIAl CONCIUSION ... ettt et et sre et e e b e b e 30
BIDHOGIapIe ... 32
Y @AY o] o<1 oo PSSP 35



file:///C:/Users/Lenovo/Desktop/BeeGuard%20VF-1%20(1)+.docx%23_Toc201490702

Lo |

Cangs Adall (Jals LAl 3 ) o) da o aulitig A8 pa o 3 )08 4383 Jad A8 20 5 manad ) £ g pdall 18 Caagy
ol Al ds s ol Gubeny Ladi el (3 aSatie e allaill aaing Juall Z 1) 3355 Jadll Glue Cag pla Gaas
Aashlls

Ly Glasa s 5l sall Gandard LAl & 50 da gy Josndi oy 4 530 da 50 35 (358 Al Jala 5 ) jall da jo g i) 2ie
LS i PloeS rae ) Aalall 05 Jiie S0 28l (ppelil Jitie Galiy oUaill a5 8 Jaill dlia
UL el Cun o ganall Ciilgl) o (el Gubi e 3 o8 L aSadlly A8 A8 ja Jal) oyl (S

@.ssaj\ < gl ot Al

Jali g Juad) UG A Bk ) o Lae cdinia Cpaady (Jadl) o gl ad) sl QS 8 Jall sda aalud
Jadl) Ay 55 Jlaa B S cliBll) JlAa) sa Aage 3kt & 5 il 138 Jlays Aliall il yudl) e A3l ol

-

Adgaal)

Vil




ABSTRACT

This project introduces an innovative smart beehive system designed to improve bee colony
health and assist beekeepers in hive management. The system is built around an ESP32
microcontroller, connected to a DHT11 sensor that monitors internal temperature and
humidity. When the temperature exceeds a critical threshold of 35°C, a cooling fan is
automatically activated to regulate the internal environment and prevent heat stress on the
bees.

The system is powered by a power bank, ensuring autonomous operation without
dependence on external power sources. Additionally, it features a remote monitoring
interface through the Blynk mobile application, allowing the beekeeper to track and
control hive conditions in real-time using a Smartphone.

This smart solution contributes to better colony welfare, reduces risks related to temperature
fluctuations, and boosts honey production. It represents a significant step toward integrating
smart technologies into modern beekeeping practices.




Résumé

Ce projet propose une solution innovante de ruche intelligente destinée a améliorer les
conditions de vie des abeilles et a faciliter le travail des apiculteurs. Le systéme est basé sur
un microcontréleur ESP32, couplé a un capteur DHT11 pour mesurer la température et
I’humidité a I’intérieur de la ruche. Lorsque la température dépasse le seuil critique de 35°C,
une ventilateur se déclenche automatiquement afin de réguler la température interne et
ainsi prévenir le stress thermique des abeilles.

L’alimentation est assurée par un power Bank, garantissant un fonctionnement autonome
méme en absence de courant. De plus, une interface connectée via l'application Blynk permet
a ’apiculteur de suivre a distance les données environnementales de la ruche et d'intervenir
si nécessaire, depuis son Smartphone.

Cette solution contribue a renforcer la santé de la colonie, a réduire les pertes dues aux
conditions climatiques extrémes, et a augmenter la productivité en miel. Elle offre un
premier pas vers l'intégration des technologies intelligentes dans I'apiculture moderne de miel.
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General Introduction

Bees are a crucial component of our ecosystem. Through their role in pollination, they
significantly contribute to plant reproduction and agricultural productivity. However, in recent
years, beekeepers have faced numerous challenges, particularly those related to climate
change and its impact on bee colonies. One of the major issues is the excessive rise in
temperature inside the hive, which can disrupt bee behavior, impair the queen’s egg-laying
process, weaken the colony, and reduce honey production.

In response to this challenge, it is essential to develop innovative solution that allow for the
monitoring and regulation of internal hive conditions-especially temperature and humidity.

This is the aim of our project, which focuses on designing a Smart Beehive capable of
detecting environmental variations in real time and responding autonomously to maintain an
optimal environment for the colony’s development.

The main goal is to create an automated monitoring and regulation system based on connected
technologies. This system will continuously track internal hive data, notify the beekeeper in
case of anomalies, The objective is to maintain a stable climate within the hive, ensuring bee
welfare and, consequently improving honey production.

The adopted methodology consists of several stages. An initial study phase defines the
optimal thermal and hygrometric needs of the bees. This is followed by the design of
embedded system that integrates sensors, data processing logic, remote communication and
actuators. Finally, a Testing phase will asses and validate the system’s performance in a
controlled environment simulating real hive condition.

This project aims to bridge traditional beekeeping and modern technologies, promoting
sustainability, efficiency, and respect for the apicultural ecosystem.
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I.1.Introduction

The protection of bees has become a global priority, at the intersection of environmental,
agricultural, and economic concerns. Responsible for the pollination of nearly 80% of
flowering plant species, bees play an irreplaceable role in preserving biodiversity and
ensuring food security. Yet, their population is in alarming decline due to multiple factors,
with climate-related disruptions being a major contributor.

