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Abstract: Agriculture is undergoing a major transformation with the adoption of intelligent technologies such as 

Artificial Intelligence (AI), Machine Learning (ML), Deep Learning (DL), remote sensing, and Unmanned Aerial 

Vehicles (UAVs). Traditional farming methods often require excessive labor, large quantities of pesticides, and 

continuous field monitoring, making agricultural operations time-consuming and inefficient. Precision agriculture has 

emerged as a modern solution to improve productivity, optimize resource utilization, and support sustainable farming 

practices [1], [3]. Among the various smart farming technologies, UAVs or agricultural drones have gained significant 

importance because of their capability to perform autonomous monitoring, crop analysis, precision spraying, and land 

surveying operations [12], [13]. 

 

This review paper presents a comprehensive study of an AI-powered multi-purpose agricultural UAV capable of 

performing fertilizer and pesticide spraying, crop health monitoring using AI-based image processing, fire detection and 

extinguishing, land surveying and GIS mapping, and animal/human detection for crop protection. The paper reviews 

recent advancements in UAV remote sensing technologies, multispectral and hyperspectral imaging systems, deep 

learning architectures, precision spraying mechanisms, and autonomous navigation systems used in precision agriculture 

[2], [21], [26]. 

 

Deep learning models such as Convolutional Neural Networks (CNNs), YOLO-based object detectors, Faster R-CNN, 

and Vision Transformers have significantly improved crop disease detection, object recognition, and aerial image 

analysis [18], [23], [27]. Remote sensing technologies including RGB imaging, thermal imaging, multispectral sensing, 

hyperspectral sensing, and LiDAR enable accurate vegetation monitoring, disease diagnosis, and terrain mapping [4], 

[24], [25]. Precision spraying systems integrated with AI-assisted decision-making improve spraying efficiency and 

reduce pesticide wastage [14], [29]. 

 

The review concludes that AI-powered multi-purpose agricultural UAVs provide an intelligent, efficient, and sustainable 

solution for next-generation smart farming applications. Continuous advancements in AI, sensor technologies, and 

autonomous UAV systems are expected to further revolutionize modern agriculture [13], [35]. 

 

Keywords: Precision Agriculture, UAV, Agricultural Drone, Artificial Intelligence, Machine Learning, Deep Learning, 

Remote Sensing, Smart Farming, Crop Disease Detection, YOLO, CNN, GIS, Precision Spraying.  

 

I. INTRODUCTION 

 

Agriculture plays a vital role in ensuring food security and economic development across the world. However, modern 

farming faces several major challenges such as increasing population, shortage of agricultural labor, climate change, 

crop diseases, excessive use of pesticides, water scarcity, and reduction in agricultural land availability [3], [16]. 

Conventional farming methods often rely on manual monitoring and traditional spraying techniques, which consume 

more time, labor, and resources while reducing overall productivity. 

 

To overcome these challenges, precision agriculture has emerged as a modern farming approach that integrates advanced 

technologies such as Artificial Intelligence (AI), Machine Learning (ML), Internet of Things (IoT), Geographic 

Information Systems (GIS), robotics, remote sensing, and Unmanned Aerial Vehicles (UAVs) [1], [12], [13]. These 

technologies help farmers monitor crop conditions, optimize resource utilization, reduce operational costs, and improve 
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agricultural productivity. 

 

Among these technologies, UAVs or drones have become one of the most promising solutions for smart agriculture due 

to their flexibility, autonomous operation, real-time monitoring capability, and high-resolution image acquisition [21], 

[31]. Agricultural drones are capable of performing multiple farming operations including crop monitoring, fertilizer 

and pesticide spraying, irrigation analysis, disease detection, land surveying, wildlife monitoring, and yield estimation 

[4], [35]. 

 

Recent advancements in AI and deep learning have significantly enhanced the performance of UAV systems. AI-

powered drones can analyze aerial images, detect crop diseases, identify water stress conditions, estimate crop health, 

and make autonomous decisions in real time [17], [18], [23]. Deep learning models such as Convolutional Neural 

Networks (CNNs), YOLO object detection systems, Faster R-CNN, and Vision Transformers have improved image 

classification and object detection accuracy in agricultural applications [7], [10], [27], [30]. 

