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Abstract- The Smart Drone System integrates 

autonomous drone operation, image processing, and 

wireless communication to automate multi-drone 

deployment and coordination. Using a laptop with an 

onboard camera, the system detects QR codes containing 

a predefined keyword, such as "FIRE," triggering a 

sequence that activates drones in a controlled, sequential 

manner. The drones perform predefined tasks such as 

takeoff, flight, hovering, or landing, all without manual 

intervention. This system leverages Wi-Fi for reliable 

communication, ensuring smooth operations across 

multiple drones. The use of image recognition allows for 

immediate response in time-sensitive situations like fire 

detection or surveillance, minimizing human 

intervention and reducing response times. The system’s 

scalability supports both small and large-scale 

applications, with potential use cases in emergency 

response, industrial inspection, border surveillance, and 

more. The Smart Drone System demonstrates the 

potential of autonomous, intelligent drone coordination, 

paving the way for future advancements in drone 

swarming and multi-agent systems. 
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I.INTRODUCTION 

 

In today’s world, drones have become one of the most 

versatile technologies, with applications ranging from 

photography and surveillance to agriculture and 

disaster management. However, the need for smarter, 

autonomous, and responsive drone systems is rising 

rapidly as industries look for solutions that minimize 

human effort and reaction time. The Smart Drone 

System aims to fulfill this need by integrating drone 

control with image processing and QR code 

recognition. Our project focuses on building a dual-

drone system that operates based on visual triggers 

rather than manual commands. We use two Litewing 

drones that are connected via Wi-Fi to a central laptop, 

which acts as the command and processing unit. The 

laptop’s inbuilt camera continuously monitors the 

environment for QR codes. When a QR code is 

detected and decoded, the system checks whether it 

contains the keyword “FIRE.” If the word is present, 

the drones are triggered to respond taking off 

sequentially, performing their designated flight 

actions, and then landing. The key technologies 

involved include OpenCV-based image processing for 

QR detection and decoding, Python automation scripts 

for drone command transmission, and Wi-Fi 

communication modules for switching and 

synchronization between the drones. The process 

ensures a systematic, one-by-one deployment to 

prevent collision and ensure stable control. This 

project demonstrates how vision-based triggers can 

make unmanned aerial vehicles (UAVs) more 

intelligent and autonomous. Instead of relying on 

remote pilot input, the system reacts to visual cues in 

real time making it ideal for emergency or hazardous 

scenarios where human intervention is risky or 

delayed. The use of QR codes provides a simple yet 

reliable way to encode command instructions for the 

drones. In summary, the Smart Drone System shows 

how artificial intelligence and drone technology can 

merge to create efficient and responsive automation. 

The same principle can later be adapted to large-scale 

operations like search and rescue, automatic fire 

detection, delivery management, or even coordinated 

swarm drone systems. 
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II.LITERATURE SURVEY 

 

2.1 Autonomous Drone Systems 

Autonomous drone systems have gained significant at-

tention in recent years, primarily due to their ability to 

perform tasks with minimal human intervention. 

Hussain and Ali (2021) provide an extensive review of 

the various technologies employed in autonomous 

drones, emphasizing advancements in navigation, con-

trol algorithms, and communication systems. The in-

tegration of sensors, GPS, and flight controllers has al-

lowed drones to operate autonomously in environ-

ments with limited human oversight. These systems 

are used in diverse fields such as surveillance, envi-

ronmental monitoring, and emergency response. 

 

2.2 Image Processing for Autonomous Navigation 

Real-time image processing plays a crucial role in en-

abling drones to understand and interact with their en-

vironment. Zhou et al. (2020) explore the application 

of machine learning algorithms for real-time image 

processing in autonomous drone navigation. They 

highlight the effectiveness of convolutional neural net-

works (CNNs) in identifying obstacles, detecting ob-

jects, and enabling drones to make navigation deci-

sions. The integration of such algorithms enhances the 

drone's ability to operate in dynamic environments, 

which is essential for tasks like search and rescue mis-

sions or industrial inspections. 

 

2.3 QR Code Detection in Autonomous Systems 

The use of QR codes as visual triggers for automated 

systems has been explored in several research efforts. 

Chung and Kim (2022) propose a QR code-based 

drone activation system for emergency response appli-

cations. They demonstrate how QR codes, when 

placed in strategic locations, can serve as effective 

markers to activate drones autonomously in case of 

emergencies. Their system uses computer vision tech-

niques to detect QR codes from a camera feed and trig-

ger corresponding drone actions, such as takeoff or 

route planning. This method aligns closely with the 

visual trigger mechanism used in the Smart Drone 

System described in this paper. 