In this context, the chapter aims to explore the scientific and technical foundations related to
our research topic. It is structured around five complementary themes: we begin with an
overview of the essential role bees play in ecological balance, followed by an examination of
the effects of climate change on beekeeping activity. We then present the shift toward
modernized practices in apiculture, along with a review of emerging technologies in the field
of connected hives. Finally, special attention will be given to the influence of internal climatic
conditions particularly temperature and humidity on bee behavior and the quality of honey
production.

1.2.The importance of bees in the ecosystem

Beekeeping is important because bees play a vital role in the reproduction of many plants and
in food security, poverty reduction, health, and environmental protection. Their disappearance
would therefore have major repercussions on plant diversity and global food security, as they
contribute significantly to the production of most of the plants we consume. Indeed, more
than 75% of food crops depend, in part or in full, on pollinators, with bees being among the
most important because they play a crucial role in the production of fruits, vegetables, coffee,
cocoa, and almonds. They also play a vital role in maintaining biodiversity, as evidenced by
the positive correlation between plant diversity and pollinator diversity. The abundance and
variety of pollinator species in a given environment are considered key indicators of the
health of that ecosystem and according to experts from the Food and Agriculture Organization
of the United Nations; about a third of global food production depends directly on the work of
bees. (1)
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1.3.Beekeeping in the context of climate change

Beekeeping will be no exception whereby climate change will inevitably have consequences
for bees and beekeeping thereby impacting the key ecosystem service of pollination and
honey harvesting. (2)

1.3.1.0bserved impacts

- Increased bee feeding to compensate for the lack of available nutrients in the environment.

- Addition of waterers in apiaries to compensate for water shortages.

- Changes to the beekeeping calendar (colony start-up, queen availability, syrup preparation,
transhumance dates, harvest of certain honey flows, apiary visits, final harvest, wintering,
etc.)

- Anticipation of hive preparation and keeping hives ready to respond to climate variability.

- Changes to the transhumance plan (modification of routes, schedule, health measures, etc.)
and increased travel to find available nutrients in the environment.

- Increased vigilance and observation of external phenomena.

- Increased arduousness and working hours (workload, stress), leading to psychological
fatigue for beekeepers.

-Variability in honey quality and quantity.

-Increased costs (transhumance, feeding, equipment, etc.) (3)
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I.4.Presentation of modern Beekeeping

Modern beekeeping plays a crucial role in bee conservation and sustainable agriculture. With
technological advancements, beekeepers can now remotely monitor their hives, analyze real-
time data, and make informed decisions. Connected devices track hive conditions without
disturbing the bees, reducing colony stress. In urban areas, smart hives are increasingly
installed to raise awareness about pollinators’ importance. This modern approach makes
beekeeping more efficient, accessible, and better suited to current environmental challenges

(4).
1.4.1. Use of Technology

Modern beekeepers use smart sensors to monitor hive conditions like temperature, humidity,
and hive weight. Tools like microcontrollers, applications, and 10T systems help beekeepers
receive real-time data and alerts. (5)

1.4.2. Bee Health Monitoring

Technologies such as thermal cameras, Al image analysis, and remote sensors help detect
diseases, parasites , or stress in bees early. (6)
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1.4.3. Sustainable Practices

Modern beekeeping emphasizes environmental care. Beekeepers use natural treatments, avoid
harmful chemicals, and plant pollinator-friendly flowers to support bee populations. (7)

1.4.4. Urban and Smart Beekeeping

Urban beekeeping is growing in cities, often using smart hives that connect to mobile apps.
These systems allow hobbyists and professionals to monitor their bees without frequent
interference. (8)

Modern beekeeping blends tradition with innovation. By using technology and eco-friendly
methods, it helps protect bees and ensures better honey production and pollination.

1.5. Technologies used in connected Beekeeping

Connected beekeeping, has evolved significantly with the integration of advanced
technologies. Recent innovations have introduced systems that combine Internet of Things
devices, artificial intelligence, and machine learning.

1.5.1. loT-Enabled hive monitoring Systems

Internets of things devices are becoming more and more important in modern beekeeping as
they provide real-time data on hive conditions. For example, early illness identification and
proactive hive management are made possible by the Hive link system’s integration of sensors
that track temperature, humidity, hive weight, and diurnal cycles. By giving beekeepers useful
information, this method reduces the need for manual checks and encourages sustainable
practices. (9)

Similarly, Bee sage provides smart beehive scales that monitor weight variations, ambient
temperature, and GPS positions. This technology notifies beekeepers of crucial events. (10)

1.5.2. Artificial Intelligence and Machine Learning applications

Complex hive data analysis now heavily relies on ML and Al. The Intel beehive system uses
machine learning and computer vision algorithms to track bee activity. It offers non-intrusive,
real-time data by placing cameras at hive entrances, which makes it easier to comprehend and
control hive health.

Additionally, an Attention-based Multimodal Neural Network (AMNN) Al-based integrated
system has been created to evaluate bee health by examining both acoustic and visual
information. With an overall accuracy of 92.61%, our all-encompassing method outperformed
conventional single-signal models and provided a more effective, non-invasive method for
early disease identification. (9)

1.5.3. Robotic Beekeeping Innovations

Robotics is transforming modern apiculture by automating essential hive management

processes.
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Beewise’s Beehome is a robotic beehive that combines Al and robotics to perform regular
maintenance, monitor environmental conditions, and detect diseases. Operated using solar
power, this system minimizes the necessity for frequent human intervention, which helps
reduce stress on the colony and enhances productivity. (11)

1.5.4. Integrated environmental and security monitoring

Advanced monitoring systems now incorporate sensors for temperature, humidity, and GPS
tracking, providing real-time alerts on hive conditions and unauthorized movements.