 

Remote sensing technologies integrated with UAV systems play an important role in precision agriculture. RGB 

cameras, thermal imaging systems, multispectral sensors, hyperspectral sensors, and LiDAR technologies provide 

detailed information about vegetation health, soil conditions, irrigation requirements, and environmental conditions [2], 

[6], [24], [25]. These technologies enable early disease detection and improve decision-making efficiency. 

 

The proposed AI-powered multi-purpose agricultural UAV integrates several important agricultural functionalities into 

a single intelligent platform capable of: 

● Fertilizer and pesticide spraying 

● Crop health monitoring 

● Fire detection and extinguishing 

● Land surveying and GIS mapping 

● Animal and human detection for crop protection 

● Autonomous agricultural monitoring 

The integration of AI, UAVs, and remote sensing technologies significantly improves agricultural efficiency, reduces 

labor dependency, minimizes pesticide wastage, and supports sustainable farming practices [14], [16], [29]. 

 

II. LITERATURE REVIEW 

 

The application of Unmanned Aerial Vehicles (UAVs), Artificial Intelligence (AI), Machine Learning (ML), deep 

learning, and remote sensing technologies has significantly transformed modern precision agriculture. Several 

researchers have focused on developing UAV-based systems for crop monitoring, disease detection, precision spraying, 

land surveying, and intelligent agricultural management. 

 

Remote sensing technologies integrated with UAV systems play an important role in agricultural monitoring and field 

analysis. Studies such as “UAV & Satellite Synergies for Optical Remote Sensing Applications: A Literature Review” 

and “A Review of the Application of UAV Multispectral Remote Sensing Technology in Precision Agriculture” 

highlighted the importance of multispectral and satellite-integrated UAV systems for vegetation analysis, crop health 

monitoring, and environmental assessment [1], [2]. UAVs equipped with RGB, thermal, multispectral, hyperspectral, 

and LiDAR sensors provide high-resolution aerial imagery and accurate agricultural analysis compared to traditional 

monitoring systems [4], [12]. 

 

Artificial Intelligence and Machine Learning technologies have greatly improved agricultural automation and intelligent 

decision-making. The paper “The Path to Smart Farming: Innovations and Opportunities in Precision Agriculture” 

discussed the role of AI, IoT, and UAV technologies in improving agricultural productivity and sustainability [3]. 

Machine learning algorithms such as Support Vector Machines (SVM), Random Forests, Decision Trees, and deep 

learning architectures are widely used for crop classification, weed identification, irrigation planning, and yield 

estimation [11], [15], [16]. 

 

Deep learning has become one of the most important technologies in precision agriculture. Several studies focused on 

CNN-based and YOLO-based systems for crop disease detection and aerial image analysis. Research papers such as 

“Recognition of Bloom/Yield in Crop Images Using Deep Learning Models for Smart Agriculture”, “Intelligent 

Agriculture: Deep Learning in UAV-Based Remote Sensing Imagery for Crop Diseases and Pests Detection”, and “Deep 

Learning and Computer Vision in Plant Disease Detection” demonstrated that CNNs, Faster R-CNN, Vision 

Transformers, and YOLO architectures provide high accuracy in crop disease detection and pest monitoring [5], [18], 
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[27]. Hyperspectral imaging systems integrated with deep learning further improve disease diagnosis by identifying crop 

stress conditions before visible symptoms appear [24]. 

 

Precision spraying technologies have also gained significant importance in smart farming applications. The paper “A 

Review of Drone Technology and Operation Processes in Agricultural Crop Spraying” discussed UAV-based spraying 

systems and their operational mechanisms [14]. Similarly, the study “A Sustainable Crop Protection Through Integrated 

Technologies: UAV-Based Detection, Real-Time Pesticide Mixing, and Adaptive Spraying” proposed an AI-assisted 

adaptive spraying framework that reduces pesticide wastage while improving spraying efficiency [29]. 

 

Animal and human detection systems are another important area of research in agricultural UAV applications. Deep 

learning-based object detection systems such as YOLO, CNNs, and transformer-based architectures are widely used for 

wildlife monitoring and crop protection [7], [30]. Studies such as “Animal Detection and Counting from UAV Images 

Using Convolutional Neural Networks” and “Automatically Identifying, Counting, and Describing Wild Animals in 

Camera-Trap Images with Deep Learning” demonstrated that UAV-based object detection systems provide accurate 

real-time monitoring of wildlife intrusion [10], [20]. Thermal imaging systems further improve nighttime human and 

animal detection performance [32]. 