 

2.4 Multi-Drone Coordination 

One of the key challenges in autonomous drone sys-

tems is coordinating multiple drones to work together 

efficiently. Chen and Wang (2019) present a survey on 

the communication protocols necessary for multi-

drone systems. They emphasize the importance of ro-

bust wireless communication and synchronization 

techniques to ensure seamless operation between 

drones. The ability to manage multiple drones in a co-

ordinated manner is crucial in large-scale applications 

such as disaster response, surveillance, and environ-

mental monitoring. 

The Internet of Drones (IoD) is another growing area 

of research. Wang and Liu (2021) discuss the concept 

of IoD, where multiple drones communicate with each 

other and collaborate on tasks autonomously. This 

communication network is facilitated by wireless tech-

nologies like Wi-Fi, ensuring efficient data transfer 

between drones and central control units. The archi-

tecture used in the Smart Drone System for managing 

multi-drone communication draws upon these find-

ings to ensure smooth operation across multiple units. 

 

2.5 Wireless Communication Protocols for Drone 

Networks 

Wireless communication is critical for the real-time 

control of drones, especially when operating in dy-

namic or remote environments. Li and Xu (2021) fo-

cus on the wireless communication protocols used in 

multi-drone networks, discussing the challenges asso-

ciated with maintaining a stable and high-speed com-

munication link. They present various approaches to 

ensure reliable data transfer, even in complex scenar-

ios with numerous drones, by using lightweight com-

munication protocols optimized for low-latency and 

high-reliability data transmission. 

Similarly, Zhang and Liu (2019) explore low-power 

communication techniques for drone networks, which 

are especially beneficial in long-duration flights and 

remote locations. These advancements in wireless pro-

tocols are essential for systems like the Smart Drone 

System, where multiple drones must communicate 

seamlessly over Wi-Fi networks. 

2.6 Applications of Autonomous Drone Systems 

The versatility of autonomous drones has led to their 

widespread use in a variety of applications. Rasmus-

sen and Gadh (2018) highlight the role of drones in 

industrial applications, particularly for inspecting haz-

ardous or hard-to-reach areas, such as chemical plants 

or power lines. Their study underscores the ability of 

drones to autonomously carry out inspection tasks, 
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reducing the need for human intervention in dangerous 

environments. 

In emergency response, drones have become an inval-

uable tool for first responders. Yu and Zhao (2020) 

present the concept of drone swarms for autonomous 

surveillance and search operations, which can signifi-

cantly reduce response times in disaster zones. Drones 

can autonomously cover large areas, identify survi-

vors, and relay critical data back to emergency teams. 

This application is closely related to the capabilities of 

the Smart Drone System, which can automatically de-

ploy drones in response to detected hazards, such as 

fire or smoke. 

2.7 Challenges and Future Directions 

Despite the impressive advancements, several chal-

lenges remain in the field of autonomous drone 

systems. Smith and Patel (2020) address the chal-

lenges associated with computer vision algorithms in 

drone technologies, particularly in low-light or ad-

verse weather conditions. The need for robust vision-

based systems that can function in a variety of envi-

ronmental conditions is crucial for the widespread 

adoption of drones in real-world applications. 

Future developments in autonomous drone systems 

are expected to focus on improving the capabilities of 

drone swarming, enabling drones to collaborate more 

effectively and autonomously. Rasmussen and Gadh 

(2018) also highlight the importance of improving 

drone autonomy through machine learning and artifi-

cial intelligence, which can enhance decision-making 

and adapt to changing environments. 

 

III. BLOCK DIAGRAM AND WORKING PRINCIPLE 

 

 
Fig 3.1 Block Diagram of Smart Drone System 

 

The Smart Drone System is designed to automate the 

deployment of drones based on visual cues. A central 

laptop continuously monitors the environment through 

its onboard camera. When a QR code with the key-

word “FIRE” appears in the camera's field of view, the 

image recognition algorithm detects the code, and a 

wireless communication protocol is activated to send 

commands to the drones. The drones then execute the 

predefined flight tasks autonomously, including take-

off, flight path execution, hovering, and landing, with-

out any direct manual control. 

The block diagram of the Smart Drone System is di-

vided into several key components that interact with 

each other to execute the tasks of drone deployment, 

QR code detection, and real-time control. Each block 

represents a function or a unit in the system, and the 

connections between them illustrate the flow of infor-

mation. 