1.5.5. Data-driven decision making and predective analytics

Platforms like BeeSTAR empower beekeepers with precision sensing technology, enabling
data-driven decision-making. By tracking hive performance and providing early warnings for
potential issues, beekeepers can take proactive measures to maintain colony health. (12)

The integration of 10T, Al, robotics, and data analytics in connected beekeeping represents a
transformative shift towards more efficient, sustainable, and resilient apiculture practices. As
show in the figure bellow.

Environmental factors Honey bees” activities

. i : : _i Sman‘beehive
g ~ b Data storage Cloud

) .‘L
Wireless g @
: Protocol Wireless
@ (Zigbec) Protocol
Gateway (Wi-Fi)
% (Industrial
personal computer)
7 ' Bechiv <
— Research Issues
Colony Collapse

foraging behavior
detection system_

Power Supply O
PP P : @ 09 P + Dlsordcr
Traditional Renewable g . @ Q0 l ,,3
mains supply Solar \\md e _ }
Pesticide effects on . Optimal environment analysis l:muonmcnml
honey bees for honey bee activity factors of beehives
T E .' Novel device for  Foraging behavior of honey Smart bechive Honey bee
3 =y ‘ bee research bee and environmental factors  environmental activity prediction

EA—— of beehives control model

Figure 1.3: Technologies utilized in connected Beekeeping Systems (13)
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1.6. Impact of Temperature and Humidity on Honeybee Productivity

1.6.1. Impact of temperature

Temperature fluctuations significantly impact honeybee productivity, affecting their
physiological function, behavior, and colony dynamics. Research has shown that optimal hive
temperatures (33_36°C) are essential for maintaining colony efficiency, while deviations from
this range lead to adverse effects.

High temperatures exceeding 36°C impose thermal stress on worker bees, increasing their
energy consumption as they engage in thermoregulatory activities such as wing fanning and
water collection (14). These behaviors divert resources from essential tasks like foraging and
brood care, ultimately reducing honey production. Additionally, elevated temperatures
decrease the efficiency of pheromone signaling, disrupting colony cohesion and potentially
increasing swarming tendencies or stress responses in the hive. Prolonged exposure to
excessive heat also heightens the risk of dehydration and weakens bees ‘immune responses,
making colonies more vulnerable to parasites such as Varroa destructor. (15) (16)

Conversely, temperatures below 33°C hinder larval development, slowing metabolic
efficiency and leading to delayed growth and reduced adult bee populations (17). To
compensate for heat loss, bees must consume more stored honey to generate warmth,
depleting their reserves and increasing the risk of starvation, especially during prolonged cold
periods. (18)

High temperature above 35°C also suppress foraging activity, as bees must return to the hive
to assist in cooling efforts, reducing nectar and pollen collection. Studies using smart hive
monitoring technology confirm that temperature instability correlates with reduced daily
foraging rates and lower honey storage levels. (19) (20)

The table below shows the impact of temperature on honeybee productivity

Average temperature (°C) Potential Honey Production
(kg/ruche)
<20° <10 Kg
25°-31° 20-30 Kg
32°-36° (ideal) 28-40 Kg
>40° <10 Kg

Table 1.1: The impact of temperature on honeybee productivity
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1.6.2. Impact of humidity

Relative humidity plays a crucial role in maintaining colony homeostatic and influencing
honey quality. Honeybees actively regulate hive humidity to sustain optimal brood-rearing
conditions, which should ideally range between 50% and 70%. Deviations from this range can
lead to detrimental effects on both the colony and honey production. (21)

When humidity levels exceed 70%, the evaporation rate of water from honey decreases,
increasing its moisture content and making it more susceptible to fermentation and fungal
infections, such as chalkbrood caused by Ascosphaera apis. Excessive moisture also
compromises honey storage stability, requiring bees to invest additional energy in ventilation
to maintain appropriate conditions. Conversely, low humidity levels below 40% can cause
dehydration in developing larvae, leading to weakened adult bees or increased brood
mortality. Additionally, reduced humidity effects the physical properties of beeswax,
increasing its brittleness and making stored honey more vulnerable to contamination. (22)
(23)

Humidity also influences nectar processing and honey ripening. If it’s too high, bees must
spend more time drying nectar before capping honeycombs, delaying the honey maturation
process. In contrast, when humidity levels are too low, nectar dries too quickly, potentially
altering its sugar concentration and nutritional composition. Proper moisture regulation is
essential to ensure honey maintains water content below 18%, preventing fermentation and
preserving quality. Variability in humidity conditions can therefore impact not only colony
health but also the market value of the harvested honey. (24)

Overall, maintaining optimal hive temperature and humidity is essential for the survival of
honeybee colonies. As demonstrated in the following figure
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Figure 1.4: Effects of Temperature and Humidity on Bee Productivity (26)

I.7.Comparison of international smart Beehive Projects

1.7.1. OSBeehives — BuzzBox (Spain / USA)

> Overview

OSBeehives is a startup founded in Denver, Colorado, with strong ties to the Fab Lab in

Barcelona. They developed the BuzzBox, an IoT device designed to continuously monitor the
health of beehives.