 

GIS-integrated UAV systems are widely used for land surveying, topographical mapping, irrigation planning, and 

environmental monitoring. The paper “Advancements and Applications of Drone-Integrated Geographic Information 

System Technology—A Review” highlighted the role of GIS and GPS technologies in precision agriculture and field 

analysis [25]. Additionally, UAV path-planning and obstacle avoidance systems have been developed using algorithms 

such as A*, Dijkstra, and reinforcement learning to improve autonomous navigation efficiency [26]. 

 

Although several researchers have developed UAV systems for crop monitoring, spraying, disease detection, and 

surveying, most existing systems focus only on individual agricultural operations. Very limited research has focused on 

integrating AI-based crop analysis, precision spraying, GIS mapping, fire detection, and animal/human detection into a 

single intelligent UAV framework. Therefore, there is a strong need for an AI-powered multi-purpose agricultural UAV 

system capable of performing multiple agricultural operations autonomously and efficiently. 

 

III. MATERIALS AND METHODS 

 

3.1 Materials Used 

The proposed AI-powered multi-purpose agricultural UAV system integrates advanced hardware components, remote 

sensing technologies, Artificial Intelligence (AI), Machine Learning (ML), and deep learning algorithms to perform 

precision farming operations such as fertilizer and pesticide spraying, crop health monitoring, fire detection, land 

surveying, and animal/human detection. 

 

A. UAV Platform 

A multi-rotor UAV platform is selected for the proposed system because of its stability, hovering capability, 

maneuverability, and suitability for agricultural applications. The UAV frame is designed using lightweight carbon fiber 

material to improve payload handling capacity and flight efficiency. Brushless DC (BLDC) motors and Electronic Speed 

Controllers (ESCs) are used to provide stable propulsion and autonomous flight control. 

 

B. Flight Control and Navigation System 

The UAV uses a flight controller such as Pixhawk or Ardupilot for autonomous navigation, flight stabilization, waypoint 

mapping, and sensor integration. A GPS module is integrated into the system for real-time positioning, geo-tagging, and 

GIS-based land surveying. Obstacle avoidance is achieved using LiDAR and ultrasonic sensors to ensure safe UAV 

navigation during agricultural operations. 

 

C. Remote Sensing Sensors 

Different sensing technologies are integrated into the UAV for crop monitoring and field analysis. 

1. RGB Camera 

RGB cameras capture high-resolution aerial images used for vegetation monitoring, object detection, and field analysis. 

2. Thermal Camera 

Thermal imaging systems detect heat signatures for: 

● Fire detection 

● Human detection 

● Water stress analysis 
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3. Multispectral Sensor 

Multispectral sensors capture specific wavelength bands for vegetation index calculations such as NDVI, which helps in 

crop health assessment and nutrient analysis. 

4. Hyperspectral Sensor 

Hyperspectral imaging systems capture detailed spectral information for advanced crop disease diagnosis and stress 

monitoring. 

5. LiDAR Sensor 

LiDAR technology is used for: 

● Terrain mapping 

● Obstacle detection 

● 3D field modeling 

 

D. Precision Spraying Mechanism 

The UAV is equipped with an intelligent spraying system consisting of: 

● Chemical storage tank 

● Pumps 

● Flow control valves 

● PWM-controlled nozzles 

The spraying mechanism performs adaptive variable-rate spraying based on AI-generated crop analysis. The system 

reduces pesticide wastage and improves spraying efficiency. 

 

E. AI and Deep Learning Models 

Artificial Intelligence and deep learning algorithms are integrated for image processing and agricultural analysis. 

1. Convolutional Neural Networks (CNNs) 

CNN models are used for: 

● Crop disease detection 

● Feature extraction 

● Image classification 

2. YOLO Object Detection 

YOLO-based object detection models are used for: 

● Animal detection 

● Human detection 

● Real-time aerial object recognition 

3. Faster R-CNN 

Faster R-CNN provides highly accurate object detection for crop monitoring and surveillance applications. 

4. OpenCV 

OpenCV libraries are used for: 

● Image preprocessing 

● Segmentation 

● Feature extraction 

● Motion analysis 

 

F. GIS and Mapping System 

The UAV integrates Geographic Information System (GIS) technologies for: 

● Land surveying 

● Terrain mapping 

● Soil analysis mapping 

● Irrigation planning 

The GPS and GIS systems generate topographical maps and agricultural field models for precision farming applications. 