3.1 Central Laptop 

• Function: 

o The central laptop is the heart of the system and 

manages the entire operation. 
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o It processes the real-time video stream from the 

drones’ cameras and performs image processing. 

o The laptop uses a custom-built software system 

that includes the QR code recognition algorithm. 

o Once the QR code with the keyword “FIRE” is 

detected, it sends commands to the drones to ini-

tiate their actions. 

• Inputs: 

o Real-time video feed from drones’ cameras. 

o Image processing data (QR code recognition). 

• Outputs: 

o Command signals to activate drones. 

o Control instructions (take-off, landing, etc.). 
 

3.2 Image Processing Unit 

• Function: 

o This unit performs the crucial task of scanning the 

video feed for QR codes. 

o It uses computer vision algorithms (such as 

OpenCV) to identify and decode QR codes. 

o The system looks for specific keywords (like 

“FIRE”) embedded in QR codes to trigger further 

actions. 

• Inputs: 

o Video feed from drone cameras. 

• Outputs: 

o QR code detection signal with data (if QR code 

with “FIRE” is detected). 
 

3.3 Wi-Fi Communication Module  

• Function: 

o This block enables communication between the 

central laptop and the drones. 

o It ensures that the laptop can wirelessly send com-

mands to the drones, and the drones can send 

feedback such as status updates (e.g., landing, fly-

ing). 

• Inputs: 

o Control signals from the central laptop. 

o Drone status updates (e.g., flying, landing). 

• Outputs: 

o Command signals sent to drones for actions like 

takeoff and landing. 

 

3.4 Drone 1 & Drone 2 

• Function: 

o The drones are the main actuators in the system. 

They are responsible for taking off and perform-

ing predefined actions (e.g., flying, taking images, 

landing) based on the commands from the central 

laptop. 

o Each drone is equipped with a camera that cap-

tures video, which is streamed back to the laptop 

for QR code detection. 

o The drones are equipped with a flight controller, 

motors, and a battery that powers the system. 

• Inputs: 

o Command signals (take off, fly, land) from the 

central laptop via Wi-Fi. 

o Real-time video data streamed to the laptop. 

• Outputs: 

o Drone status (e.g., "flying," "landing"). 

 

3.5 QR Code Detection (Image Recognition Unit) 

• Function: 

o This component analyzes the video feed from the 

drone's camera to detect QR codes. 

o Once the QR code containing the keyword 

“FIRE” is detected, it triggers the next operation 

(activating the drone). 

• Inputs: 

o Real-time video feed from drone cameras. 

• Outputs: 

o Detection results (QR code with keyword 

“FIRE”) that trigger drone actions. 
 

IV. SYSTEM ARCHITECTURE AND 

COMPONENTS 

The Smart Drone System is an integrated solution 

comprising several key components that work collab-

oratively to automate the deployment and control of 

drones through visual triggers. These components are 

outlined as follows: 

1. Drones (Litewing Drones): 

The system utilizes Litewing drones, which are 

designed to perform autonomous tasks including 

takeoff, navigation, hovering, and landing. Each 

drone is equipped with necessary sensors and mo-

tors for controlled flight and stabilization. 

2. Central Laptop (System Control): 

The laptop serves as the central control unit, man-

aging the entire operation of the system. It is 

equipped with an onboard camera to continuously 

capture the environment and run an image recog-

nition algorithm to detect visual triggers, such as 

QR codes. 

3. Camera (Onboard the Laptop): 
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The onboard camera captures real-time video 

footage, which is processed by the image recogni-

tion algorithm to identify QR codes or other visual 

markers within the field of view. The camera acts 

as the eyes of the system, enabling it to respond to 

specific triggers in the environment. 

4. Image Recognition Algorithm: 

The heart of the system’s automation, the image 

recognition algorithm scans the video feed from 

the camera in real-time to detect QR codes em-

bedded with predefined keywords (e.g., "FIRE"). 

When the algorithm identifies a QR code, it initi-

ates the corresponding actions, triggering the 

drone's flight operations. 

5. QR Codes (Visual Triggers): 

QR codes are used as markers to trigger specific 

actions in the system. When a QR code with a des-

ignated keyword (such as “FIRE”) is detected, it 

activates the drones and prompts them to follow 

predefined flight paths for tasks such as monitor-

ing, rescue, or assessment. 