» Key Features

Acoustic Analysis: The BuzzBox records hive sounds to detect anomalies such as queen loss,
swarming risk, or environmental stress.

Environmental Sensors: It measures temperature, humidity, barometric pressure, and local

weather conditions.
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Real-Time Alerts: Data is sent to a mobile app, allowing beekeepers to receive instant
notifications when issues arise.

Solar-Powered: The device is equipped with solar panels for energy autonomy.

Easy Installation: It can be placed inside the hive frame or attached externally, and it’s
designed to be weather-resistant.

> Objectives

The main goal is to provide beekeepers with a non-intrusive monitoring tool, reducing the
need for frequent hive openings and enabling rapid intervention when anomalies are detected.
(25)

1.7.2. BeeHealthGuru (USA)
» Overview

BeeHealthGuru is a mobile application developed by Dr. Jerry Bromenshenk and his team at
Bee Alert Technology, Inc. It uses artificial intelligence to analyze hive sounds and detect
potential health issues.

» Key Features

Al-Based Sound Analysis: The app records hive audio and compare it with a sound database
to identify signs of disease, stress, or queen loss.

Fast Diagnostics: Analyses are completed in under 15 seconds on modern smart phones.

Collaborative Learning: Users can submit their recordings and inspection reports to improve
the detection algorithm.

Professional Version: An advanced version targets professional beekeepers, offering extra
features like automatic alerts and regional reports.

> Objectives

BeeHealthGuru aims to provide a globally accessible tool for monitoring hive health using
only a smart phone eliminating the need for costly equipment. (26)

1.7.3. SensorBee (Switzerland)
» Overview

SensorBee is a Swiss-based company specializing in environmental monitoring technologies.
They offer smart, autonomous sensors specifically adapted for beehives to help beekeepers
track key metrics effortlessly.

» Key Features
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Multi-Parameter Sensors: Measure temperature, humidity, hive weight, and vibrations with
high precision.

Wireless Connectivity: Data is transmitted in real time via LoRa or other low-power wireless
technologies.

Plug-and-Play Setup: The system is easy to install and user-friendly, requiring minimal
technical skill.

Durability: Designed for outdoor use in varied weather conditions.
Data Platform: Collected data is visualized through an intuitive dashboard.
» Objectives

SensorBee aims to simplify hive monitoring for both amateur and professional beekeepers. By
offering accurate and real-time insights into hive conditions, the solution helps detect early
warning signs of stress or disease, reducing hive losses and improving colony health. (27)

1.7.4. BeeScanning (Sweden)
» Overview

BeeScanning is a Swedish mobile app that leverages computer vision and Al to diagnose
beehive health from simple photos. It was developed to help beekeepers detect parasites and
diseases quickly and non-invasively.

» Key Features

Al-Powered Image Analysis: Detects the presence of Varroa mites and other abnormalities
directly from Smartphone photos of brood frames.

Non-Intrusive: Eliminates the need for physical sampling or chemical tests.

Cloud-Based Processing: Photos are uploaded and analyzed in the cloud, with results sent
back to the user.

User-Friendly App: Beekeepers simply snap photos with their phones and receive a full
diagnostic report.

Disease Monitoring: Helps track and document the spread of parasites or infection over time.
» Objectives

BeeScanning’s mission is to empower beekeepers with fast, reliable tools for disease
detection. By minimizing the need to disturb hives and providing quick feedback, it improves
hive management efficiency and supports sustainable beekeeping. (28)
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1.8.Conclusion

The survival of bees today depends on the ability to adapt beekeeping practices to new
environmental challenges. The integration of technological tools allows for a better
understanding of colony needs and enables effective responses to climatic variations. By
controlling key parameters such as temperature and humidity, modern beekeeping paves the
way for smarter and more sustainable hive management, supporting both bee preservation and

improved honey production.
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BeeGuard: Smart Connected Hive System

Inspired by bees driving by technology!
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I1.1.Introduction

In the context of climate change and rising global temperatures, maintaining stable thermal
conditions inside beehives has become a key challenge in modern beekeeping. Excessive heat
can lead to significant stress on bee colonies, negatively impacting their health, behavior, and
honey production. This chapter presents the development of an intelligent ventilation system
designed to regulate the internal microclimate of the hive. The system operates autonomously
and responds to thermal variations by activating a ventilation mechanism when necessary. It
also includes a remote control function via a mobile application, allowing beekeepers to
intervene manually when needed. By using this approach, it is possible to reduce the effects of
thermal stress, improve bee comfort, and enhance overall hive performance within the
framework of precision beekeeping.

Il .2.Physical Design of the Hive

The physical design of the smart hive as illustrated in the image below is critical for both
maintaining a healthy environment for the bee colony and ensuring the reliable functioning of
the embedded monitoring system. The structure was conceived to integrate electronic
components seamlessly while preserving optimal biological conditions. The hive was
primarily built using natural, untreated wood, chosen for its excellent thermal insulation
properties and its chemical neutrality, which helps avoid disturbing the bees or contaminating
honey production.