 

G. Working Methodology 

The proposed system operates through the following methodology: 

1. The UAV autonomously navigates through agricultural fields using GPS-based waypoint systems. 

2. Remote sensing sensors capture aerial images and environmental data. 

3. AI and deep learning algorithms analyze the collected data to identify: 

○ Crop diseases 

○ Water stress 

○ Nutrient deficiencies 
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○ Wildlife intrusion 

4. Based on AI analysis, the UAV performs adaptive fertilizer and pesticide spraying. 

5. Thermal cameras continuously monitor field temperature for fire detection. 

6. GIS systems generate land maps and field analysis reports for agricultural planning. 

 

The integration of AI, UAVs, remote sensing, and precision spraying technologies improves agricultural productivity, 

operational efficiency, and sustainable farming practices. 

 

 
FIGURE 1. Accurate Landing of Unmanned Aerial Vehicles Using Ground 

Pattern Recognition 

 

                  
FIGURE 2. Schematization of UAV flight control system    
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FIGURE 3. Example of weed management with UAVs system 

 

 
Figure 4. UAV path-planning process in various conditions. 

 

IV. EXPERIMENTAL PROCEDURE 

 

The experimental procedure of the proposed AI-powered multi-purpose agricultural UAV system was designed to 

evaluate the performance of the UAV in precision spraying, crop health monitoring, fire detection, land surveying, and 

animal/human detection applications. The complete experimental setup consists of UAV hardware integration, sensor 

calibration, AI model implementation, flight testing, and agricultural data analysis. 

 

4.1 UAV Assembly and Hardware Integration 

Initially, the UAV frame was assembled using lightweight carbon fiber material to provide structural strength and reduce 

overall weight. Brushless DC (BLDC) motors, Electronic Speed Controllers (ESCs), propellers, batteries, and the flight 

controller were mounted on the UAV frame. A GPS module was integrated for autonomous navigation and waypoint 

mapping. 

The following sensors and modules were installed on the UAV platform: 

● RGB camera 

● Thermal camera 

● Multispectral sensor 

● LiDAR sensor 

● Ultrasonic obstacle avoidance sensors 

● Precision spraying mechanism 

● Fire extinguishing module 

The spraying system included a chemical storage tank, pump, PWM-controlled nozzles, and flow control valves for 

adaptive spraying operations. 

 

4.2 Flight Controller Configuration 

The flight controller was programmed using autonomous flight software such as Ardupilot or Pixhawk firmware. The 

UAV was calibrated for: 

● Gyroscope calibration 
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● Accelerometer calibration 

● Compass calibration 

● GPS configuration 

● Motor speed synchronization 

Waypoint navigation and autonomous flight paths were configured for agricultural field operations. 

 

4.3 Sensor Calibration and Data Collection 

The RGB, thermal, and multispectral cameras were calibrated before conducting field experiments. UAV flights were 

performed over agricultural fields at different altitudes to capture aerial imagery and environmental data. 

The collected data included: 

● Crop images 

● Thermal signatures 

● Vegetation indices 

● Soil condition data 

● Field topography 

GIS-based mapping software was used to generate field maps and terrain models. 

 

4.4 AI Model Training and Implementation 

Deep learning models such as CNN and YOLO architectures were trained using agricultural image datasets for: 

● Crop disease detection 

● Animal detection 

● Human detection 

● Vegetation analysis 

The datasets included aerial images of: 

● Healthy crops 

● Diseased crops 

● Wild animals 

● Human intruders 

Image preprocessing techniques such as resizing, normalization, segmentation, and augmentation were performed before 

model training. The trained models were implemented using Python, TensorFlow, and OpenCV libraries. 

 

4.5 Precision Spraying Experiment 

The precision spraying system was tested under different agricultural conditions. The UAV autonomously navigated 

through predefined paths while performing adaptive pesticide and fertilizer spraying. 

The following parameters were analyzed: 

● Spray coverage area 

● Flow rate 

● Droplet distribution 

● Spraying accuracy 

● Chemical usage efficiency 

PWM-controlled nozzles were used to regulate spray intensity based on crop health analysis. 

