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Abstract 

     At the present time, with the great technological development that we are witnessing, it has become necessary 

to combine technology in daily life in modern societies, as technological developments advance daily and 

intervene in all areas of life. This thesis presents a smart greenhouse project designed for semi-arid areas with 

remote control capabilities, in the context of smart agriculture. 

      This thesis aims to benefit from the technologies of the Internet of Things (IoT) and Arduino by designing an 

integrated, automatic system that controls climatic conditions inside the greenhouse, to facilitate agriculture, 

provide the ideal environment, and develop sustainable development. The goal of this project is to design and build 

a functional a smart greenhouse adapted to semi-arid regions. This prototype serves as a foundation for a potential 

future product that could be commercialized to support sustainable agriculture, with the long-term goal of 

launching a startup that offers smart farming solutions.to reduce excessive water consumption, maintain plant 

humidity, and increase yields, thus reducing the manual workload of farmers. Smart greenhouses offer an effective 

solution for farmers and individuals seeking to increase crop yields and reduce manual labor. These automated 

systems enable users to monitor and control climate factors remotely, promoting food security and more efficient 

resource use. This is made possible through the integration of advanced technologies such as the Internet of Things 

(IoT). 

KEYWORDS: Smart Greenhouses, Automation, Semi-Arid Areas, Control, the Internet of Things (IoT), Arduino, 

Sensor. 

Résumé 

     À l’heure actuelle, avec le grand développement technologique auquel nous assistons, il est devenu nécessaire 

de combiner la technologie dans la vie quotidienne des sociétés modernes, car les développements technologiques 

progressent quotidiennement et interviennent dans tous les domaines de la vie. Ce mémoire présente un projet de 

serres intelligentes dans les zones semi-arides avec télécommande dans le contexte de l’agriculture intelligente. 

      Ce mémoire vise à bénéficier des technologies de l’Internet des objets (IoT) et d’Arduino en concevant un 

système automatique intégré qui contrôle les conditions climatiques à l’intérieur de la serre, pour faciliter 

l’agriculture, fournir l’environnement idéal et développer le développement durable. L’objectif est de concevoir et 

mettre en œuvre un prototype de système de serre intelligent et automatique pour une utilisation dans les zones 

semi-arides, afin de réduire la consommation excessive d’eau, maintenir l’humidité des plantes et augmenter les 

rendements, réduisant ainsi la charge de travail manuelle des agriculteurs. Les serres intelligentes sont la solution 

pour les agriculteurs et même les personnes qui veulent augmenter les rendements et réduire les charges manuelles. 

Ces serres intelligentes automatisées offrent un moyen efficace pour les gens de contrôler et de superviser à 

distance les facteurs climatiques, favorisant ainsi la sécurité alimentaire des cultures et une utilisation plus efficace 

des ressources. Et à travers des technologies avancées comme l’internet des objets et Arduino. 

MOTS-CLÉS : Serres intelligentes, automatisation, zones semi-arides, contrôle, l’Internet des objets (IoT), 

Arduino, Capteur. 

 مهخص
فً الوقت الحاضرَ مع التطور التكنولوجً الكبجر الذي نشودهَ أصبخ من الضروري دمج التكنولوججا فً الحجاة الجومجٌ فً المجتمعات 

شبى حديثٌَ حجث تتقدم التطورات التكنولوججٌ يومجاً وتتددل فً جمجع مجاِت الحجاة. تقدم هذه الأطروحٌ مشروع دفجُات ذكجٌ مصممٌ للمناطق ال
 .القاحلٌ مع إمكانجات التحكم عن بعدَ فً سجاق الزراعٌ الذكجٌ

من دّل تصمجم نظام متكامل وآلً يتحكم فً الظروف  Arduino و (IoT) إلٍ اِستفادة من تقنجات إنترنت الأشجاء المذكرةتودف هذه 
جٌُ ذكجٌ المنادجٌ دادل الدفجٌَُ لتسوجل الزراعٌ وتوفجر البجٌُ المثالجٌ وتطوير التنمجٌ المستدامٌ. الودف من هذا المشروع هو تصمجم وبناء دف

ستقبلً محتمل يمكن تسويقى لدعم الزراعٌ المستدامٌَ مع هدف وظجفجٌ تتكجف مع المناطق شبى القاحلٌ. هذا النموذج الأولً هو أساس لمنتج م
يادة الػلٌَ طويل الأمد يتمثل فً إطّق شركٌ ناشٌُ تقدم حلول الزراعٌ الذكجٌَ لتقلجل اِستوّك المفرط للمجاهَ والحفاظ علٍ رطوبٌ النباتاتَ وز

راعجٌ الذكجٌ حًّ فعاًِ للمزارعجن والأفراد الذين يسعون إلٍ زيادة غلٌ وبالتالً تقلجل عبء العمل الجدوي علٍ المزارعجن. توفر الصوبات الز
الػذاًُ  المحاصجل وتقلجل العمل الجدوي. تتجخ هذه الأنظمٌ الآلجٌ للمستددمجن مراقبٌ العوامل المنادجٌ والتحكم فجوا عن بعُدَ مما يعزز الأمن

 .(IoT) من دّل دمج تقنجات متقدمٌ مثل إنترنت الأشجاء واستددام الموارد بشكل أكثر كفاءة. وقد أصبخ ذلك ممكناً 
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General Introduction 

     The smart greenhouse is an innovative agricultural structure adaptable to various crops and climatic 

conditions, harnessing advanced technology to improve plant growth conditions, which integrates a variety of 

IoT technologies, automated systems, sensors and data analytics to create a highly efficient and responsive 

growing environment. This integration allows real-time monitoring and management of critical factors such as 

temperature, humidity, light levels, soil moisture and carbon dioxide, ensuring that plants have optimal growing 

conditions at all times. 

     The concept of smart greenhouses is rooted in the need to address the challenges faced by modern 

agriculture, including climate variability, resource scarcity, and the increasing demand for food. As the world's 

population continues to rise, the pressure on agricultural systems to produce more food with fewer resources 

becomes more pronounced. Smart greenhouses offer a solution through the use of technology to maximize 

resource efficiency, reduce waste, and improve crop productivity. By automating processes such as irrigation, 

ventilation and heating, these greenhouses not only save time and labor, but also reduce the environmental 

impact of agriculture. 

 

     Furthermore, smart greenhouses are designed to be adaptable to various crops and growing conditions, 

making them suitable for a wide range of agricultural applications. Whether used for commercial production, 

research or urban gardening, smart greenhouses can be designed to meet specific needs and goals. The ability to 

collect and analyze data allows farmers to make informed decisions, leading to better management practices 

and improved crop performance. 

 

     In addition to their practical benefits, smart greenhouses also represent a shift towards more sustainable 

farming practices. By reducing dependence on chemical fertilizers and pesticide
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Chapter I : General Overview of Smart 

Greenhouses in Semi-Arid Regions 

 
I. 1 Introduction 

In recent years, agriculture has undergone a major transformation due to technological 

advances [1]. This transition is particularly crucial in areas facing environmental and climatic 

constraints, such as semi-arid regions. These areas, which are characterized by erratic rainfall, 

high temperatures, and water loss, impose several restrictions on traditional agricultural 

practices. To ensure food security, promote sustainable agriculture, and improve plant growth 

conditions, it is necessary to find innovative solutions [2]. Among the most promising 

approaches is the integration of Internet of Things (IoT) and Arduino technologies into 

agricultural systems [3]. This chapter presents the motivation behind the study, identifies 

existing challenges, identifies the main objectives of the proposed project, and provides an 

overview of the smart greenhouse system and the methodology used to design and implement it. 

I. 2 Definition of Smart Greenhouse 

A smart greenhouse is an innovative advanced agricultural structure that is adaptable to 

different crops and climatic conditions, using automated systems, sensors, and data analytics 

systems to create and improve a highly efficient and responsive growing environment for the plant 

optimize plant, while reducing the use of resources (water, energy, and fertilizers). Unlike 

traditional greenhouses, smart greenhouses integrate Internet of Things (IoT), artificial 

intelligence (AI) technologies, and climate control systems to monitor and adjust environmental 

conditions (temperature, humidity, light, carbon dioxide, and soil moisture) in real time through 

sensors, actuators, and controllers. 

 

 

 

 

 

 

 

 

 

 

 



Chapter I : General Overview of Smart Greenhouses in Semi-Arid Regions 

University of GHARDAIA 18 

 

 

 

 

Figure I-1: Smart Greenhouse System [1]. 

 

 

I. 3 History of Smart Greenhouse 

The development of smart greenhouses represents a remarkable technological journey that 

parallels humanity's agricultural and industrial advancements. This history can be divided into 

distinct eras: 

Mechanization Era (Early-Mid 20th Century) : 

1927: First automated ventilation systems introduced in Dutch greenhouses. 

1940s: Widespread adoption of polyethylene film (developed for WWII) as cheaper       

alternative to glass. 

 

Digital Transformation (Late 20th Century) : 

1980s: Microprocessors enable basic environmental control systems. 

1995: First commercial greenhouse climate computers introduced (Priva, Hoogendoorn). 

1998: Early adoption of hydroponics in Dutch greenhouse operations. 

 

Smart Greenhouse Revolution (21st Century) : 

2005-2010: Integration of IoT sensors for environmental monitoring. 

2007: First solar-powered greenhouse prototype (University of Arizona). 

2012: Emergence of cloud-based greenhouse management platforms. 
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Figure I-2: priva greenhouse climate 
computers [2]. 

Figure I-3: University of Arizona 
greenhouse prototype [3]. 

Figure I-4: AeroFarms [4]. Figure I-5: quantum dot-enabled 
smart glass greenhouses [5]. 

 

2014: Commercial launch of vertical farming greenhouses (AeroFarms). 

2015: Widespread adoption of LED grow lights with spectral tuning. 

2018: AI-powered predictive climate control systems. 

2020s: Fully autonomous greenhouses with robotic harvesting. 

2021: First quantum dot-enabled smart glass greenhouses. 
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I. 4 the main causes and challenges facing agriculture in semi-arid areas 

Agriculture in semi-arid regions faces significant obstacles due to climatic conditions, water 

scarcity, and environmental degradation. Below are the primary causes and challenges: 

✓ Water Scarcity and Erratic Rainfall: Low and unpredictable rainfall rates, high 

evaporation rates, frequent droughts leading to poor yields, and water pressure on crops and 

plant wealth. 

✓ Soil Degradation and Erosion: Overgrazing, deforestation and unsustainable agricultural 

practices lead to loss of arable land, desertification and reduced agricultural productivity. 

✓ Poor Soil Quality: Semi-arid soil lacks organic matter and nutrients, is less fertile and 

suitable for growing crops. Consequently, agricultural flexibility decreases and agricultural 

diversity decreases. 

✓ High Temperatures and Extreme Weather: Climate change is intensifying heat waves 

and temperature fluctuations. Hence, thermal stress on crops and plant wealth led to 

increased water demand and decreased growing seasons. 

✓ Limited Access to Modern Farming Techniques: Small farmers often lack knowledge, 

technology or financial resources. This leads to a decrease in the adoption of drought-

resistant seeds, effective irrigation, and smart farming methods. 

✓ Pests and Diseases: Warm, dry conditions favour the appearance of certain pests (such as 

locusts) and crop diseases. This results in crop losses, increased pesticide use, higher 

production costs and food insecurity. 

✓ Economic and Infrastructure Constraints: Poor market access, lack of storage facilities 

and limited government support. They cause post-harvest losses, reduced profitability, food 

waste and economic instability. 
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Figure I-6: Smart Greenhouse in Semi-Arid Regions [6]. 

 

I. 5 Environmental Conditions in Greenhouses 

The growth of plants in greenhouses requires special climatic conditions. These conditions are 

presented in a general way below: 

I. 5. 1 Temperature 

 
 Challenges: 

Excessive daytime heat (requires cooling). 

Cold nights (requires heating in winter). 

 

 Control Methods: 

Cooling: Shade nets, evaporative cooling pads, ventilation (natural or fan-assisted). 

Heating: Geothermal systems, biomass heaters, or solar thermal collectors. 

 

I. 5. 2 Humidity 

 Challenges: 

     High humidity → Fungal diseases (e.g., powdery mildew). 

     Low humidity → Water stress (common in arid regions). 
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 Control Methods: 

     Increase Humidity: Misting systems, foggers, or water evaporation. 

     Reduce Humidity: Dehumidifiers, ventilation, or heat exchangers. 

 

I. 5. 3 Light (Solar Radiation) 

 Challenges: 

     Excessive sunlight → Leaf burn, overheating. 

     Low light in winter → Slow growth. 