6. Wireless Communication (Wi-Fi): 

Wi-Fi communication is the primary means for 

the laptop to interact with the drones. The system 

uses reliable, high-speed wireless communication 

to send control commands and ensure smooth, se-

quential activation of the drones, which is crucial 

for coordinated operations. 

7. Predefined Flight Paths & Drone Actions: 

Once triggered, the drones follow predefined 

flight paths, including takeoff, hovering at spe-

cific altitudes, and landing. These flight patterns 

are programmed based on mission requirements, 

ensuring that the drones perform their tasks auton-

omously without human intervention. 

8. Control Software (Laptop System Interface): 

The software interface on the laptop provides a 

graphical interface to monitor drone operations. It 

allows operators to oversee the status of drones, 

manage commands, and track real-time data, 

though the system is designed to minimize human 

intervention through automation. 

9. Power Supply: 

The power supply ensures the uninterrupted oper-

ation of the system. The drones are powered by 

onboard batteries, while the laptop relies on its 

own power source, ensuring both devices remain 

operational during missions. 

10. Communication Protocols & Algorithms: 

The system is built to handle multiple drones, em-

ploying communication protocols and coordina-

tion algorithms to ensure that each drone follows 

its assigned tasks without interference. The proto-

cols manage the prioritization and scheduling of 

commands to prevent conflicts and ensure smooth 

operations. 

 
Figure 4.1: Drone Component Layout (ESP32-S3 Board) 
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This figure shows the layout and key components of a 

drone using the ESP32-S3 system on chip (SoC). It 

includes labels for GPIO pins, sensors, motor drivers, 

battery charger, and other essential modules, 

providing a comprehensive view of the drone's 

hardware. 

 

 
Figure 4.2: LiteWing Drone Layout 

This diagram illustrates the layout of the LiteWing 

drone, showcasing components such as the ESP32-S3 

SoC, motor driver circuits, charging port, battery 

connectors, and sensors like the MPU6050. It 

highlights the functional areas crucial for drone 

operation, including power management and motor 

control. 

V. APPLICATIONS 

 

1. Fire Detection and Response: The system can 

automatically deploy drones when fire related QR 

codes or visual cues are detected, enabling early fire 

surveillance. 

2. Disaster Management: The drone can be triggered 

for search and rescue operations when specific 

markers are recognized in the field.  

3. Industrial Monitoring: Factories can use such 

vision-based triggers to monitor critical zones and 

automatically launch inspection drones.  

4. Security and Surveillance: The system can detect 

QR or symbol-based alerts in restricted areas and send 

drones to inspect or capture footage.  

5. Agricultural Automation: QR codes placed in 

farmlands can trigger drones for spraying or crop 

inspection activities based on visual inputs.  

This technology can also be expanded for delivery 

logistics, automatic border patrol, and smart city 

surveillance — wherever intelligent and timely drone 

responses are required. 

 

VI. CONCLUSION 

 

The Smart Drone System successfully demonstrates 

how computer vision and IoT-based control can 

transform ordinary drones into intelligent, 

autonomous machines. By using image processing for 

QR code detection and keyword recognition, the 

system enables drones to respond automatically to 

visual stimuli without manual interference. This is a 

significant step toward realizing intelligent automation 

where machines can make decisions based on what 

they “see.” The use of Wi-Fi switching for drone 

communication ensures a smooth transition between 

commands, allowing multiple drones to operate 

sequentially and safely. In this project, two Litewing 

drones act as prototypes for a scalable system that 
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could potentially control an entire fleet. The laptop 

serves as the central brain, processing camera inputs 

and sending wireless commands efficiently. The QR-

based activation mechanism has numerous benefits — 

it is cost-effective, simple to implement, and highly 

flexible. It can easily be customized for different 

keywords or actions. In emergency scenarios like fire 

detection, time plays a crucial role, and this system 

enables nearinstant drone deployment once the 

condition is recognized. Moreover, the project bridges 

multiple domains — robotics, artificial intelligence, 

image processing, and wireless networking. It 

highlights how interdisciplinary integration can yield 

systems capable of real-time automation. The same 

approach can be expanded to build autonomous 

surveillance systems, delivery fleets, or swarm drones 

that can operate in coordination based on visual 

instructions. In the broader sense, this project is a 

glimpse into the future of smart robotics, where human 

intervention is minimized, and machines operate on 

intelligent perception. It sets the foundation for 

developing vision-driven automation systems that are 

faster, smarter, and safer. The Smart Drone System not 

only enhances operational efficiency but also opens 

the door to scalable innovations in multiple industrial, 

defense, and civil domains. 
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