Figure 11.1: Physical Design of the Hive
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11 .2.1.Dual-Roof Smart Hive Design

The smart hive features an innovative dual-roof system specifically designed to optimize
internal climate control and protect the integrated electronics. The outer roof serves as the
primary barrier against external environmental factors such as rain, direct sunlight, and dust.
It also functions as the technical platform, supporting a 5V exhaust fan and a weather-resistant
enclosure that houses the electronic components.

Beneath the outer roof lies the inner roof, which plays a crucial role in regulating airflow into
the hive. This inner structure is equipped with eight circular ventilation holes as can be seen in
the image below, each with a diameter of 5 cm four located on the right side and four on the
left. These holes are strategically positioned to allow the air pushed by the fan to enter the
hive evenly, ensuring effective and balanced ventilation throughout the brood chamber. This
airflow design helps prevent moisture accumulation and overheating, especially during hot
weather conditions.

The dual-roof configuration not only enhances thermal insulation and air circulation but also
creates a buffer zone between the external environment and the sensitive internal hive space.
This separation ensures that the bees are not directly exposed to electronic components or air
currents, maintaining colony comfort while allowing intelligent environmental regulation
controlled by the embedded system.

Figure 11.2: Dual-Roof Smart Hive Design
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I1 .3.Initial Solution: Arduino Uno with DHT11 and Fan

At the beginning of the project, we developed a simple prototype using an Arduino Uno
board, a DHT11 sensor for temperature and humidity measurement, and a fan that was
automatically activated according to environmental readings.

The Arduino Uno is a widely used development board, particularly suited for beginners and
simple electronic applications. However, the Arduino Uno does not have built-in wireless
communication (Wi-Fi or Bluetooth), which is essential for remote monitoring and control in
loT applications. Implementing such features would require external modules like the
ESP8266, which increases hardware complexity, power consumption, and the risk of
instability.

Figure 11.3: Arduino UNO

11 .3.1.1dentified Limitations of the Arduino-Based System
Despite being user-friendly, the Arduino Uno presents several limitations:

> No native Wi-Fi or Bluetooth connectivity

» Limited memory and processing power

» Fewer available GPIO pins

» Additional components needed for 10T capabilities

These drawbacks make the Arduino Uno unsuitable for modern connected systems that
require real-time data transmission and mobile monitoring.

11 .3.2.Migration to ESP32:

To overcome these limitations, we transitioned to the ESP32, a more advanced
microcontroller optimized for loT applications. The ESP32 features a dual-core 32-bit
processor (up to 240 MHz), integrated Wi-Fi and Bluetooth, up to 4 MB of flash memory, and
520 KB of SRAM.
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Its main advantages include:

> Built-in wireless communication (Wi-Fi + Bluetooth)

» Higher processing capabilities and multitasking (FreeRTOS support)
» Low power consumption in deep sleep mode
» Wide compatibility with 10T platforms such as Blynk, and Firebase

» Greater number of GPIOs for enhanced expandability

With these features, the ESP32 enabled us to build a more intelligent, autonomous, and
connected system, perfectly aligned with the needs of a smart agricultural environment like

our loT-based beehive.

Il .4.Features Comparsion Table: Arduino Uno vs ESP32

Specification Arduino Uno ESP32
Microcontroller ATmega328P Xtensa dual-core 32-bit
Clock Speed 16MHZ Up to 240 MHZ
Flash Memory 32KB Up to 4MB
RAM(SRAM) 2KB Up to 520KB
GPIO Pins 14 digital / 6 analog 30+ Configurable GPIOs
WIFI Not integrated Integrated(802.11)
Bluetooth Not available Integrated(Classic+BLE)
Processor Cores Single-core Dual-core
Operating Voltage 5V 3.3V
Power Consumption High Very low (deep sleep supported)
(Sleep Mode)
Multitasking Support No supported Supported with FreeRTOS

IOT Connectivity

Requires external modules

Native support (wifi+Bluetooth)

IOT Platform Compatibility

Limited

Board (Blynk, MQTT, Firebase...)

Price

Lower(5-10)€

Slightly higher(8-15)€

Table 1. 2: Arduino Uno VS ESP32 Features
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Il .5.System Architecture

The system architecture is designed to enable real-time environmental monitoring, intelligent
response mechanisms, and remote access via a mobile platform. It consists of five major
subsystems working in coordination:

11.5.1. Hardware Layer

At the physical level, the system integrates:

11.5.1.1.ESP32

The ESP32 as illustrated in the image below is a low-cost, low-power microcontroller with
integrated Wi-Fi and Bluetooth, developed by Espressif Systems. It is widely used in Internet
of Things (loT) applications because it can collect data from sensors, process it, and send it
wirelessly to other devices or cloud services. Its small size, energy efficiency, and versatility
make it ideal for smart systems like connected beehives, smart homes, or environmental
monitoring. (29)

Figure I1.4: Microcontroller ESP32
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11.5.1.2.DHT11