 

4.6 Crop Health Monitoring Experiment 

Crop monitoring experiments were conducted using RGB, thermal, and multispectral imagery. AI algorithms analyzed 

vegetation indices and crop conditions to identify: 

● Nutrient deficiencies 

● Water stress 

● Disease symptoms 

● Pest-affected regions 

NDVI analysis was used to evaluate vegetation health and crop growth conditions. 

 

4.7 Animal and Human Detection Experiment 

YOLO-based object detection models were tested for real-time animal and human detection. UAV aerial imagery was 

analyzed to identify: 

● Wild animals 

● Birds 

● Livestock 

● Human intruders 
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Thermal imaging systems were additionally used for nighttime detection experiments. 

 

4.8 Fire Detection and Extinguishing Experiment 

Thermal cameras continuously monitored temperature variations in agricultural fields. Artificial fire conditions were 

created in a controlled environment to test the fire detection mechanism. 

When abnormal heat signatures were detected: 

1. The UAV autonomously navigated toward the affected area. 

2. The fire extinguishing system was activated. 

3. Thermal monitoring confirmed fire suppression. 

 

4.9. Performance Evaluation 

The overall system performance was evaluated based on: 

● Detection accuracy 

● Flight stability 

● Spraying efficiency 

● Remote sensing accuracy 

● Navigation performance 

● Fire detection response time 

● Object detection accuracy 

The experimental results demonstrated that the proposed AI-powered multi-purpose agricultural UAV system effectively 

performs smart farming operations with improved efficiency, accuracy, and sustainability. 

 

 
Figure 5. Process and formulation of GIS using drones. 

 

V. RESULTS AND DISCUSSION 

 

The experimental analysis of the proposed AI-powered multi-purpose agricultural UAV system demonstrated significant 

improvements in precision farming operations including crop health monitoring, precision spraying, land surveying, fire 

detection, and animal/human detection. The integration of Artificial Intelligence (AI), deep learning, remote sensing 

technologies, and GIS-based mapping systems improved operational efficiency, accuracy, and real-time agricultural 

decision-making. 

 

5.1 Crop Health Monitoring Results 

The UAV successfully captured high-resolution RGB, thermal, and multispectral images of agricultural fields during 

autonomous flight operations. Vegetation analysis using NDVI and multispectral imaging effectively identified: 

● Nutrient deficiencies 

● Water stress conditions 
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● Disease-affected regions 

● Variations in crop growth 

Deep learning models such as CNNs achieved high accuracy in crop disease detection and classification. Early disease 

identification enabled faster preventive action, reducing crop damage and improving agricultural productivity. 

Hyperspectral analysis further improved disease diagnosis by identifying stress conditions before visible symptoms 

appeared. 

 

5.2 Precision Spraying Performance 

The adaptive spraying mechanism demonstrated improved spraying efficiency compared to conventional manual 

spraying techniques. PWM-controlled nozzles regulated pesticide flow based on crop health analysis generated by AI 

algorithms. 

The precision spraying system achieved: 

● Reduced pesticide wastage 

● Improved spray distribution 

● Better target coverage 

● Reduced environmental contamination 

AI-assisted spraying significantly optimized agrochemical usage and minimized excessive chemical application. 

 

5.3 GIS Mapping and Land Surveying Results 

The UAV successfully generated GIS-based field maps, topographical models, and orthographic images using remote 

sensing and photogrammetry techniques. The integration of GPS, LiDAR, and GIS technologies improved land 

surveying accuracy and enabled: 

● Terrain mapping 

● Field boundary identification 

● Irrigation planning 

● Soil analysis mapping 

The generated GIS maps provided detailed agricultural information useful for precision farming applications. 

 

5.4 Animal and Human Detection Results 

YOLO-based object detection models successfully detected animals, birds, livestock, and human intruders from aerial 

imagery. Real-time object detection improved crop protection and surveillance capability. 

Thermal imaging systems enhanced nighttime detection performance by identifying heat signatures under low-light 

conditions. Transformer-based detection architectures provided improved detection accuracy in complex agricultural 

environments. 

 

5.5 Fire Detection Performance 

The thermal sensing system effectively detected abnormal temperature variations and identified fire-affected regions 

during controlled experiments. The UAV autonomously navigated toward the fire location and activated the fire 

extinguishing mechanism. 