 

 Control Methods: 

     Reduce Light: Shade nets, whitewashing, or retractable screens. 

     Increase Light: LED grow lights (for cloudy days or winter). 

 

I. 5. 4 Carbon Dioxide (CO₂) Levels 
 

 Challenges: 

     Low CO₂ in sealed greenhouses (limits growth). 

     High CO₂ waste if not regulated. 

 

 Control Methods: 

     CO₂ generators (burning propane, natural gas). 

     Ventilation (to replenish CO₂ naturally). 

 

I. 5. 5 Air Circulation & Ventilation 
 

 Challenges: 

     Stagnant air → Mold, weak plant stems. 

     Excessive wind → Crop damage (in naturally ventilated greenhouses). 

 

 Control Methods: 

       Horizontal Airflow Fans (HAF) → Improves circulation. 

       Automated Roof/Side Vents → Regulates airflow. 
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Figure I-7:Cooling system 
[7]. 

Figure I-8:Dehumidification 
system [8]. 

Figure I-9:lighting 
systeme [9]. 

Figure I-10:Natural 
ventilation system [10]. 

Figure I-11: irrigation 

system [11]. 

 

 

I. 5. 6 Soil Moisture 

 Challenges: 

       Excessive moisture → Root rot, fungal diseases, oxygen deprivation. 

       Insufficient moisture → Plant wilting, stunted growth, yield loss. 

       Uneven distribution → Dry spots or waterlogged zones in the same greenhouse. 

 

 Control Methods: 

     Reduce Moisture: Automated drainage systems, dehumidifiers or increased ventilation. 

     Increase Moisture: Drip irrigation with soil moisture sensors, subsurface watering or capillary 

mats. 

     Smart Monitoring: IoT enabled sensors + AI-based irrigation scheduling, Self-regulating   

hydrogels in growing media. 
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I. 6 Types of Greenhouses in Semi-Arid Regions: 

In semi-arid regions, greenhouses must balance temperature control, water efficiency, and 

durability to withstand hot days, cool nights, and occasional strong winds. The most popular 

greenhouse structures in these areas are: 

 

Table I-1: Types of Greenhouses. 

Feature Quonset 

Greenhouse 

Garden 

Greenhouse 

Multi_chapel 

Greenhouse 

Geothermal_ 

cooled Dome 

Structure Semi-circular 

hoops 

Rectangular frame Peaked roof bays  Geodesic dome 

Covering 

Material 

Polyethylene film Polycarbonate/glass Glass/polycarbonate ETFE membrane 

/geothermal pipes 

Cost (per sqft) $5-$15 $15-$40 $30-$100 $80-$200 

Lifespan 3-8 years 10-15 years 25-30 years 30+ years 

Energy Use Low Moderate High Ultra-low (60-

75% savings) 

Cooling 

Efficiency 

Basic Moderate Good Excellent (no AC 

needed) 

Best Climate Arid/coastal Semi- arid All climates Extreme hot/dry 

climates 

Automation Basic Moderate Advanced AI-optimized 

Best For Seasonal 

vegetables 

Home gardening Commercial crops Desert agriculture 

Unique Feature Wind-resistant Space-efficient High productivity Self-cooling 

architecture 
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Figure I-12:Quonset 
Greenhouse [12]. 

Figure I-13:Garden 
Greenhouse. 

Figure I-14:Multi_chapel 
Greenhouse [13]. 

Figure I-15:Geothermal_ 
cooled Dome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I. 7 The Advantages of Greenhouse Automation 

Greenhouse automation offers the following advantages:  

 Maintaining and controlling an internal temperature in the greenhouse environment to protect 

plants from high temperatures, and to avoid damaging plants. 

 Protecting plants from diseases, and maintaining the health and prosperity of plants by providing 

the best possible growing environment. 

 Providing vegetables and flowers outside the regular season and during periods of absence 

(production throughout the year in harsh climates). 

 The automatic control system can monitor all environmental changes, equipment status 

and malfunctions in real time. 

 monitor conditions such as humidity fluctuations, safety violations, heating, fan, equipment and 

power outages. 
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 Monitor the greenhouse remotely and stay informed of weather conditions. 

 Lower labor costs through automation. 

 

Greenhouse automation transforms semi-arid agriculture by maximizing efficiency, 

sustainability, and profitability [4] . It’s a game-changer for food security in water-scarce 

regions. 

Figure I-16: Smart Automatic Greenhouse [14]. 

I. 8 Project Objectives  

This project aims to design a low-cost smart Greenhouse based on Arduino and IOT 

technology and specifically designed for semi-arid regions, with the following objectives: 

Automatic Climate Control: 

Maintain optimal temperature and humidity with Arduino-powered motors.  

Water Saving Irrigation: 

     Deploy soil moisture sensors to operate irrigation only when needed, reducing water use by 

≥40%.  
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Real-Time Monitoring: 

Transmission of sensor data to a cloud platform (MQTT Explorer) for remote access via 

smartphones. 

Scalability: 

Designing a modular system that is adaptable to small farms and scalable in the future [5].  

 

I. 9 Conclusion 

In conclusion, this chapter allowed us to learn about the environmental conditions of semi-

arid regions, as well as to learn about the smart greenhouse, its types, the necessary requirements 

within it, its importance and its advantages. We have seen that growing inside smart greenhouses 

instead of traditional agriculture provides higher productivity, conserves water, and creates 

favorable climate conditions for plants to grow faster. 

We also found that the smart greenhouse is one of the modern solutions, but it requires careful 

planning and analysis by specialists to determine the appropriate situation for the crops [6], that 

will be planted before starting investment. 
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Chapter II: IoT Technologies for Smart 

Greenhouses in Semi-Arid Regions 

II.1 introduction 

The way we interact with the world around us has completely changed thanks to Internet of 

Things (IoT) technology and microcontrollers like Arduino. Which has improved comfort, 

efficiency and connectivity in our lives everywhere from our homes to our workplaces. The 

management of greenhouse systems is one area where the Internet of Things and 

microcontrollers are having a significant impact. Better yields, lower costs, year-round crop 

production and a more sustainable future can be achieved by monitoring and providing an ideal 

environment for plants to grow within the greenhouse. This chapter provides an in-depth study of 

the following: 

 Concepts and infrastructures Internet of Things technology and the Arduino 

microcontroller. 

 Its applications in agriculture.  

 Integrated IoT and Arduino solutions for the intelligent management of greenhouses 

[7]. 

 Current challenges and future technological trends.  

 

II.2 Definition of The Internet of Things 

The Internet of Things, or IoT, is a network of interconnected devices that connect and 

exchange data with other IoT devices and the cloud. IoT devices are typically embedded with 

technology such as sensors and software and can include mechanical and digital machines and 

consumer objects [8]. 

     These appliances include everything from everyday household items to complex industrial 

tools. Increasingly, organizations in a variety of industries are using IoT to operate more 

efficiently, provide improved customer service, improve decision-making and increase business 

value [8]. 

With the Internet of Things, data can be transmitted over a network without the need for 

human-human or human-computer interactions [9]. 
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An object in the Internet of Things could be a car with built-in sensors, AI voice assistants like 

Alexa, or any other man-made object that can be assigned an Internet [10], Protocol address and 

can transmit data over a network [8].
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II.3 Application Areas of IOT 

The potential offered by the Internet of Things and its ubiquitous aspect make it possible to 

develop numerous applications [11]. However, only a few applications have been published at 

the moment. The use of the Internet of Things will allow the development of many smart 

applications in the future that will mainly affect: 

• Smart Cities & Urban Infrastructure. 

• Smart Homes & Building Automation. 

• Energy & Utility Management. 

• Transportation & Logistics. 

• Healthcare & Medical IOT (IOMT). 

• Industrial IOT (IIOT) & Smart Manufacturing. 

• Smart Agriculture & Precision Farming. 

In order to measure or detect media, sensors send an output signal, and have the ability to 

display, record and/or control the process of changing media attributes to suit the application. 
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Figure II-1: Application areas of The Internet of Things [15].
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II. 4 Internet of Things (IOT) in Agriculture 

II. 4. 1 IOT System Architecture for Smart Greenhouses 

A comprehensive IoT architecture for agricultural applications consists of four distinct layers: 

 Perception Layer : 

Environmental sensors (DHT22, BME280). 

Soil monitoring probes (capacitive moisture, NPK sensors). 

Crop health sensors (multispectral, thermal imaging). 

Actuators (solenoid valves, servo motors, relays). 

 Network Layer: 

 Communication Protocols: 

Short-range (Bluetooth, Zigbee). 

Medium-range (LoRaWAN, WiFi). 

Long-range (GSM, NB-IoT). 

 Gateway Devices (Raspberry Pi, ESP32): 

 Cloud Processing Layer: 

Data storage (AWS IoT, Google Cloud). 

Analytics platforms (ThingSpeak, Node-RED). 

Machine learning models for predictive analytics. 

 Application Layer: 

User interfaces (mobile apps, web dashboards). 

Alert systems (SMS, email notifications). 

Automated control algorithms. 

 

II. 4. 2 IOT Applications in Semi-Arid Smart Greenhouses 

 
 Climate Control Automation: 

 Temperature regulation: 

    Temperature-triggered ventilation control using threshold logic 

    Evaporative cooling systems 

    Thermal curtain management 
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 Humidity optimization: 

Fogging systems with RH feedback. 

Condensation prevention algorithms. 

 Precision Irrigation Management: 

Soil moisture-based scheduling. 

Plant evapotranspiration models. 

Fertigation integration (pH/EC control). 

 Energy Optimization: 

Solar-powered sensor nodes. 

Duty cycling for power conservation. 

Predictive lighting control. 

Figure II-2: The Internet of Things in Smart Greenhouse [16]. 
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II. 5 Definition of Arduino 

Arduino is an open-source electronics platform based on easy-to-use hardware (microcontroller 

boards) and software (Integrated Development Environment - IDE) [12]. It is designed for 

prototyping interactive projects, enabling users to read inputs (from sensors, buttons, etc.) and 

control outputs (motors, LEDs, displays, etc.) through programmable logic. 

 

 

 

 

 

 

 

 

 

 

Figure II-3: Types of Arduino Boards [17]. 

II. 6 Key Features of Arduino 

 Hardware Components: 

Microcontroller (ATmega328P in Arduino Uno). 

Digital & Analog I/O Pins (for connecting sensors & actuators). 

USB Interface (for programming & power). 

Power Options (USB, battery, or external power supply). 

 Software (Arduino IDE): 

Simple C/C++ based programming. 

Cross-platform (Windows, macOS, Linux). 

Library Support (thousands of pre-written codes for sensors & modules). 

Serial Monitor (for debugging & data logging)
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 Open-Source Ecosystem: 

Community-driven development (free schematics & code sharing). 

Compatible with third-party shields (expansion boards for Wi-Fi, GPS, motor control, etc.). 

II. 7 The Different Types of Controller Hardware  

Microcontroller Clock Speed Flash Memory Key Features 
Greenhouse 

Applications 

Arduino Uno 16MHz 32KB 
14 Digital I/O,  

6 Analog 

Basic monitoring 

Arduino Mega 16MHz 256KB 
54 Digital I/O,  

16 Analog 

Multi-zone control 

ESP32 240MHz 4MB WiFi/BT IoT edge node 

Arduino Nano 16MHz 32KB Compact Sensor modules 

Table II -1: The Different types of Microcontrollers. 

II. 8 Applications of Arduino 

Arduino is a versatile open-source electronics platform used across industries for prototyping 

and developing interactive projects [13]. Here’s his key application: 

 Home Automation (smart lights, security systems). 

 Robotics (motor control, sensor-based navigation). 

 IoT Projects (weather stations, smart agriculture). 

 Wearable Tech (fitness trackers, health monitors). 

 

 

 

 

 

 

Figure II-4: Smart Home with Arduino [18].                               Figure II-5: Arduino Robotic Arm [19].
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II. 9 Integrated IOT-Arduino Solutions 

II. 9. 1 System Architecture for Semi-Arid Regions 

 Key Design Considerations : 

Solar power Autonomy (72-hour backup). 

Soil moisture-based watering (saves 40-60% water). 

Dust-proof sensor enclosures. 

Redundant communication (LoRa + GSM). 

Real-time dashboards (ThingSpeak, Blynk). 

SMS alerts for critical events (frost, dry soil). 

 Data Flow : 

Figure II-6: Datasheet Arduino uno. 