The DHT11 as presented in the image below is a basic digital sensor that measures both
temperature and humidity. It is widely used in DIY electronics and loT projects due to its low
cost and ease of use. The sensor sends data in digital form, which can be read directly by
microcontrollers like the ESP32. Though less accurate than more advanced sensors. (30)

Figure 11.5: Sensor DHT11

11.5.1.3.DHT11 Features:

Specification

Parameter
Sensor Type Temperature and Humidity Sensor
Temperature Range 0°C to 50°C
Temperature Accuracy +2°C
Humidity Range 20% to 90% HR
Humidity Accuracy +5% HR
Operating Voltage 3.3V to 5V
Max Current Consumption 25 mA
0.3 mA

Average Current

Signal Output

Digital (single-bus protocol)

Sampling Rate

1 reading per second (1 Hz)

Response Time

< 5 seconds

Operating Temperature

0°Cto 50°C

Operating Humidity

20% to 90% HR

Dimensions (module)

Approx. 23mm x 12mm x 5mm

Pins

VCC, GND, DATA

Recommended Pull-up Resistor

5kQ to 10kQ on DATA pin

Table 11.2:DHT11 Features
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11.5.1.4 Cooling Fan

A fan as can be seen in the image below is a mechanical device used to create airflow by
rotating blades, usually powered by an electric motor. Fans are commonly used in ventilation,
cooling, and climate control systems to move air and regulate temperature. In electronic or
environmental systems such as a smart beehive a fan helps circulate air, preventing
overheating and maintaining stable conditions.

Figure 11.6: A 5V cooling Fan

11.5.1.5. Cooling Fan Features

Component Specification Details
Rated Voltage 5V
Operating Current 100 mA — 300 mA

(depends on model)

u
‘ O O I I n g Fan Speed 3000 mAh — 7000 RPM

. 4-10 CFM
F Air Flow
Typical Sizes 18.5CM
Usage

Cooling for electronics,

Table 11.3: Cooling Fan Features
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11.5.2. Control Layer

The ESP32 runs a firmware written in C++ using the Arduino framework. The firmware

handles:
v Data acquisition fromes sensors.
v Local decision-making

v/ Communication tasks using Blynk

11.5.3. Communication Layer

Uses the built-in Wi-Fi module of the ESP32 to send data to the mobile app via the Blynk

platform

11.5.4. Power Management Layer

The image below shows that the system is powered using a power bank wich is a portable
battery device that stores electrical energy and supplies it to other devices via USB or similar
connections. In the context of a smart beehive, a power bank can be used as an energy source
to run small components like a fan, especially in remote areas where direct electricity is not
available. It offers a simple, rechargeable solution for powering low-voltage devices like
microcontrollers or cooling systems, helping to maintain a stable environment inside the hive.

Figure 11.7: A Power Bank
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11.5.4.1.Power Bank Features

Component Specification Details
Output Voltage 5V DC (USB standard)
1A-2.1A
Output Current
P Owe r Capacity 2000 mAh — 20000 mAh
Battery Type Lithium-ion / Lithium-Polymer

Bank

Protection Features Over charge, Overdischarge,

Short Circuit

Charging Interface Micro-USB / USB-C (depends
on model)
Usage Portable power for USB devices

Table 11.4: Power Bank Features

Solar Panel (optional future addition): To enable autonomous outdoor operation.

11.5.5. Application Layer

Users interact with the system through a mobile application that displays data and allows real
time control.

This modular architecture allows for easy upgrades and ensures energy-efficient, continuous
monitoring of the system.
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Figure 11.8: Application Interface (31)

11.6.Electronic System Development

The development process began with a prototyping phase on a breadboard, which provided a
flexible platform for assembling and testing the system's electronic components before
permanent installation. This stage involved the individual testing of key components,
including the ESP32 microcontroller, DHT11 temperature and humidity sensor, 5V
ventilation fan, and a portable power source (power bank).

The objective of this phase was to ensure that each component functioned as expected and to
debug any issues in isolation. The DHT11 sensor was tested for temperature and humidity
accuracy, data stability, and response time under various environmental conditions.
Simultaneously, the ability to reliably switch the fan ON and OFF based on digital signals
from the ESP32 was evaluated, confirming safe operation at the desired current and voltage
levels.

After successful individual validation, the components were connected together into an
integrated circuit on the breadboard as shown bellow. The ESP32 was programmed to
continuously read sensor values, process environmental data, and trigger the relay
automatically when the temperature exceeded 35°C. This integration also included Blynk
platform testing, where widgets such as gauges, buttons, and status indicators were configured

and tested for real-time communication with the ESP32 via Wi-Fi.
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Figure 11.9: Electronic System

11.7.Mobile Application Development

11.7.1. Platform Selection

Blynk was chosen for initial implementation due to:

v' Easy integration with ESP32.
v Pre-built widgets (gauges, charts, and buttons).
v" Cross-platform compatibility (10S/Android).

11.7.2. Functional Features

11.7.2.1. Dashboard Widgets

The Blynk mobile application interface is designed to provide real-time monitoring and
manual control functionalities for the connected smart beehive. It includes digital gauge
widgets that display live readings of temperature and humidity, collected from the DHT11
sensor connected to the ESP32. These visual indicators allow the user to monitor the internal
environment of the hive at any time via the internet.
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Figure 11.10: The digital gauge widgets

In addition to monitoring, a button widget is implemented in the app to provide manual
control over the ventilation fan. This feature allows the user to activate or deactivate the fan
when necessary.