The fire detection system demonstrated: 

● Rapid response capability 

● Accurate thermal monitoring 

● Autonomous emergency operation 

This functionality significantly improves agricultural field safety and disaster management. 

 

5.6 UAV Navigation and Flight Stability 

The autonomous navigation system achieved stable flight performance during agricultural operations. GPS-based 

waypoint navigation and obstacle avoidance systems enabled efficient field coverage and reduced collision risks. 

LiDAR and ultrasonic sensors successfully detected obstacles during flight operations, improving UAV operational 

safety. 

 

5.7 Overall System Performance 

The proposed AI-powered agricultural UAV system demonstrated efficient integration of: 

● AI-based crop analysis 

● Precision spraying 

● GIS mapping 

● Remote sensing 

● Fire detection 
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● Object detection 

The system significantly reduced manual labor requirements while improving agricultural monitoring efficiency and 

sustainability. 

 

Although the proposed system showed promising performance, certain limitations such as limited battery life, payload 

constraints, environmental dependency, and high computational requirements were observed during experiments. Future 

improvements in battery technology, edge AI processing, and autonomous UAV coordination can further enhance 

system performance. 

 

Overall, the experimental results indicate that the proposed multi-purpose agricultural UAV system provides an effective 

and intelligent solution for next-generation precision agriculture and smart farming applications. 

 

VI. CONCLUSION 

 

The proposed AI-powered multi-purpose agricultural UAV system demonstrates the potential of integrating Unmanned 

Aerial Vehicles (UAVs), Artificial Intelligence (AI), deep learning, remote sensing, and GIS technologies for modern 

precision agriculture. The system is capable of performing multiple agricultural operations such as crop health 

monitoring, precision fertilizer and pesticide spraying, fire detection and extinguishing, land surveying, and 

animal/human detection for crop protection. The integration of intelligent image processing, autonomous navigation, 

and remote sensing technologies improves agricultural productivity, operational efficiency, and sustainable farming 

practices. The overall study shows that AI-enabled UAV systems can significantly reduce manual labor, optimize 

resource utilization, and support next-generation smart farming applications. 

The following conclusions were drawn: 

● AI-powered UAV systems provide an effective solution for modern precision agriculture applications. 

● The integration of remote sensing, Artificial Intelligence (AI), and deep learning significantly improves crop 

monitoring and agricultural decision-making. 

● Multispectral, hyperspectral, thermal, and RGB imaging technologies enhance crop health analysis, disease 

detection, and vegetation monitoring. 

● Precision fertilizer and pesticide spraying using UAVs reduces chemical wastage and improves spraying 

efficiency. 

● Deep learning models such as CNNs, YOLO, and Faster R-CNN improve crop disease detection and real-time 

object recognition accuracy. 

● GIS-integrated UAV systems improve land surveying, terrain mapping, irrigation planning, and agricultural 

field analysis. 

● Thermal imaging systems enable effective fire detection and autonomous emergency response in agricultural 

environments. 

● AI-based animal and human detection systems improve crop protection and agricultural surveillance capability. 

● Autonomous navigation and obstacle avoidance technologies improve UAV operational safety and field 

coverage efficiency. 

● The proposed multi-purpose agricultural UAV system supports sustainable farming by reducing labor 

requirements, minimizing environmental impact, and improving agricultural productivity. 

 

VII. FUTURE SCOPE 

 
The future scope of AI-powered agricultural UAV systems is highly promising due to advancements in Artificial 

Intelligence (AI), deep learning, remote sensing, and autonomous drone technologies. Future systems can be improved 

by integrating swarm UAV technology, Edge AI processing, IoT-based smart farming, and advanced obstacle avoidance 

systems for fully autonomous agricultural operations. 

The following future developments can further enhance the proposed system: 

● Integration of swarm UAV systems for large-scale farming operations. 

● Implementation of Edge AI for real-time onboard processing. 

● Use of advanced deep learning models for accurate crop disease detection. 

● Development of solar-powered UAVs to improve flight endurance. 

● Integration of IoT and cloud computing for smart farm management. 

● Improvement in autonomous navigation and obstacle avoidance systems. 

● Enhancement of GIS-based land surveying and precision spraying technologies. 

Overall, future advancements in AI and UAV technologies are expected to make precision agriculture more efficient, 

sustainable, and fully automated. 
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