II. 9. 2 Performance Metrics 

Parameter Traditional IoT-Arduino  Improvement 

Water Use 45 L/m²/day 18 L/m²/day 60% 

Yield 8 kg/m² 12 kg/m² 50% 

Energy 5 kWh/day 2.3 kWh/day 54% 

Labor High Low (automated) Good 

Climate Resilience Low High Good 

Table II -2: Comparison between the Performance of Traditional & using IOT. 
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II. 9. 3 Case Study: Implementation in Algeria 

Location: University of Tebessa (semi-arid region) [14]. 

Results: 

Reduce water consumption by 70-90%  

Barley production increased by 26% 

Energy saving 9%   [14]. 

 

 

 

 

 

 

 

Figure II-7: Comparison between Smart Greenhouse and traditional [20]. 

II. 10 Challenges and Future Directions 

 
II. 10. 1 Implementation Barriers 

 
 Technical: 

Sensor calibration drift. 

Power management in remote areas. 

Data latency issues. 

 Socioeconomic: 

      High initial investment ($15/m²). 

      Technical training requirements. 

      Cybersecurity concerns. 

II. 10. 2 Emerging Technologies 

 

 Edge AI for real-time decision making. 

 Blockchain for supply chain integration. 

 Digital Twins for predictive modeling. 

 Robotics for automated harvesting.
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II. 11 Conclusion 

The integration of IoT technologies provide cost-effective and scalable solutions for smart 

greenhouses and transformative improvements for agriculture in semi-arid regions. By 

combining real-time monitoring, automation, and renewable energy, these systems provide 

several benefits, the most important of which are: 

 Careful management of resources (water, energy, nutrients). 

 Enhancing crop productivity by improving microclimates. 

 Climate adaptability in the face of extreme weather patterns [15]. 

Future developments in artificial intelligence, robotics, and renewable energy integration will 

further enhance the capabilities of smart greenhouse systems, making them indispensable for 

sustainable agriculture in water-scarce regions such as semi-arid regions. 

. 
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Chapter III : Hardware, Software & Development 

Environment 

III. 1 Introduction 

This chapter details the hardware architecture and software framework of the IoT-based smart 

greenhouse system. The system integrates Arduino-based sensors, actuators, and cloud 

connectivity to enable automated monitoring and control of environmental parameters. The 

design focuses on real-time data acquisition, energy efficiency, and scalability. 

 

III. 2 Hardware Components 
 

     In this section, we will discuss in detail the hardware components used in the project. We will 

give an illustrative description of each component and its particular functions. The hardware 

components used in the project are as follows: 

III. 2. 1 Core Controller: Arduino Uno 

 
The Arduino Uno is an open-source microcontroller development board widely regarded as 

the flagship model in the Arduino ecosystem. Designed for ease of use, flexibility, and 

accessibility, it serves as an ideal platform for beginners, hobbyists, and professionals in 

electronics, robotics, and embedded systems [12].  

III. 2.1.a) Technical Specifications: 

 

• Microcontroller: ATmega328P (8-bit AVR architecture). 

• Operating Voltage: 5V (regulated from input supply). 

• Recommended Input Voltage: 7–12V (via DC barrel jack or Vin pin). 

• Analog Input Pins: 6. 

• Digital I/O Pins: 14 (with 6 capable of Pulse-Width Modulation (PWM) for analog-

like output). 

• DC Current per I/O Pin: 20 mA (40 mA max, but not recommended for prolonged 

use). 

• Flash Memory: 32 KB (0.5 KB used by bootloader). 

• SRAM (Dynamic Memory): 2 KB (for variable storage during execution). 
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• EEPROM (Non-volatile Memory): 1 KB (for storing data after power-off). 

• Clock Speed: 16 MHz 

• USB Connection: For programming and power (via USB Type-B). 

• Communication Protocols: UART (Serial) – Via USB or pins 0 (RX) and 1 (TX). 

• Power Pins: 

5V – Regulated output for external components. 

3.3V – Limited current (150 mA max). 

GND – Ground connections. 

Vin – Raw input voltage (if not using USB). 

• Reset Button: Manually restarts the microcontroller. 

• ICSP (In-Circuit Serial Programming) Header: Allows direct flashing of the 

ATmega328P without the bootloader. 

 

 

 

 

 

 

 

 

 

 

 

Figure III-1: Diagram of Arduino Uno [17]. 
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III. 2. 2 The Different Types of Sensors 

 

III. 2.2.1 OUTDOOR SENSORS 

III.2.2.1.a) Light Sensor: 

 Definition: 

 The GL-5528 is a light-dependent resistor (LDR) or photoresistor commonly used to detect 

light intensity in electronic circuits. It changes its resistance based on the amount of light it 

receives, making it useful for light-sensing applications like automatic night lights, solar trackers, 

and brightness control systems [16]. 

 How the GL-5528 Works: 

The GL-5528 changes its resistance based on light intensity: 

Bright light → Low resistance (~1kΩ to 10kΩ) 

Darkness → High resistance (~100kΩ to 1MΩ or more) 

Often It is commonly used in light-sensing projects like automatic night lights, solar trackers, etc. 

 

 

 

 

Figure III-2: GL-5528 Sensor [21]. 

 

III.2.2.1.b) Rain Sensor: 

 Definition: 

 The YL-83 is a rain detection sensor module commonly used in Arduino and other 

microcontroller-based projects to detect rainfall or water presence. It consists of a conductive 

sensing pad that reacts to water and a control board with a comparator circuit for digital and 

analog output.
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 Key Features of YL-83: 

• Rain Sensing Pad: 

A PCB with exposed copper traces that change resistance when water droplets bridge them. 

More water → Lower resistance → Higher conductivity. 

• Analog & Digital Output: 

Analog Output (A0): Provides variable voltage (0V–5V) depending on water intensity. 

Digital Output (D0): Gives a HIGH/LOW signal based on a threshold (adjustable via 

potentiometer). 

• Adjustable Sensitivity: 

A built-in potentiometer allows setting the threshold for the digital output. 

• LED Indicators: 

Power LED (Red): Indicates module is powered. 

Digital Trigger LED (Green): Lights up when rain exceeds the set threshold. 

• Operating Voltage: 

Typically, 3.3V–5V (compatible with Arduino, ESP8266, ESP32, etc.). 

 How the YL-83 Works: 

• When no water is detected: 

The sensor has high resistance → Analog output near 5V (1023 in Arduino). 

Digital output remains LOW (0V). 

• When water is detected: 

Resistance decreases → Analog output drops (e.g., 2V = ~400 in Arduino). 

If the signal crosses the threshold → Digital output goes HIGH (5V). 
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Figure III-3: Yl-83 Rain Detector [22]. 

 

III. 2.2.2 INDOOR SENSORS 

III.2.2.2.a) Temperature/Humidity Sensor: 

 Definition: 

 The DHT22 (also known as AM2302) is a low-cost, digital humidity and temperature sensor 

widely used in electronics projects, IoT applications, and environmental monitoring systems 

[17]. It provides high-precision measurements and communicates via a single-wire digital signal, 

making it easy to interface with microcontrollers like Arduino, ESP8266, ESP32, and Raspberry 

Pi. 

 Key Features of DHT22: 

•  Measures: 

Temperature range: -40°C to 80°C (±0.5°C accuracy). 

Humidity range: 0% to 100% RH (±2% accuracy). 

• Digital output (uses a single-wire serial interface). 

• Low power consumption. 

• Long-term stability. 

• Interchangeability (no calibration needed).
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 How the DHT22 Works: 

The DHT22 consists of: 

A capacitive humidity sensor (measures humidity via moisture absorption). 

A thermistor (measures temperature). 

An onboard microcontroller (converts analog signals to digital). 

 

 

 

 

 

 

 

 

 

 

 

Figure III-4: DHT22 Sensor [23]. 

III.2.2.2.b) Air Quality Sensor: 

 Definition: 

 The MQ-135 is a semiconductor-based gas sensor designed to detect air quality and 

hazardous gases such as [18]: 

• Ammonia (NH₃). 

• Nitrogen oxides (NOₓ). 

• Carbon dioxide (CO₂). 

• Benzene (C₆H₆).
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• Smoke & other harmful volatile organic compounds (VOCs). 

It is widely used in air quality monitoring systems, pollution detectors, and smart home 

devices. 

 Key Features & Specifications of MQ-135: 

Table III -1: Basic Parameters of MQ-135 Sensor. 

Parameter Details 

Detection Range 10–1000 ppm (depends on gas type) 

Operating Voltage 5V DC 

Heater Consumption ~800 mW 

Output Signal Analog (0–5V) & Digital (TTL) 

Preheat Time ≥24 hours (for stable readings) 

Response Time <10 sec (to detect gas presence) 

Operating Temp -10°C to 50°C 

Humidity Range ≤95% RH (non-condensing) 

 

 How the MQ-135 Works: 

Uses a tin dioxide (SnO₂) semiconductor layer that changes resistance when exposed to gases. 

A heating element inside the sensor improves sensitivity. 

Outputs an analog voltage (higher voltage = higher gas concentration)
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Figure III-5: MQ-135 Sensor [24]. 

III.2.2.2.c) Soil Moisture Sensor: 

 Definition: 

 The FC-28 Soil Moisture Sensor is an electronic device designed to measure the volumetric 

water content in soil. It is widely used in precision agriculture, smart irrigation systems, 

greenhouse monitoring, and IoT-based farming applications. The sensor helps automate watering 

systems by detecting soil moisture levels and trigger watering when needed, providing real-time 

feedback to microcontrollers like Arduino, ESP8266. 

 Key Features of FC-28: 

• Dual Output Modes: 

 Analog Output (AO): Provides a continuous voltage signal (0–5V or 0–3.3V) proportional to 

soil moisture, Ideal for precise moisture monitoring. 

Digital Output (DO): Outputs HIGH/LOW based on a user-adjustable threshold (set via 

potentiometer), Useful for simple on/off control (e.g., triggering a water pump). 

• Corrosion-Resistant Probes: 

Nickel-plated electrodes (in some models) to reduce oxidation.
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• Adjustable Sensitivity: 

Includes a built-in potentiometer to set the moisture threshold for the digital output. 

Allows customization for different soil types (clay, sand, loam). 

• LM293 Comparator IC: 

Power LED (Red): Indicates module is powered. 

Digital Trigger LED (Green): Lights up when rain exceeds the set threshold. 

• Visual Indicators: 

Power LED: Confirms the sensor is active. 

Digital Output LED: Lights up when moisture drops below the set threshold (dry soil). 

 How the FC-28 Works: 

The FC-28 operates on the principle of electrical conductivity: 

Dry Soil: Poor conductivity → High resistance → Higher output voltage. 

Wet Soil: Better conductivity → Low resistance → Lower output voltage. 

• Analog Mode (Precise Measurement): 

The sensor outputs an analog voltage (0–5V or 0–3.3V) inversely proportional to soil 

moisture. 

A microcontroller (e.g., Arduino) reads this value via an ADC (Analog-to-Digital Converter). 

Example: 

0–300 (Wet Soil). 

300–700 (Moist Soil). 

700–1023 (Dry Soil). (Values may vary based on soil type) 

• Digital Mode (Threshold-Based Detection): 

The LM293 comparator compares soil moisture against a preset threshold (adjusted via the 

potentiometer). 

Outputs HIGH (3.3V/5V) when dry (below threshold). 

Outputs LOW (0V) when wet (above threshold). 

Useful for simple on/off control (e.g., triggering a water pump). 
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Figure III-6: FC-28 Sensor [25]. 

III.2.2.2.d) Flame Sensor: 

 Definition: 

 A flame sensor is an electronic or optical device designed to detect the presence of a flame or 

fire by monitoring specific physical and chemical properties associated with combustion. These 

sensors are critical in fire detection, industrial safety, and automated control systems, ensuring 

rapid response to potential fire hazards [19].  

 Key Features of Flame Sensor: 

• Detection Range:  1–30 meters (adjustable sensitivity). 

• Response Time: <500 ms (millisecond-level reaction for critical safety systems). 

• Outputs:   

Digital (TTL, HIGH/LOW) for microcontrollers (Arduino, PLCs). 

Analog (0–5V) for flame intensity measurement. 

Relay (industrial shutdown/alarm triggering). 

• False Alarm Mitigation:  

Rejects sunlight, hot objects, and steady IR sources.
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• Environmental Robustness:  

Operates in -40°C to 85°C (industrial-grade models). 

IP65/IP67 options for dust/water resistance. 

 How the Flame Sensor: 

• IR Radiation Detection: 

When a flame burns, it emits IR waves (2.7–4.3 μm). 

The sensor’s photodiode (or pyroelectric sensor) captures this radiation. 

•  Signal Filtering & Amplification: 

An optical bandpass filter blocks non-flame IR (e.g., from sunlight). 