Let the FAN run automatically
or control it manually as
needed -

(. o )

Because smart beekeeping start with smart
monitoring, we're here to help you keep your
Bees safe &thriving

Figure 11.11: The button widget
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To enhance user feedback, a value display widget is also integrated into the interface. It shows
the current status of the fan whether it is ON or OFF. This ensures transparency in the
system's state and improves user interaction by confirming the fan's operational status in real
time.

Fan section «

Automatic cooling to keep
conditions stable f§ 5

FAN_Status 4 (1=ON / 0=0OFF)

1

Figure 11.12: The value display widget
11.7.2.2.Security

To enable secure and authenticated communication between the ESP32 and the Blynk mobile
application, a unique authentication token (Auth Token) is generated by the Blynk platform
when a new project is created in the app. This token serves as a digital key that links the
ESP32 device to the user's Blynk account. The token is manually copied from the app and
embedded into the ESP32's firmware by including it in the source code before uploading it to
the board.

Once programmed, the ESP32 uses this token to connect to the Blynk cloud server over the
internet. During each session, the Blynk server verifies the token to ensure the device is
authorized. This approach prevents unauthorized devices from accessing the system and
allows secure remote control and monitoring through the Blynk app

The mobile app enhances user experience by providing real-time access and control from any
location, promoting proactive system management.

11.8.Perspective

In the future, The BeeGuard system has strong potential for development by adding:

» Add more sensors: such as: -Gas detector (for pollution)
-Vibration detector (for hive disturbances)
-Sound sensor (for stress level of bee activity)
» Use solar energy: to make the system autonomous and environmentally friendly.
» Create a mobile /web platform: to control and monitor multiple hives remotely in real

time.
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» Share data with researchers: to support studies on bee health, climate change and
environmental protection.

» Support commercial use: by offering beekeepers a smart, affordable, and scalable
solution for hive management.

» Adding a relay enables remote control of our connected devices

11.9.Conclusion

The implementation of an autonomous ventilation system for beehives represents a significant
advancement in precision beekeeping. By dynamically responding to internal temperature
changes, the system helps maintain optimal environmental conditions, reduces thermal stress
on the bees, and supports improved honey production. The integration of remote control
through a mobile application enhances flexibility and convenience, allowing real-time
monitoring and manual intervention when necessary. This project demonstrates the value of
applying smart technologies to traditional agricultural practices, improving efficiency and
supporting the well-being of pollinators.
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General Conclusion

The rapid evolution of connected technologies is profoundly transforming the way we live,
produce, and interacts with our environment. Among these innovations, the Internet of Things
(1oT) plays a central role by bridging the physical and digital worlds. This technological
revolution is now impacting various sectors such as healthcare, industry, transportation, and
especially agriculture.

loT provides intelligent solutions that improve efficiency, reduce costs, enhance safety, and
support decision-making through real-time data analysis. In agriculture, its impact is
particularly significant, enabling remote monitoring of crops, livestock, or beehives,
automating repetitive tasks, and optimizing the use of natural resources such as water and
energy. These technologies offer effective responses to major challenges related to
productivity, sustainability, and food security.

Through this project, we have observed the relevance and importance of such tools in the
context of digital transformation.

IoT is no longer a luxury or a convenience it has become a key driver in building a smarter,
more sustainable, and more responsible future. This work represents a modest contribution to
this global trend while opening the door to further innovations and improvements in the
agricultural sector and beyond.
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1- Value proposition: ' da il daddl) -]

1.1 The value we offer to the customer:

Improve bee health and increase the quantity and quality of bess.
Smart monitoring of beehive condition (Temperature & Humidity).
Reducing stress and losses to bees.

System that can be adapted to multiple types of beehives.

Saves beekeepers time and costs.

Y V. V V V VY

Optimizations of Beekeeping interventions.
>

1.2 What other projects have been targeted for the same problem and implemente:

1.2.1At national Level:

The market is completely untapped, presenting a great opportunity for innovation and growth.
1.2.2At international Level:

1.2.2.1Pollentity (Beebot)

Pollenity, a Bulgaria-based technology company formerly known as Bee Smart Technologies,
has developed an advanced hive monitoring device called the Beebot. This compact, solar-
powered I0T device is installed inside traditional beehives and equipped with sensors that

measure temperature humidity, hive weight and acoustic activity.
1.2.2.2BEEP

BEEP, an open-source initiative from the Netherlands, provides a comprehensive digital
platform for remote hive monitoring and management. Its core solution includes a mobile and
web application combined with a hardware device called the BEEP base, which is equipped
with sensors to measure key environmental indicators within the hive, such as temperature,

humidity, sound (vibration), and hive weight.
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1.2.2.3Bee2Beep

This startup develops a remote hive monitoring system based environmental and behavioral

sensors, accompanied by an intuitive web and mobile platform for visualizing the data.

2- Customer segments: :@_ ﬂf ,3 ﬂ.ﬂ

W

.
ﬁ% s ard) ) ydi-2

Professional and amateur beekeepers.
Agricultural cooperatives.