The weak signal is amplified for further processing. 

• Flicker Frequency Analysis: 

Flames flicker at 1–20 Hz due to turbulence. 

The sensor’s MCU/comparator checks if the signal matches this pattern to avoid false alarms. 

•  Output Trigger: 

If a flame is confirmed, the sensor sends: 

Digital output (e.g., HIGH signal for Arduino). 

Analog output (voltage proportional to flame intensity). 

Relay activation (for alarms/suppression systems). 

 

 

 

 

 

 

Figure III-7: FC-28 Sensor [26]. 
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III. 2. 3 Display: LCD I2C 16×4 

 Definition: 

 An LCD I2C 16×4 is a liquid crystal display (LCD) module that combines a 16-column by 4-

row character-based screen with an I2C (Inter-Integrated Circuit) interface module, significantly 

simplifying its integration with microcontrollers and embedded systems. 

 Core Components & Structure: 

• The LCD Display (16×4 Character LCD): 

Display Type: Alphanumeric LCD with a 16×4 character grid (64 total characters). 

Controller: Typically uses the Hitachi HD44780 (or compatible) driver, which manages 

character generation and display control. 

Character Set: Supports ASCII characters, custom symbols. 

Backlight: Usually LED-based (blue, green, or white). 

• The I2C Interface Module (Backpack/Adapter): 

Primary Chip: Often a PCF8574 (or PCF8574A) I/O expander, converting I2C signals to 

parallel LCD control 

 Key Features of LCD Display: 

Reduces required connections from 6+ pins (in parallel LCDs) to just 2 (SDA & SCL). 

Analog & Digital Output. 

 How The LCD I2C 16×4 Works: 

• Communication Protocol (I2C): 

I2C (I²C): A two-wire serial protocol (SDA = data line, SCL = clock line). 

Addressing: Each I2C device has a unique address (e.g., 0x27), Multiple LCDs can be used by 

changing addresses. 

Data Transmission: Sends commands (e.g., clear screen) and text data via I2C, which the 

backpack converts to parallel signals for the LCD. 

• Power Requirements: 

Voltage: Typically, 5V (some variants work at 3.3V). 

Current: ~20mA (backlight may consume extra power).
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Figure III-8: LCD I2C 16×4 [27]. 

III. 2. 4 The Different Actuator 

III. 2.4.1 FAN 

 Definition: 

 A fan is an electrically powered cooling device designed to operate on 12 volts DC (Direct 

Current), commonly used for ventilation, cooling, and airflow management in electronics, 

computers, automotive systems, and industrial applications. 

  Key Parts of a Fan: 

Blades/Impeller – Rotates to move air (typically 3-9 blades). 

Motor – A brushless DC (BLDC) motor for efficient, long-lasting operation. 

Frame/Housing – Holds components together (plastic or metal). 

Bearings – Reduce friction (sleeve, ball, or fluid dynamic bearings). 

Wiring – Usually 2-wire (+, -) or 3-wire (+, -, RPM sensor).
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 How It Fan Works: 

• Power Supply: 

Runs on 12V DC (from batteries, adapters, or PC power supplies). 

• Speed Control: 

Voltage Control: Lower voltage = slower speed  

PWM Control: Uses a digital signal for precise speed adjustment. 

• Airflow Direction: 

Intake (Pulling air in): Often used for cooling components. 

Exhaust (Pushing air out): Used for heat dissipation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure III-9: Fan 12v [28]. 

III. 2.4.2 WATER PUMP 

 Definition: 

A water pump is a small, electrically powered device designed to move liquids (typically 

water) using 5 volts DC (Direct Current). These pumps are commonly used in DIY projects, 

aquariums, cooling systems, and automated irrigation due to their compact size, low power 

consumption, and compatibility with microcontrollers like Arduino, Raspberry Pi, and ESP 

boards [20].
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 Key Parts of Water Pump: 

Motor – A DC motor (often brushless) that drives the impeller. 

Impeller – Rotates to create water flow (plastic or metal blades). 

Housing – Contains the motor and water channels (usually plastic). 

Inlet & Outlet – Tubes or nozzles for water intake and discharge. 

Wiring – Typically 2 wires (Red: +5V, Black: Ground). 

Useful for simple on/off control (e.g., triggering a water pump). 

 How It Water Pump Works: 

• Power Supply: 

Runs on 5V DC (USB power, battery, or microcontroller). 

• Flow Mechanism: 

Centrifugal force (submersible pumps) or diaphragm action (peristaltic pumps). 

• Control Options: 

On/Off Switching – Simple power control. 

PWM (Pulse Width Modulation) – Adjusts speed for variable flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-10: Water Pump [29]
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III. 2.4.3 SERVO MOTOR 

 Definition: 

The MG90S is a compact, high-performance amateur servo motor that represents a major 

development in compact motion control technology. As part of the popular MG (Metal Gear) 

series, this servo combines robust construction with precise positioning capabilities, making it 

one of the most widely used servos in the manufacturer community and applications for robotics, 

remote-controlled vehicles and electronics that are manufactured in-house. 

 Key Parts of Servo Motor MG90s: 

• Case - Plastic shell with mounting ears. 

• DC Motor - Brushed 3-pole motor (6V max). 

• Metal Gears - 3-stage reduction. 

• Potentiometer - 5kΩ position sensor. 

• Control Board - Processes PWM signals. 

• Output Shaft - 25T spline with bearings. 

• Wires - Power (red), Ground (brown), Signal (orange). 

 How It Servo Motor MG90s Works: 

• PWM Signal Input → Control board receives pulse width (1ms–2ms). 

• Position Comparison → Potentiometer reports current angle. 

• Error Correction → Control IC adjusts motor direction/speed. 

• Gear Reduction → Motor torque is amplified 60x via metal gears. 

• Output Shaft Movement → Moves to desired angle (0°–180°). 
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Figure III-11: Servo Motor MG90s [30]. 

III. 2.4.4 DRIVER MOTOR 

 Definition: 

The PCA9685 is a sophisticated and cost-effective 16-channel, 12-bit PWM (Pulse Width 

Modulation) controller designed to drive servomotors, LEDs and DC motors over an I²C 

connection. It acts as an intermediate drive, allowing microcontrollers (such as the Arduino or 

Raspberry Pi) to control multiple motors/servos with minimal wiring [21]. 

 Key Parts of a PCA9685: 

16 Independent PWM Outputs – Controls up to 16 servos or motors. 

 12-bit Resolution – Allows 4096 PWM steps (for precise positioning). 

 I²C Interface – Works with 3.3V & 5V logic (addressable 0x40-0x7F). 

 Adjustable Frequency – 40Hz to 1000Hz (default 50Hz for servos). 

 External Power Support – Can power motors separately (2.3V–5.5V logic, 5V–6V servo power). 

 How It Fan PCA9685: 

Microcontroller sends commands via I²C (SDA/SCL pins). 

PCA9685 generates PWM signals on selected channels. 

PWM signals control motors/servos (e.g., 1-2ms pulses for servos). 

External power supply drives motors (avoiding MCU power limits).
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Figure III-12: Driver Motor PCA9685 [31]. 

 

III. 2.4.5 STEPPER MOTOR 

 Definition: 

The 28BYJ-48 is a small, cost-effective monopole stepper motor that has become ubiquitous 

in hobbyist electronics and small-scale automation applications. This engine's unique 

combination of compact 5V DC powertrain, integrated internal gear reduction system and simple 

control interface makes it particularly suitable for educational projects, prototyping and low-

torque precision motion applications [22]. 

 Key Parts of 28BYJ-48 Stepper Motor: 

• Type: Unipolar (5-wire). 

• Voltage: 5V DC. 

• Step Angle: 5.625° per step (64 steps/revolution). 

• Gear Ratio: 1:64 (4096 total steps per output revolution). 

• Speed: ~15 RPM (no load). 

• Torque: ~30 gf.cm (varies with voltage). 

• Wiring: 5 wires (color-coded for driver boards). 

• Requires a driver board (like ULN2003) and PWM signals for precise step-by-step movement. 

• Example Arduino code available for precise positioning.
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 How It 28BYJ-48 Stepper Motor Works: 

• Driver IC:  

ULN2003 (or similar Darlington array). 

• Step Modes: 

Full-Step (64 steps/rev, higher torque). 

Half-Step (128 steps/rev, smoother motion). 

Wave Drive (Single-coil, lower power). 

• Microcontroller Compatibility: 

Arduino (Stepper.h or AccelStepper.h libraries). 

 

 

 

 

 

 

 

 

 

Figure III-13: Stepper Motor 28BYJ-48 [32]. 

III. 2.4.6 RELAY 

 Definition: 

     Relay modules are devices that can switch high voltage or high current devices on and off using a 5V 

signal from Arduino. They can be used to control devices such as lights, fans, motors, solenoids, etc. 

relay has three high voltage terminals (NC, C, and NO) which connect to the device you want to control. 

The other side has three low voltage pins (Ground, Vcc, and Signal) which connect to the Arduino [23]. 
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 Key Parts of Relay 

• Circuit Isolation – Galvanic separation for safety and noise reduction. 

• Signal Amplification – Control high-power devices with microcontrollers (Arduino, PLCs). 

• AC/DC Switching – Compatible with both alternating and direct current systems. 

• Fail-Safe Modes – Normally Open (NO) / Normally Closed (NC) configurations. 

• Durability – Long operational lifespan (SSR: 1M+ cycles; EMR: 50k+ cycles). 

• Fast Response Time – SSR: Microsecond switching; EMR: Millisecond precision. 

 How It Relay Works: 

• Energizing the Coil:  When a small voltage is applied to the relay’s coil, it generates a 

magnetic field. 

• Magnetic Attraction: This magnetic field attracts a movable armature, which is attached 

to the coil. 

• Contact Switching: 

     The movement of the armature either makes or breaks a connection with the electrical 

contacts. In a normally open (NO) relay, the circuit is open until the relay is activated. In a 

normally closed (NC) relay, the circuit is closed until the relay is activated. 

• Circuit Control: 

     This mechanical movement allows the relay to control the connected circuit by opening or 

closing the contacts, thereby managing the flow of current. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-14: Relay [33]. 
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III. 2.4.7 ARTIFICIAL LIGHT 

 Definition: 

     Artificial light allows controlled lighting, providing an optimal environment for plant growth 

throughout the year, despite climatic or even seasonal conditions. This is a technology that allows light 

spectra to be tailored to the needs of different plants, promoting their growth and increasing crop yields. 

In addition, artificial light helps reduce dependence on natural conditions that may be unexpected or 

inappropriate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-15: Artificial light [34]. 

 

 

III. 2. 5 Communication Part 

III. 2.5.1 ESP 32 

 Definition: 

 The ESP32 is a highly integrated, low-power, 2.4 GHz Wi-Fi and Bluetooth combo 

microcontroller unit (MCU) developed by Shanghai-based Espressif Systems [23]. As the 

successor to the popular ESP8266, this system-on-chip (SoC) solution has become a dominant 

force in IoT development due to its exceptional combination of wireless connectivity, processing 

power, and peripheral integration [24
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 Core Components of ESP32: 

• Dual-Core Xtensa LX6 CPU (up to 240 MHz):  

Can run FreeRTOS for multitasking. 

• Wireless Connectivity: 

Wi-Fi (802.11 b/g/n) – Supports both station (client) and access point (AP) modes. 

Bluetooth (BLE 4.2 + Classic). 

• Memory: 

520KB SRAM (for runtime data). 

4MB–16MB Flash (for storing programs). 

• Peripherals: 

GPIO (General-Purpose Input/Output) pins for sensors, LEDs, etc. 

ADC (Analog-to-Digital Converter) for reading analog sensors. 

DAC (Digital-to-Analog Converter). 

UART, I2C, SPI, PWM, CAN, and more for communication. 

Touch sensors (capacitive sensing). 

Hall effect sensor (detects magnetic fields). 

 How It ESP32 Works: 

• Power On:   

When powered, the ESP32 runs the bootloader from flash memory, which loads the main 

firmware. 

• Program Execution: 

 The firmware (written in C/C++ with Arduino, ESP-IDF, or MicroPython) controls the chip's 

operations. 

• Wireless Communication: 

 Wi-Fi: Connects to a network or acts as an access point. 

Bluetooth: Enables BLE (Bluetooth Low Energy) or classic Bluetooth for device pairing. 

• Peripheral Interaction: 

Reads sensors (via I2C/SPI/ADC), controls motors (PWM), and communicates with other 

devices (UART, CAN) 
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Figure III-16: ESP32 Datasheet [34]. 

III. 2.5.2 LORA 

 Definition: 

 LoRa (Long Range) is a low-power, wide-area networking (LPWAN) technology designed 

for long-range wireless communication with minimal power consumption. It operates in sub-

GHz license-free bands (e.g., 433 MHz, 868 MHz in Europe, 915 MHz in North America) and is 

ideal for IoT (Internet of Things) applications where devices need to transmit small amounts of 

data over several kilometers. 

 Key Features of LORA: 

• Long Range:  Can transmit data up to 10+ km (line-of-sight) and 3–5 km in urban areas. 

• Low Power: Optimized for battery-operated devices (years of operation). 

• Low Data Rate:  Suitable for small, intermittent data packets (e.g., sensor readings). 

• License-Free: Uses ISM (Industrial, Scientific, Medical) bands 
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 How It LORA Works: 

      LoRa is a form of lower power wide area network and works by using radio frequencies. 

LoRa sends information via radio waves and through chirp spread spectrum modulation or 

CSS. A chirp spread spectrum is similar to the way that bats and dolphins communicate and 

has a wave flow that is a linear and sinusoidal wave that can increase or decrease in frequency 

over time. It is on this chirp spread spectrum that information is encrypted and sent [25] 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-17: lora [35]. 

III. 3 Software Design 

III. 3. 1 The Arduino IDE 

 Definition: 

The Arduino Integrated Development Environment (IDE) is a cross-platform software 

application designed for writing, compiling, and uploading code to Arduino-compatible 

microcontroller boards (such as Arduino Uno, Nano, and ESP32). It provides a user-friendly 

interface for developers, hobbyists, and students to program embedded systems without requiring 

advanced knowledge of low-level hardware programming. 

 Key Features of Arduino IDE: 

• Simplified Programming (Based on C/C++): 

Uses a simplified version of C++ with Arduino-specific libraries. 

Abstracts complex microcontroller operations (e.g., register manipulation). 
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• Cross-Platform Compatibility: 

Works on Windows, macOS, and Linux. 

Written in Java (runs on any OS with Java support). 

• Built-in Library Manager: 

Supports third-party libraries (e.g., DHT.h, PubSubClient for MQTT). 

Easy installation via Sketch → Include Library → Manage Libraries. 

 

• Serial Monitor & Plotter: 

Serial Monitor: Displays real-time data from Arduino (debugging). 

Serial Plotter: Visualizes sensor data in graphs. 

• Board & Port Management: 

Supports multiple Arduino boards (Uno, Mega, Nano, ESP32, etc.). 

Automatic detection of USB/UART ports. 

• One-Click Compilation & Upload: 

Verify (Compile): Checks code for errors. 

Upload: Transfers compiled binary to the microcontroller via USB. 

 Arduino IDE Workflow: 

• Write Code (. ino sketch) → Uses Arduino-specific functions (setup (), loop ()). 

• Verify (Compile) → Converts code into machine-readable hex file. 

• Upload → Sends the compiled code to the connected Arduino board. 

• Debug → Monitors output via Serial Monitor. 

 

 

 

 

 

 

 

 

 

 

 

Figure III-18: The Arduino IDE [36]. 
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III. 3. 2 MQQT Explorer 

III. Definition: 

MQTT Explorer is an open-source, graphical user interface (GUI) tool designed for 

monitoring, testing, and debugging MQTT (Message Queuing Telemetry Transport) networks. It 

provides a user-friendly way to interact with MQTT brokers, visualize topic hierarchies, 

publish/subscribe to messages, and analyze IoT device communications in real time. 

 Key Features of MQQT Explorer: 

• Topic Visualization (Tree Structure):  

MQTT topics in an expandable folder-like hierarchy. 

 

 

 

 

 

 

 

 

Figure III-19: Visualization of MQQT Explorer. 

 

• Publish & Subscribe to Messages: 

Subscribe to topics to monitor incoming data. 

Publish messages manually (JSON, plain text, or binary). 

• Retained Message Handling:  

Views and deletes retained messages stored on the broker. 

• Lightweight & Cross-Platform: 

Runs on Windows, macOS, and Linux. 

No installation required (portable executable available). 

• Connection Management: 

Supports MQTT 3.1.1 and MQTT 5.0. 

Configurable authentication (username/password, TLS/SSL)
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• Message History & Search: 

Logs past messages for debugging. 

 

 MQQT Explorer Workflow: 

• Connects to an MQTT Broker (e.g., Mosquitto, HiveMQ, AWS IoT Core). 

• Subscribes to Topics (e.g., sensors/temperature). 

• Displays Real-Time Data in a structured view. 

• Publishes Test Messages (e.g., {"status": "ON"} to actuators/light). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-20: MQQT Explore [37]. 
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III. 3. 3 Blynk 

 Definition: 

Blynk is an IoT (Internet of Things) platform that enables users to remotely control and 

monitor hardware devices (like Arduino, ESP8266, Raspberry Pi) through mobile apps and web 

dashboards. It provides a drag-and-drop interface for creating custom UIs, real-time data 

visualization, and cloud-based automation without requiring advanced programming skills. 

 Key Features of Blynk: 

• Drag-and-Drop Mobile App Builder: 

Create custom IoT dashboards with widgets (buttons, sliders, graphs, notifications). 

• Multi-Platform Support: 

Mobile Apps: iOS & Android. 

Hardware Compatibility: Works with Arduino, ESP32, Raspberry Pi, and more. 

• Cloud & Local Server Options: 

Blynk Cloud: Free for basic use (limited energy) 

Blynk.Local: Self-hosted server for privacy/offline use. 

• Automation (Blynk.Actions): 

Trigger events based on conditions (e.g., turn on a fan if temperature > 25°C). 

• Real-Time Data Monitoring: 

Live sensor data (temperature, humidity, etc.) displayed on widgets. 

Historical data logging (with Blynk.Energy or external databases). 

• Notifications & Alerts: 

Push notifications (e.g., "Temperature exceeds 30°C!"). 

Email/SMS alerts (via IFTTT integration). 

 Blynk Workflow: 

• Connects to Blynk Cloud/Server: 

 Uses HTTP/MQTT to link hardware (Arduino/ESP) with Blynk's infrastructure.  
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• Binds Hardware Pins to Virtual Pins (V0-V127): 

 Maps physical sensors/actuators to abstract "virtual pins". 

• Displays Real-Time Data in Mobile/Web Dashboard: 

Drag-and-drop widgets (gauges, charts) show: 

Sensor values (updated via virtualWrite). 

Device status (online/offline). 

 

• Publishes Control Commands:  

Mobile app buttons send instructions. 

Triggers hardware actions via BLYNK_WRITE callbacks. 

 

Figure III-21: Blynk [38]. 

III. 4 Conclusion 
 

     This chapter presented the hardware and software architecture of the smart greenhouse system based on 

the Internet of Things and designed for semi-arid regions. We provided a detailed explanation of the set of 

sensors, actuators, microcontrollers, as well as the software used, how it works, and its most prominent 

features in this project. 
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Chapter IV: The Systems Embedded 

In the Prototype  

IV. 1 Introduction 

Smart agriculture is all about integrating automation and the Internet into things 

Agriculture and crop production. Smart greenhouses, in particular, face the following: 

● The climatic conditions are harsh and constantly changing. 

● Diverse agricultural requirements for different plants. 

● High cost of producing greenhouses. 

● Determine the type of sensors for each greenhouse. 

● Create a connection for greenhouses to the Internet. 

● Complex and difficult interfaces for human-system interaction. 

In this project, we tried to provide solutions to these challenges as much as possible using 

multiple systems. This chapter provides a comprehensive background on these systems and how 

they work, and their components, including sensors and actuators. 

IV. 2 Mounting sensors and actuators 

IV. 2. 1 Cooling System:   

This system ensures automatic and efficient cooling of greenhouses while displaying accurate 

data to farmers. 

 System components: 

• DHT22 sensor for thermometry. 

• Arduino Uno microcontroller. 

• 2 cooling fans to regulate temperature. 

• LCD screen to display readings. 

• Power source for operation. 

 How The System Working: 

The cooling system in greenhouses works using a DHT22 sensor, cooling fans (2 Fan) and an 

LCD screen according to the following steps:
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• Temperature sensor: 

The DHT22 sensor reads the temperature inside greenhouses and sends the data to the 

Arduino Uno controller. 

 

• Data processing and decision making: 

The controller checks the temperature reading: 

If it is higher than 30°C: Turns on the fans (2 Fan) to reduce the temperature. 

If less than or equal to 30°C: Keeps fans off. 

• Display data on LCD screen: 

The current temperature is displayed on the LCD screen continuously to monitor 

environmental conditions. 

• Automatically repeat the process: 

The system continues to monitor data and adjust the operation of fans as needed to maintain a 

suitable climate for plants. 

 

 

 

 

 

Figure IV-1: Wiring diagram [39].                                                                 Figure IV-2: Diagram of Cooling System
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IV. 2. 2 Natural Ventilation System: 
 

     This system automatically controls the windows of the greenhouse based on humidity, where a DHT22 

sensor is used to measure humidity, and Servo motors are connected to the PWM Driver Motor to open and 

close the windows, in addition to displaying the data on the LCD screen. 

 System components: 

• DHT22 sensor for measuring humidity. 

• Servo motor for moving greenhouse windows. 

• Arduino Uno microcontroller for data processing and PWM signal transmission. 

• LCD screen to display humidity. 

• Power source for operation. 

 How The System Working: 

• Continuous humidity reading: 

The DHT22 sensor measures the humidity inside the greenhouse and sends the data to the 

Arduino Uno controller. 

• Decision making based on humidity: 

If the humidity is moderately less than the required limit: 

The Servo motor stays at a 90 degree angle and the window is closed. 

If the humidity rises above the permissible limit: 

The Servo motor moves to a 160 degree angle with the window open to improve ventilation. 

• Display data on LCD screen: 

The humidity level is continuously displayed on the LCD screen to monitor the environmental 

conditions inside the greenhouse. 

• Automatic control via PWM signal: 

The Servo angle is controlled using the PWM signal from the controller, ensuring smooth and precise 

movement of the windows.
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Figure IV-3: Wiring diagram [40].                                         Figure IV-4: Diagram of Natural Ventilation System. 

 

IV. 2. 3 Irrigation System: 
 

This system automatically controls the process of irrigating plants inside greenhouses based on 

actual soil needs. 

 System components: 

• Soil moisture sensor to measure soil moisture. 

• Water pump for watering plants. 

• Arduino microcontroller to process data and send relay signal. 

• LCD screen to display soil humidity and pump status. 

• Power source for operation.
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 How The System Working: 

• Continuous humidity reading: 

The soil moisture sensor measures the percentage of soil moisture inside the greenhouse and 

sends the data to the Arduino Uno controller. 

• Decision making based on humidity: 

If the soil moisture is moderate more than the threshold: 

The water pump remains off. 

If soil moisture rises below the threshold: 

The water pump is turned on to water the plant. 

• Display data on LCD screen: 

The soil humidity and pump status are continuously displayed on the LCD screen to monitor the 

environmental conditions inside the greenhouse. 

• Automatic control via Relay: 

The pump is controlled on and off using the Relay signal from the controller, ensuring 

accurate execution. 

 

Figure IV-5: Wiring diagram [41].                                                    Figure IV-6: Diagram of Irrigation System. 
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IV. 2. 4 Lighting System: 
 

This system automatically controls the lighting of greenhouses based on the intensity of natural 

light. 

 System components: 

• LDR sensor to measure light intensity. 

• Artificial LED for lighting the greenhouse. 

• Arduino microcontroller to process data and send relay signal. 

• LCD screen to display light intensity and Artificial LED status. 

• Power source for operation. 

 How The System Working: 

• Continuous light intensity reading: 

The LDR sensor measures the intensity of lighting inside the greenhouse and sends the data to 

the Arduino Uno control unit. 

• Decision making based on lighting intensity: 

If the lighting intensity is more than the threshold: 

The artificial LED remains off. 

If lighting intensity drops below the threshold: 

Artificial LED is operated to light the greenhouse. 

• Display data on LCD screen: 

The lighting intensity and artificial LED status are continuously displayed on the LCD screen to monitor 

the environmental conditions inside the greenhouse. 

• Automatic control via relay: 

Artificial led on and off is controlled using relay signal from controller, ensuring precise execution. 
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   Figure IV-7: Wiring diagram [42].                                                    Figure IV-8: Diagram of Lighting System. 

IV. 2. 5 Shading System: 

This system automatically controls shade curtains in greenhouses based on the intensity of natural 

lighting. 

 System components: 

• LDR sensor to measure light intensity. 

• 2 Stepper Motor for open the shade curtains in the greenhouse. 