Environmental research and studies centers.
Civilized beekeeping projects.

Organic honey production companies.
Honey producers and Agri-Businesses

YV V. V V V V V

Veterinary and apicultural technicians

Who do we create value for?

Beekeepers: by enabling real-time monitoring of hive conditions to ensure colony health and

respond promptly to anomalies.

Beekeeping cooperatives: by providing accurate data to enhance honey yield and streamline

production planning.

Veterinary and research professionals: by offering reliable environmental and behavioral
indicators to support early disease detection and informed decision-making.

Smart agricultural systems: by integrating connected hives to improve operational efficiency,

reduce losses, and support sustainable beekeeping practices.




Y&l [2025]

3- Customer Relationship:

g anl) e Ci8Nal)-3

7 7

» Technical support and guidance for installation and usage.

» Tutorial video on how to use the product
» Warranty and maintenance for a specific period

» Software updates

4- Channels:

Beekeeper’s associations and agriculture fairs
E-commerce platforms

Social media platforms

Awareness and educational days

Exhibitions

YV V. V V V V

Advertisements

Preferred Distribution Channels by the Customer:

> Direct sales

» Online sales

» Mobile/web applications

1l gial)-4

> Distribution through specialized agricultural equipment stores
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5- Key partners: Eéﬁ:/ ﬁ =§ - A ] S S5

>

National electronic component :

e Arduino 1001 ,Oran

e Dz Automation ,Oran

e Tikno Dz, Béjaia

e Power Tech, Blida
Local carpenters or woodworking workshops(for beehive boxes)
Agricultural cooperatives and beekeepers (for field tasting of the project)
Business incubator, universities, and research centers
Mobile app development
loT Services

Agricultural tool suppliers

nd

6- Key activities: ¢ Ve Q s Jl) AiiY-6
))i\i- v- Di\i-

YV V. V V V V

>

System design and component integration
Application development

Creating a prototype ready for field testing
Hive adaptation and structural modification
IOT firmware programming

User feedback and iteration

Quality control and safety testing

6-1-Secondary activities

>
>
>
>

Marketing and communication
Training and user support
Customer service and maintenance

Business development
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7- Key Resources:

7.1-Material Resources :

sl 3 ) gal) 7

Suppliers

.JJ)AS\

Local or Foreign Source Resources

JJ“}AM

Electronic

Components

Suppliers

Carpenter

Mercerize

3D Printing Workshops

Foreign ESP32 Microcontroller
DHT11 Sensor
Power Bank(Battery)
Relay
5V Fan
Jumper Wires

Local

Beehive Box
Local
Insecto net
Drill
Glue
Local

Protective enclosures

7.2-Humain Resources:

Number Humain Resources Categorize
1 Application Developer
1 Beekeeper
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8- Cost Structure :

8.1-Structure Costs:

/

50.000

300.000

/

/

30.000

300.000

/

/

500.000

150.000

[2025]

i) Jsa-g
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100.000

Stock de matieres et produits
S ALl cadlss

10.000

trésorerie de départ

£ sl gy B Aaliag 1) ((ggaiuall ) g8l (ghail)

Composants électroniques

4 g Sy il g<al)

The Total =1 431 000DA

8-2 Our project expenses or fixed costs:

72.000

Assurances
Qligam\

37.200

Téléphone, internet

) 5 i)

30.000

Autres abonnements

s Al als) il

60.000

Carburant, transports
SR ST g 3 g8 g1

100.000

Frais de déplacement et hébergement
Copal) g Jaiil) CallsS

50.000

Eau, électricité, gaz
) ol sl — elall ) 8

Mutuelle
dolaiay) Ldlail)

20.000

Fournitures diverses

e gila a il

30.000

Entretien matériel et vétements
Cadhall g caral) Ailua

Nettoyage des locaux
) A

300.000

Budget publicité et communication
aNLaiN g SeY) ) jua

The Total = 672 200DA
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8-3 Salaries of employees and civil servants:

Ol sal) il g
Salaires employés

Ol gall sal Ala
Rémunération nette
dirigeant

9- Revenue Streams ° ) pY) abae-10

9.1-Total Revenue:

Lagdll ol
2*30*12=720 datiall Clas gl 2ae
1.5000 / unite * 720 &
10800 000 Adlaa ) ol ¥ = dadiall Clas gl aae X il jan

v As part of our smart beehive project, we plan to sell 720 connected hives per year,
each priced at 15,000 DZD, generating annual revenue of 10,800,000 DZD (720 x
15,000 DZD).

v In addition, each hive requires a monthly subscription to the mobile application,
charged at 1,000 DZD per hive.

v For all 720 hives, this results in an additional annual income of 720,000 DZD

(1,000 DZD x 720 hives x 12 months)

v Therefore, by combining hive sales and app subscriptions, the total estimated annual
revenue amounts to (720,000+10,800,000)

Total =11,520,000 DZD

9.2- Revenue Sources:

System sale

Monthly or yearly subscription to the application
Collaborations with Beekeepers

Additional Services (Installation, maintenance, consultation
Partnerships with agricultural equipment store

YV V V V VYV V

Wholesale for distributors
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