• Arduino microcontroller to process data and send Driver Motor signal. 

• LCD screen to display light intensity and Stepper Motor status. 

• Power source for operation. 

 How The System Working: 

• Continuous light intensity reading: 

The LDR sensor measures the intensity of lighting inside the greenhouse and sends the data to 

the Arduino Uno control unit.
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• Decision making based on lighting intensity: 

If the lighting intensity is less than the threshold: 

The Stepper Motor remains off. 

If lighting intensity more than threshold: 

Stepper Motor is operated to open the shade curtains in the greenhouse. 

• Display data on LCD screen: 

The lighting intensity and Stepper Motor status are continuously displayed on the LCD screen to 

monitor the environmental conditions inside the greenhouse. 

• Automatic control via Driver Motor: 

Stepper Motor on and off is controlled using Driver Motor signal from controller, ensuring precise 

execution. 

 

 

 

 

   Figure IV-9: Wiring diagram [43].                                                    Figure IV-10: Diagram of Shading System. 
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IV. 2. 6 Rainfall System: 

     This system automatically protects crops inside greenhouses when it rains. 

 System components: 

• rain sensor for detection Rain. 

• Servo motor for moving greenhouse windows. 

• Arduino Uno microcontroller for data processing and PWM signal transmission. 

• Power source for operation. 

 How The System Working: 

• Continuous rainfall reading: 

The Rain sensor detection the rainfall outside the greenhouse and sends the data to the 

Arduino Uno controller. 

• Decision making based on rainfall: 

If the sensor detects rainfall : 

The Servo motor moves to a 90 degree angle and the window is closed. 

If the sensor does not detects rainfall: 

The Servo motor stays at the same angle as before. 

• Automatic control via PWM signal: 

The Servo angle is controlled using the PWM signal from the controller, ensuring smooth and precise 

movement of the windows. 
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  Figure IV-11: Wiring diagram [44].                                                Figure IV-12: Diagram of Rainfall System. 

 

IV. 2. 7 Security System: 

This system provides fire protection in greenhouses by instantly detecting the fire and setting off an audio 

alarm. 

 System components: 

• Flame sensor for detection Fires. 

• Buzzer for sound an alarm. 

• Arduino Uno microcontroller for data processing. 

• Power source for operation. 

 How The System Working: 

• Continuous flame reading: 

The Flame sensor detection the Smoke inside the greenhouse and sends the data to the 

Arduino Uno controller.
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• Decision making based on flame: 

If the sensor detects Smoke : 

The Buzzer issues an audible alarm to warn of fire. 

If the sensor does not detects Smoke: 

The Buzzer stays off. 

 

 

 

 

             Figure IV-13: Wiring diagram [45].                                                Figure IV-14: Diagram Security System. 
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Chapter V: Prototype Implementation 

V. 1 Introduction 

Through this chapter, we discuss the stages of building the project, as well as pictures of systems 

integrated into the greenhouse that were collected during the implementation and testing phases of the 

project, highlighting their role in achieving the intended functionality and performance of the smart 

greenhouse. 

V. 2 Problems raised 

• Extreme climate changes 

•  Water shortage 

•   Soil degradation 

•   Shortening the agricultural seasons 

•   Low quality and productivity 

•   Pests and diseases 

V. 3 Solutions provided by the project 

• Design and development:  

Design of an IoT system that integrates sensors (temperature, humidity, soil), communication 

modules and actuators (pumps, fans, lighting). 

•  Programming and interface:  

Mobile/web application development for monitoring and control. 

Implementation of automation algorithms to optimize processes based on collected data. 

 

 

V. 4 The Prototype 

• Prototype: Manufacture of a physical model (dimensions: 1.5m x 1m x 1m). 

•  Testing and optimization: Test in real conditions in the semi-arid region of Ghardaia. 

• How to make a greenhouse: 

The greenhouse is designed from a structure made entirely of PVC pipes, precisely cut and  
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assembled using special joints to form a stable frame in the shape of a tiny house. After 

installing the frame, the lower part of the structure was covered using a transparent plastic 

film intended for greenhouses, as this film provides good protection and retains the heat and 

moisture necessary for plant growth. 

The upper part was covered with panels of transparent polycarbonate, a durable and light 

material that allows natural light to penetrate, and at the same time provides good thermal 

insulation. Ventilation windows have also been integrated into the ceiling to facilitate 

temperature control inside the house, in addition to integrating an integrated electronic system 

(as shown in the pictures) to automatically control the internal environment, which makes this 

plastic house an automated and integrated project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure V-1: Structure of Prototype.  
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V. 5 Integrated Systems in Prototype  

V. 5. 1 Cooling System:   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure V-2: Cooling System 
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V. 5. 2 Natural Ventilation System 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure V-3: Natural Ventilation system 
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V. 5. 3 Irrigation System: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure V-4: Irrigation system  
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V. 5 4 Lighting System: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure V-5: Lighting system 
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Figure V-7:Rainfall system.  

 

V. 5 5 Shading System: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure V-6: Shading system 

V. 5. 6 Rainfall System: 

 

 

 

 

 

 

 

 

 

 



University of GHARDAIA 87 

Chapter V : Prototype Implementation 

 

 

 

 

 

General Conclusion 
 

The smart greenhouse developed in this project is designed to support sustainable agriculture by automating the 

monitoring and control of environmental conditions. The system includes various sensors to measure 

temperature, humidity, soil moisture, gas concentration, and light intensity. Based on threshold values, it 

activates fans, irrigation pumps, artificial lighting, and shading components to maintain appropriate conditions 

for plant growth. 

 

The system was designed to operate in both manual and automatic modes, providing flexibility in operation and 

control. It also supports remote monitoring and control over long distances, using wireless communication 

technologies to enable users to interact with the system without being physically present. 

 

By using Arduino and low-cost electronic components, the prototype remains accessible and replicable for 

small-scale applications, particularly in semi-arid regions where environmental control is crucial. 

 

By continuously monitoring environmental variables, the system can react immediately to unfavorable 

conditions, reducing crop losses and improving growth quality. The prototype demonstrates how smart 

agriculture can reduce labor costs, improve yields, and support sustainable food production. 

 

In conclusion, this smart greenhouse is a practical and scalable solution that merges traditional farming 

knowledge with modern IoT technology. It paves the way for digital agriculture, offering great potential to 

enhance productivity, conserve resources, and ensure food security in a changing climate. As a next step, 

adding mobile connectivity or AI prediction can further increase its impact and usability for real-world 

applications. 
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Future Work 

 
     As part of the future development of the smart greenhouse project, crops can be scaled up and artificial 

intelligence and solar energy technologies can be adopted to enhance innovation and efficiency in agriculture. 

The system can be added based on high-efficiency solar panels to generate the energy needed to operate all 

components of the greenhouse, including the lighting system, pumps and control devices, while using batteries 

to store excess energy for use during periods of low sunlight. AI will play a key role in analyzing sensor data to 

automatically manage light, water and nutrient levels for any type of crop to be planted and predict harvest 

using machine learning algorithms to predict optimal harvest times and potential yields based on historical data 

and current growing conditions. This improves plant health through image analysis for early detection of 

diseases or nutrient deficiencies, as well as plant health analysis through the introduction of computer vision 

techniques to analyze plant images and identify any signs of disease or nutrient deficiencies. 

 

     The voice control interface can be developed and different planting styles can be customized to meet the 

specific goals of the greenhouse, such as rapid growth, water conservation, and increased planting density. The 

use of energy-efficient LED lighting and a smart energy management system will ensure high efficiency and 

sustainable operation while reducing operating costs and reliance on conventional electricity. These 

improvements make the system more sustainable and reliable, increasing the productivity of the greenhouse and 

its attractiveness to consumers and investors alike. These future initiatives will contribute to promoting smart 

and sustainable agriculture and provide innovative solutions to global food security challenges. 
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 بطاقت انمؼهىماث

 

 :فش٠ك الإششاف .1

 

 

 

 

 

 

 

 :فش٠ك اٌؼًّ .2

 
 فش٠ك اٌّششٚع اٌزخظض اٌى١ٍخ

 : بشغاٌذ فاطمت انضهشاءتانطانب آ١ٌخ ٚأٔظّخ ٚاٌزىٌٕٛٛع١باٌؼٍَٛ 

 : ددوػ شٍماءتانطانب آ١ٌخ ٚأٔظّخ اٌؼٍَٛ ٚاٌزىٌٕٛٛع١ب

 

 

 

 
 

 

 

 

 

 

 

 الاعُ ٚاٌٍمت اٌشرجخ اٌزخظض

 ػجذ اٌٛ٘بة ثٓ طذ٠ك ِذ٠ش ثؾش ؽبل٠ٛبد

 ثذس اٌذ٠ٓ ثضح ٍِؾك ثؾش اٌىزش١ٔٚه

 طبٌؼ ثْٛ٘ٛ أعزبر ثؾش ة اٌىزش١ٔٚه
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 انمحىس انثانث: انخحهٍم الاعخشاحٍدً نهغىق

 انمحىس انشابغ: خطت الإوخاج وانخىظٍم

      انمحىس انخامظ :انخطت انمانٍت

  انمحىس انغادط : انىمىرج الاونً انخدشٌبً

 BMC: ومىرج مخطط الأػمال 5انمهحق

 شهادة انخىطٍه بانحاضىت اندامؼٍت  :7انمهحق 
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 :(اٌّمزشػ اٌؾً) اٌّششٚع فىشح .1

ِششٚع "اٌج١ذ اٌجلاعز١ىٟ اٌزوٟ" ٠ٙذف إٌٝ رط٠ٛش ٔظبَ صساػٟ روٟ ٠غزخذَ رم١ٕبد إٔزشٔذ الأش١بء ٌٍزؾىُ اٌزٍمبئٟ فٟ اٌج١ئخ 

اٌضساػ١خ داخً ث١ٛد ثلاعز١ى١خ. ٠زُ رٌه ِٓ خلاي ِغغبد ٚأعٙضح رؾىُ رمَٛ ثّشالجخ ٚرٕظ١ُ اٌؼٛاًِ اٌج١ئ١خ ِضً اٌؾشاسح، اٌشؽٛثخ، 

  .اٌز٠ٛٙخ، ٚاٌشٞ، ٌؼّبْ ّٔٛ ِضبٌٟ ٌٍّؾبط١ً ثألً اعزٙلان ١ٌٍّبٖ ٚاٌطبلخ الإػبءح،

 

 :خاٌؾٍٛي اٌّمزشؽ .2

 ٔظبَ ِشالجخ ِٕبخ١خ روٟ ٌم١بط اٌؾشاسح، اٌشؽٛثخ، الإػبءح، ٚعٛدح اٌٙٛاء. 

 ٔظبَ سٞ رٍمبئٟ ٠ؼزّذ ػٍٝ ل١بعبد سؽٛثخ اٌزشثخ ٌزم١ًٍ اعزٙلان اٌّبء. 

  ًرؼًّ رٍمبئ١بً ؽغت اٌظشٚف إٌّبخ١خأٔظّخ ر٠ٛٙخ ٚرجش٠ذ ٚرظ١ٍ. 

 ٔظبَ إػبءح ٌذػُ ّٔٛ إٌجبد ػٕذ غ١بة الإػبءح اٌطج١ؼ١خ. 

 ٚؽذح رؾىُ لاعٍى١خ (Wi-Fi) رُّىّٓ اٌّغزخذَ ِٓ اٌزؾىُ ٚاٌّزبثؼخ ػٓ ثؼُذ. 

 ٔظبَ رٕج١ٙبد فٛسٞ ٌزفبدٞ أٞ خًٍ أٚ ظشٚف غ١ش ِٕبعجخ ٌٍٕجبد. 

 ِٕٚ ،بعت ٌٍّضاسػ١ٓ اٌّؾ١١ٍٓرظ١ُّ ِٕخفغ اٌزىٍفخ، عًٙ اٌزشو١ت. 

 

 :اٌّؼبفخ اٌم١ّخ .3

 .٪ ثفؼً اٌشٞ اٌزو50ٟرم١ًٍ اعزٙلان ا١ٌّبٖ ثٕغجخ رظً إٌٝ  .1
 .رؾغ١ٓ إٔزبع١خ اٌّؾبط١ً ِٓ خلاي اٌزؾىُ الأِضً فٟ إٌّبؿ .2
 .رم١ًٍ رىب١ٌف اٌزشغ١ً ٚالاػزّبد ػٍٝ اٌؼّبٌخ .3
 .ٚاٌّزٛعط١ٓؽٍٛي رو١خ ٚعٍٙخ الاعزخذاَ ِظّّخ خظ١ظًب ٌٍّضاسػ١ٓ اٌظغبس  .4
 .رّى١ٓ اٌّضاسػ١ٓ ِٓ اٌزؾىُ اٌىبًِ ػٓ ثؼُذ .5
 .رؼض٠ض اٌضساػخ اٌّغزذاِخ ٚرؾم١ك ػٛائذ الزظبد٠خ أفؼً .6

 

 :أ٘ذاف اٌّششٚع .4

 :اٌٙذف اٌشئ١غٟ

 تطوير نظام ذكي ومنخفض التكلفة يمكن تطبيقه في الصوبات الزراعية في المناطق شبه القاحلة. 

 ة ...(تصميم وتطوير نظام ذكي للتحكم الآلي في ظروف البيئة الزراعية داخل البيوت البلاستيكية )حرارة، رطوبة، إضاء 
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  رفع كفاءة الإنتاج الزراعي وتحسين جودة المحاصيل مع تقليل استهلاك الموارد 

 .()الماء والطاقة

 رع الصغيرةتقديم حل محلي مبتكر وذو تكلفة منخفضة موجه للفلاحين والمزا. 

 المساهمة في التحول الرقمي للزراعة ودعم الزراعة المستدامة في الجزائر. 

 

 :الأ٘ذاف اٌفشػ١خ

 ٍٟرظ١ُّ ٔظبَ لبدس ػٍٝ ِشالجخ اٌج١ئخ اٌذاخ١ٍخ فٟ اٌٛلذ اٌفؼ. 

 رؾغ١ٓ اعزخذاَ ا١ٌّبٖ ٚاٌطبلخ داخً اٌذف١ئخ. 

 رم١ًٍ اٌزىب١ٌف ٚرؾغ١ٓ عٛدح اٌضساػخ. 

 ًط١بٔخ إٌظبَ ٚرشغ١ٍٗ ِٓ لجً اٌّغزخذَ رغ١ٙ. 

 رٛف١ش ٚاعٙخ رؾىُ ػٓ ثؼذ رذػُ ػ١ٍّخ ارخبر اٌمشاس. 

 

 فش٠ك اٌؼًّ: .5

 ٠زىْٛ فش٠ك اٌؼًّ ِٓ:

 ، لبَ ثذٚساد فٟ إؽبس ؽبػٕخ الأػّبي ٌغبِؼخ غشدا٠خ.: بشغاٌذ فاطمت انضهشاء 1انطانبت 

 .اخز١بس ٚرشو١ت أعٙضح الاعزشؼبس ٚاٌّؾشوبد 

 جبساد فٟ ظشٚف ؽم١م١خ.إعشاء الاخز 

 .َرؾ١ًٍ اٌج١بٔبد ٌزم١١ُ الأداء ٚرؾغ١ٓ إٌظب 

 

 ، لبَ ثذٚساد فٟ إؽبس ؽبػٕخ الأػّبي ٌغبِؼخ غشدا٠خ.: ددوػ شٍماء2انطانب 

   ( ثشِغخ ا١ٌّىشٚوٛٔزشٌٚشArduino.) 

 ( ٟدِظ ٚؽذاد الارظبي اٌلاعٍىESP8266/ESP32.) 

  اٌج١بٔبد فٟ اٌٛلذ اٌفؼٍٟ.رط٠ٛش رطج١ك اٌٙبرف اٌّؾّٛي/ا٠ٌٛت ٚدِظ 

 

 
 :اٌّششٚع اٌغذٚي اٌضِٕٟ ٌزؾم١ك .6

 

٠ؼررررررشع اٌغررررررذٚي اٌزرررررربٌٟ رغٍغررررررً ِشاؽررررررً رٕف١ررررررز ِشررررررشٚع "اٌج١ررررررذ اٌجلاعررررررز١ىٟ اٌررررررزوٟ" خررررررلاي عررررررجؼخ أعرررررربث١غ. رجررررررذأ 

اٌّشؽٍررررررخ الأٌٚررررررٝ ثبٌذساعرررررربد الأ١ٌٚررررررخ ٚاخز١رررررربس ِمررررررش اٌٛؽررررررذح الإٔزبع١ررررررخ، ١ٍ٠ٙررررررب ؽٍررررررت اٌزغ١ٙررررررضاد ِررررررٓ اٌخرررررربسط، صررررررُ 
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رغ١ٙررررض ِمررررش الإٔزرررربط ٚرشو١ررررت اٌّؼررررذاد. فررررٟ اٌّشاؽررررً الأخ١ررررشح، ٠ررررزُ الزٕرررربء اٌّررررٛاد الأ١ٌٚررررخ، ٚطررررٛلًا إٌررررٝ ثذا٠ررررخ إٔزرررربط 

 .أٚي ِٕزظ. ٘زا اٌزذسّط ٠غّؼ ثزٕظ١ُ اٌؼًّ ٚػّبْ رٕف١ز اٌّششٚع فٟ اٌٛلذ اٌّؾذد ٚثىفبءح ػب١ٌخ

 

 

 

 

 

 

 

 

 

 

 
 اٌّششٚع اٌغذٚي اٌضِٕٟ ٌزؾم١ك
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 انمحىس انثاوً:

 اندىاوب الابخكاسٌت
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 :ؽج١ؼخ الاثزىبس .1

 

 دِظ رم١ٕبد الاعزشؼبس ٚاٌزوبء الاططٕبػٟ فٟ اٌضساػخ اٌزم١ٍذ٠خ. 

 ٔظبَ آٌٟ ِزىبًِ ِٕخفغ اٌزىٍفخ. 

 رظ١ُّ ِشْ لبثً ٌٍزط٠ٛش ؽغت ٔٛع اٌّؾظٛي. 

 :ِغبلاد الاثزىبس.2

 اٌضساػخ اٌزو١خ. 

 اٌؾفبظ ػٍٝ اٌّٛاسد اٌطج١ؼ١خ. 

 اٌؾٍٛي اٌج١ئ١خ ٚاٌّغزذاِخ. 

 ٟاٌزؾٛي اٌشلّٟ فٟ اٌمطبع اٌفلاؽ. 
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 انمحىس انثانث:

 انخحهٍم الاعخشاحٍدً نهغىق
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 :شض انقطاع انغىقً.ػ1

 اٌفلاؽْٛ ٚأطؾبة اٌج١ٛد اٌجلاعز١ى١خ. 

 أطؾبة اٌّشبس٠غ اٌفلاؽ١خ إٌبشئخ. 

  ٚاٌجٍذ٠بد اٌش٠ف١خاٌزؼب١ٔٚبد اٌفلاؽ١خ. 

 ٟششوبد اٌزظذ٠ش اٌضساػ. 

 :قٍاط شذة انمىافغت.2

 ٚعٛد ِٕزغبد ِغزٛسدح ٌىٕٙب ِشرفؼخ اٌغؼش. 

 ػؼف فٟ اٌؾٍٛي اٌّؾ١ٍخ اٌّزىبٍِخ. 

 ٞإِىب١ٔبرٕب فٟ رٛف١ش ؽً أسخض ٚأوضش رٛافمبً ِغ اٌٛالغ اٌغضائش. 

 :الاعخشاحٍدٍت انخغىٌقٍت.3

 ػشٚع ١ِذا١ٔخ رغش٠ج١خ. 

  رؼب١ٔٚبد فلاؽ١خششاوبد ِغ. 

 ؽّلاد رٛػ١خ فٟ اٌّؼبسع اٌضساػ١خ. 

 ٟاٌزٛاطً ػجش ٚعبئً اٌزٛاطً الاعزّبػ. 
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 انمحىس انشابغ:

 خطت الإوخاج وانخىظٍم
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 :ػمهٍت الإوخاج.1

 َرظ١ُّ إٌىزشٟٚٔ ٌٍٕظب. 

 رغ١ّغ اٌّغغبد ٚاٌّؾشوبد ٚاٌٛؽذاد الإٌىزش١ٔٚخ. 

  ٟث١ذ ثلاعز١ىٟ رغش٠جٟاخزجبس إٌظبَ ف. 

 اٌزؼذ٠ً ٚاٌزط٠ٛش ؽغت اٌؾبعخ 

 :رّش ػ١ٍّخ إٔزبط اٌج١ٛد اٌجلاعز١ى١خ اٌزار١خ اٌزشغ١ً ثبٌّشاؽً اٌزب١ٌخ

 الأنشطة الرئيسية المرحلة
 

 المسؤوليات

 .دراسة المتطلبات الزراعية )المحاصيل، المناخ، المساحة( - التصميم والاقتناء .1
المعدني، البلاستيك الزراعي، أنظمة الري، شراء المواد )الهيكل  -

 .الحساسات(
تصميم النموذج الأولي مع دمج أنظمة التشغيل الذاتي )الري، التهوية،  -

 .التحكم بالمناخ(

فريق الهندسة + فريق 
 .المشتريات

 .تجميع الهيكل المعدني وتغطيته بالبلاستيك الزراعي - التصنيع والتركيب .2
 .الآلي والتهوية )مروحية/طبيعية( تركيب أنظمة الري -
 .تركيب الحساسات )رطوبة، حرارة، إضاءة( -

 .فريق الإنتاج + فريق التركيب

برمجة أنظمة  .3

 التشغيل الذاتي
 .(Raspberry Pi أو Arduino مثل استخدام) تطوير نظام تحكم -
برمجة الحساسات للتفاعل مع البيئة )ري أوتوماتيكي عند جفاف  -

 .فتح النوافذ عند ارتفاع الحرارة( التربة،
تدريب نموذج ذكاء اصطناعي )اختياري( للتنبؤ بأمراض النبات أو  -

 .تحسين الظروف

فريق البرمجة + فريق الذكاء 
 .الاصطناعي

اختبار الأنظمة في ظروف محاكاة )مثل زيادة الحرارة صناعياً لفحص  - الاختبار والتشغيل .4

 .التهوية(
 .النظام لمدة محددة قبل التسليم مراقبة أداء -

 .فريق الجودة + فريق التقنية

 للنقل( - التسليم والصيانة .5
ً
 .تعبئة المنتج )إذا كان قابلا

 .توفير دليل استخدام وصيانة -
امج، إصلاح الأعطال( -  .تقديم خدمة ما بعد البيع )ترقية الير

فريق العمليات + خدمة 
 .العملاء

. 
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 Production Process  الإٔزبطؼ١ٍّخ ِخطؾ ٌ

 :.اٌز2ٓ٠ّٛ

 ٚػجش اعز١شاد٘ب   ٠زُ ششاء اٌمطغ الإٌىزش١ٔٚخ اٌلاصِخ ٌزظ١ٕغ اٌذسْٚ ِٓ اٌغٛق اٌّؾ١ٍخ ف١ّب رٛفش ِٓ اٌمطغ أ

 ِجبششح أٚ ػٓ ؽش٠ك اٌزغٛق الإٌىزشٟٚٔ ػجش الإٔزش١ٔذ.

 ٌٍؾشائك ِٓ اٌغٛق اٌّؾٍٟ خبطخ أْ اعزشار١غ١زٕب رٙذف إٌٝ إٔزبط  ٠زُ ٠زُ ششاء اٌّٛاد الأ١ٌٚخ ٌٍّٛاد اٌّخّذح

 ِٛاد طذ٠مخ ٌٍج١ئخ.

 :ا١ٌذ اٌؼبٍِخ ٚاٌزى٠ٛٓ.   3

، رشًّ رخظظبد ِزؼذدح رؼّٓ اٌزىبًِ ث١ٓ اٌغبٔت مىصب شغم مباشش 13ِب ِغّٛػٗ  انبٍىث انبلاعخٍكٍت انزكٍت٠ٛفش ِششٚع 

 اٌزفبط١ً وّب ٠ٍٟاٌزىٌٕٛٛعٟ، اٌضساػٟ، ٚاٌزغ١١شٞ. 

 انؼذد وىع انمىصب

 2 الإداسح )ثّب ف١ُٙ أطؾبة اٌّششٚع(

 1 ِٕٙذط إٌىزش١ٔٚبد )ٌٍزؾىُ ثبٌؾغبعبد ٚاٌّشغلاد(

 1 ِٕٙذط ١ِىب١ٔه )ٌزظ١ُّ ا١ٌٙبوً ٚالأٔظّخ اٌّزؾشوخ(

 1 ِٕٙذط آ١ٌخ )لأرّزخ الأٔظّخ(

 1 ِٕٙذط ثشِغ١بد )ٌجشِغخ ٔظبَ اٌزؾىُ ٚاٌّشالجخ(

 1 ِٕٙذط روبء اططٕبػٟ )ٌزؾ١ًٍ اٌج١بٔبد ٚارخبر لشاساد رو١خ(

 1 ِٕٙذط و١ّ١بئٟ )ٌّزبثؼخ عٛدح اٌز٠ٛٙخ ٚاٌزشثخ ٚاٌشؽٛثخ(

 1 ِٕٙذط اخزجبساد )ٌزغشثخ ٚاخزجبس الأٔظّخ(

 1 ِششف ط١بٔخ ٚرشغ١ً ١ِذأٟ

 1 ِؾبعت

 1 ػْٛ رغ٠ٛك

 1 عبئك

 1 ػْٛ أِٓ

 ػْٛ ارظبلاد ٚدػُ فٕٟ

 

1 
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 :انخكىٌه وانخذسٌب انمغخمش.4

 :ٔظشاً ٌٍطج١ؼخ اٌزم١ٕخ اٌّزمذِخ ٌٍّششٚع، ٔؼزّذ ػٍٝ رؼض٠ض لذساد اٌفش٠ك ِٓ خلاي ثشاِظ رى٠ٛٓ ِغزّشح رشًّ

 رى٠ٛٓ فٟ أٔظّخ اٌزؾىُ اٌزو١خ ٚإٔزشٔذ الأش١بء (IoT). 
 دٚساد فٟ اٌزوبء الاططٕبػٟ ٚرؾ١ًٍ اٌج١بٔبد اٌضساػ١خ. 
  ًٚط١بٔخ اٌج١ٛد اٌجلاعز١ى١خ اٌزو١خرذس٠جبد ١ِذا١ٔخ ٌزشغ١. 
 ٚسشبد رغ٠ٛك ث١ئٟ ٌفش٠ك اٌزغ٠ٛك. 
 رؾذ٠ضبد دٚس٠خ ؽٛي الاثزىبساد فٟ اٌضساػخ اٌزو١خ. 

 .رٙذف ٘زٖ اٌجشاِظ إٌٝ ػّبْ اٌزط٠ٛش إٌّٟٙ اٌّغزّش ٌٍفش٠ك ٚرؾم١ك عٛدح ػب١ٌخ فٟ رٕف١ز اٌّششٚع ٚخذِبرٗ

 

 :انششاكاث انشئٍغٍت.5

ػٍٝ اٌزؼبْٚ ِغ ػذد ِٓ اٌششوبء اٌشئ١غ١١ٓ اٌز٠ٓ ٠غبّْ٘ٛ فٟ ِخزٍف ِشاؽً  انبٍىث انبلاعخٍكٍت انزكٍت٠ؼزّذ ٔغبػ ِششٚع 

 :اٌزظ١ُّ، الإٔزبط، ٚاٌزٛص٠غ، ِٚٓ ث١ُٕٙ

 مصىؼّى انقطغ الإنكخشووٍت 
، (Arduino أٚ ESP32 ِضً) ، اٌّزؾىّبد اٌذل١مخ(...، ؽغبط اٌشؽٛثخDHT22 ،LDR ِضً) ٌزٛف١ش اٌؾغبعبد

 .(...، ِؼخبدmotors) شغلادٚاٌّ

 ًمىصاث انزكاء الاصطىاػ 
 .، ٌزذس٠ت ٚرؾغ١ٓ ّٔبرط اٌزٕجؤ اٌزوٟ ثبٌّٕبؿ اٌضساػٟ ٚاؽز١بعبد اٌزشثخGoogle AI ٚTensorFlow ِضً

 مضودو خذماث الاحصالاث 
 .IoT ١بدٌزأ١ِٓ اٌشثؾ اٌلاعٍىٟ ث١ٓ اٌج١ٛد اٌجلاعز١ى١خ ِٕٚظبد اٌزؾىُ ػٓ ثؼذ، عٛاء ػجش الإٔزشٔذ أٚ رمٕ

 مضودو انخذماث انهىخغخٍت وانخىصٌغ 
 .ٌزغ١ًٙ ٔمً اٌّٛاد الأ١ٌٚخ، الأعٙضح، ٚإٌّبرط اٌغب٘ضح إٌٝ اٌّغزخذ١ِٓ أٚ اٌفلاؽ١ٓ فٟ ِخزٍف إٌّبؽك

 ششكاث الأمان وانغلامت والاخخباس 
 .الإؽلاق اٌزغبسٌٞؼّبْ ِطبثمخ الأٔظّخ ٌٍّؼب١٠ش اٌزم١ٕخ ٚاٌج١ئ١خ، ٚلإعشاء اخزجبساد الأداء ٚاٌغٛدح لجً 

 )ششكاث مخخصصت فً انطاقت انشمغٍت )ػىذ انحاخت 
 .ٌذػُ رشغ١ً اٌج١ٛد اٌجلاعز١ى١خ اٌزو١خ فٟ إٌّبؽك اٌّؼضٌٚخ ػجش اٌطبلخ اٌّزغذدح
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 انمحىس انخامظ:

انخطت انمانٍت   
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 . انخكانٍف والأػباء:1

  اٌّىزت ،رىب١ٌف رأع١غ١خ: ػزبد اٌٛسشخ ، ػزبد  

  الإشٙبس –اٌىشاء –رىب١ٌف رشغ١ٍ١خ: أعشح اٌؼّـبي 

 اٌم١ّخ )اٌغٕخ( اٌزىب١ٌف )دط(

 600000.00 ػخاد انىسشت

 100000.00 ػخاد انمكخب

 12*  800000.00 أخشة انؼمـال

 300000.00 انكشاء

 200000.00 الإشهاس

 10100000.00 اٌّغّٛع

 

 الإ٠شاداد.2

ٌذٜ اٌضثبئٓ، دْٚ  أوظمت ركٍت مخصصت نهبٍىث انبلاعخٍكٍت انمىخىدة مغبقا٠ًؼزّذ ّٔٛرط الإ٠شاداد اٌخبص ثّششٚػٕب ػٍٝ رمذ٠ُ 

 :اٌؾبعخ ٌزظ١ٕغ ث١ذ ثلاعز١ىٟ وبًِ. ٠شُوض إٌّٛرط ػٍٝ ث١غ ؽٍٛي رم١ٕخ ِزىبٍِخ ٚخذِبد ِظبؽجخ، ٚفمبً ٌّب ٠ٍٟ

 بٍغ وحشكٍب أوظمت ركٍت حغب انطهب 

 .ثزٛف١ش ٚرشو١ت ِغّٛػخ ِٓ اٌؾغبعبد، أٔظّخ اٌشٞ اٌزو١خ، اٌز٠ٛٙخ، ٚاٌّشالجخ ػٓ ثؼذ، ثؾغت اؽز١بعبد وً صثْٛ ٔمَٛ

 ( = دط ع٠ٕٛبً  10,000,000صثْٛ =  40× دط  250,000ِزٛعؾ اٌطٍت) 

  

 ًخذمت انذساعت انمٍذاوٍت وانخىصٍف انخقى 

 .خ ِخظظخ ٌزؾ٠ًٛ ث١زٗ اٌجلاعز١ىٟ إٌٝ ث١ذ روٟرشًّ ص٠بسح ِٛلغ اٌضثْٛ ٚرؾ١ًٍ اؽز١بعبرٗ، صُ رمذ٠ُ خط

 (دط 800,000صثْٛ =  40× دط  20,000)

 خذمت انصٍاوت وانمخابؼت انخقىٍت انغىىٌت 

 .رزؼّٓ ِشالجخ الأداء، اٌزذخً ػٕذ الأػطبي، ٚرؾذ٠ضبد دٚس٠خ

 (دط 900,000صثْٛ =  30× دط  30,000)

 اشخشاك عىىي فً مىصت انمشاقبت انزكٍت 

 .اٌضثبئٓ ِٓ رزجغ اٌّؼط١بد اٌج١ئ١خ ٚاٌزؾىُ ػٓ ثؼذ ثأٔظّزُٙرّىّٓ 

 (دط 2,500,000صثْٛ =  25× دط  100,000)
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 سقم الأػمال: .2

 :خلاي اٌغٕٛاد اٌضلاس الأٌٚٝ ٠Eco Grow Solutionsٛػؼ اٌغذٚي اٌزبٌٟ اٌزٛلؼبد اٌّب١ٌخ اٌّزؼٍمخ ثّج١ؼبد صلاصخ ِٕزغبد أعبع١خ رمذِٙب ششوخ 

 انمىخح A:  ًِث١ذ ثلاعز١ىٟ روٟ ِزىب 

 انمىخح B: ًٔظبَ سٞ روٟ ِغزم 

 انمىخح C: أعٙضح اعزشؼبس رو١خ ٌٍزٕجؤ ٚاٌّشالجخ 

 :(N) انغىت الأونى ✅

  وحذة مه انمىخح 30ث١غ A  دج 7,500,000دط، ثّغّٛع  250,000ثغؼش 

  وحذة مه انمىخح 20ث١غ B  دج 2,000,000دط، ثّغّٛع  100,000ثغؼش 

  انمىخحوحذة مه  20ث١غ C  دج 800,000دط، ثّغّٛع  40,000ثغؼش 

 دج 10,300,000 :فٟ اٌغٕخ الأٌٚٝ سقم الأػمال الإخمانً �

 :(N+1) انغىت انثاوٍت ✅

 ٓاٌّزٛلغ رمش٠جًب ِؼبػفخ ػذد اٌٛؽذاد اٌّجبػخ ثفؼً ص٠بدح اٌطٍت ٚرٛعّغ لبػذح اٌضثبئ ِٓ. 

 دج 21,000,000 :سقم الأػمال انمخىقغ 

 :(N+2) انغىت انثانثت ✅

 ِغ ارغبع اٌغٛق ٚرؾغٓ عّؼخ إٌّزغبد، ٠زُٛلغ ّٔٛ لٛٞ فٟ اٌّج١ؼبد، خظٛطًب ٌٍّٕزظ A. 

 دج 40,800,000 :سقم الأػمال انمخىقغ 

 .وداذ انمششوع وحىعّؼه انمغخقبهًرؼىظ ٘زٖ الأسلبَ رطٛسًا ٍِؾٛظًب فٟ ؽغُ اٌطٍت ٚصمخ اٌضثبئٓ فٟ اٌؾٍٛي اٌّمذِخ، ِّب ٠ؼضص فشص  �

 

 

 
Realisation Prévision 

Produit A destiné Client N N+1 N+2 

Quantité produit A  30 60 120 

Prix HT produit A  250,000 240,000 230,000 

Ventes produit A  7,500,000 14,400,000 27,600,000 

Quantité produit B  20 50 100 

Prix HT produit B  100,000 100,000 100,000 

Ventes produit B  2,000,000 5,000,000 10,000,000 

Quantité produit C 20 40 80 

Prix HT produit C  40 000 40 000 40 000 

Ventes produit C  800,000 1,600,000 3,200,000 

CHIFFRE D'AFFAIRES GLOBAL 10,300,000 21,000,000 40,800,000 
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 انمحىس انغادط : 

 انىمىرج الاونً انخدشٌبً
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 لّٕب ثئٔغبص ّٔٛرط أٌٟٚ ِظغش ٌٍج١ذ اٌجلاعز١ىٟ اٌزوٟ لاخزجبس فؼب١ٌخ إٌظبَ فٟ اٌّشالجخ ٚاٌزؾىُ اٌج١ئٟ. ٠شًّ إٌّٛرط ؽغبعبد

 .)ؽشاسح، سؽٛثخ، غبص، رشثخ(، ِشٚؽخ، ِؼخخ سٞ، ٔظبَ رظ١ًٍ، ٚشبشخ ػشع، ِذِغخ ثٛؽذح رؾىُ لبثٍخ ٌٍجشِغخ

 .رُ سثؾ اٌّىٛٔبد ثّٕظخ رؾىُ ػٓ ثؼذ رظُٙش اٌّؼط١بد ٚرز١ؼ اٌزشغ١ً ا١ٌذٚٞ أٚ اٌزٍمبئٟ

ٚع ٌٍزط٠ٛش ٔؾٛ ٔغخخ ٔٙبئ١خ أوضش وفبءحأظٙشد اٌزغبسة الأ١ٌٚخ اعزغبثخ فؼبٌخ ٌٍظشٚف إٌّبخ١خ، ِّب ٠ؤوذ لبث١ٍخ اٌّشش . 

 

ىمىرج الأونً نهبٍج انبلاعخٍكً انزكًنه: صىس 1انشكم   
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:1انمهحق  

    ومىرج مخطط الأػمال

BMC 
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:2انمهحق  

 شهادة انخىطٍه بانحاضىت اندامؼٍت
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