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A B S T R A C T : 

The construction and working of drones, also known as unmanned aerial vehicles (UAVs), which are increasingly used in fields such as agriculture, surveillance, 

aerial photography, and delivery systems. A drone typically consists of a lightweight frame, brushless DC motors, a flight controller, a battery, and various 

sensors including and GPS modules. The brushless motors drive the propellers to generate lift and thrust, enabling the drone to hover, ascend, descend, and 

maneuver in different directions. 

The flight controller acts as the brain of the drone, processing data from the sensors and executing control algorithms to maintain balance and respond to user 

inputs. ESCs regulate the speed of each motor based on signals from the flight controller. Power is supplied by a lithium polymer (Li-Po) battery, providing the 

necessary energy for flight. Drones are usually controlled remotely via a transmitter, though many can also operate autonomously using pre-programmed flight 

paths. 

By combining mechanical design, electronics, and software, drones are capable of stable, flexible flight, making them valuable tools in various industries. This 

project highlights the basic structure and functionality of drones and their growing significance in modern technology. 

 
Keywords: Unmanned Aerial Vehicle (UAV), Flight Controller, Brushless DC Motors, Li-Po Battery, Sensors, Autonomous Flight, Remote Control, 

Drone Applications. 

Main text 

Drones are also known as Unmanned Aerial Vehicles (UAVs), have become a major technological innovation with wide-ranging applications in fields 

like agriculture, disaster management, logistics, and aerial photography. Initially developed for military use, drones are now essential tools in many 

industrial sectors due to their ability to perform tasks remotely, access difficult locations, and capture real-time data. 

A typical drone is constructed using a lightweight frame made of materials like carbon fiber or plastic, ensuring durability and easy maneuverability. 

Each arm of the drone holds a brushless DC motor connected to a propeller. These motors are favored for their high efficiency and long service life. 

Motor speed is regulated by Electronic Speed Controllers (ESCs), which respond to signals from the flight controller—the central processing unit of the 

drone. 

The flight controller receives data from various sensors such as gyroscopes, accelerometers, GPS, and barometers to stabilize and control the drone’s 

movement. It interprets user inputs or pre-set commands and adjusts motor speeds accordingly. Drones are powered by rechargeable Lithium Polymer 

(Li-Po) batteries, which provide a balance between weight and energy capacity, though flight duration is typically limited. 

Control is usually achieved through a remote transmitter or a ground control system. Some advanced drones support autonomous navigation using GPS 

and onboard software. Communication systems also transmit live video and telemetry back to the user. 

With ongoing advancements in hardware and automation, drones continue to evolve, offering smarter, more reliable, and more efficient performance 

across various sectors. 

2)Principle of a drone 

      The operation of a drone, particularly multirotor types like quadcopters, is based on the principles of aerodynamic lift, thrust, and torque balance. 
These forces are controlled using motors, propellers, sensors, and onboard electronics to achieve stable and responsive flight.A drone flies by 

generating lift through the rapid rotation of multiple propellers, each powered by a brushless DC motor. These propellers are positioned vertically, 

and when they spin, they push air downward, creating an upward force. When this lift force exceeds the drone’s weight, it ascends; when it’s less, 
the drone descends. 

To move in different directions, the drone adjusts the speed of individual motors: 

• Pitch allows forward or backward movement by speeding up or slowing down the front or rear motors. 

• Roll enables left or right movement by adjusting the motors on either side. 

http://www.ijrpr.com/


International Journal of Research Publication and Reviews, Vol (6), Issue (4), April (2025), Page – 15154-15161                          15155 

 

• Yaw (rotation) is achieved by varying motor speeds to create a torque difference. 

The flight controller acts as the drone’s central unit, processing data from sensors and GPS. It ensures balance, corrects orientation, and manages 
input from the user or pre-set flight paths. 

3)Working of a Drone 

The working of a drone is based on the principles of aerodynamics and real-time electronic control. A typical multirotor drone, such as a quadcopter, 

uses four brushless DC motors, each connected to a propeller. These motors spin the propellers at high speed to generate thrust. When the thrust 

produced is greater than the gravitational force, the drone lifts off the ground. The direction and stability of the drone are managed by adjusting the 

speed of individual motors. For example, increasing the speed of the front motors and decreasing the speed of the rear motors will tilt the drone forward, 

allowing it to move ahead—this is known as pitch. Similarly, adjusting the left and right motor speeds controls the roll, and varying opposite motor 

pairs helps the drone rotate or yaw. 

At the heart of the system is the flight controller, which acts as the brain of the drone. It processes data from sensors like gyroscopes, accelerometers, 

barometers, and GPS modules to maintain balance and orientation during flight. The controller responds to manual commands from the remote 

controller or follows pre-programmed flight paths. Electronic Speed Controllers (ESCs) receive signals from the flight controller and regulate the 

voltage to each motor accordingly. Power is supplied by a rechargeable Lithium Polymer (Li-Po) battery, and live communication with the operator is 

maintained through radio signals or telemetry systems. All these components work in coordination, allowing the drone to fly, hover, maneuver, and 

perform complex aerial tasks with precision. 

4)Methodology 

   a) Block Diagram 

 

Fig: 1  Block Diagram of the drone 

a) Power Supply 

The power supply is the foundational block that energizes the entire system. Typically powered by Lithium Polymer (Li-Po) batteries, it supplies 

energy to the motors, Electronic Speed Controllers (ESCs), sensors, flight controller, and communication modules. Key factors to consider in the power 

system include appropriate voltage and current ratings, discharge rate (C-rating), and the presence of a Battery Management System (BMS) for safety 

and efficiency. 

b) Flight Controller 

The flight controller serves as the brain of the drone, processing real-time data from sensors to maintain stability and control. It executes essential tasks 

such as PID control, stabilization, attitude correction, and mode switching (manual, GPS hold, or autonomous). Popular flight controllers include 

Pixhawk, Ardupilot, and DJI Naza. 

c) Sensors 

Various sensors are integrated to provide vital feedback to the flight controller. These include an IMU (Inertial Measurement Unit) for orientation 

sensing, gyroscopes and accelerometers for balance and movement detection, a GPS module for navigation and waypoint tracking, a barometer for 

altitude estimation, and a magnetometer for heading alignment. 
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d) Motors 

Motors and ESCs form the propulsion unit of the drone. ESCs regulate the power delivered from the battery to the motors under the flight controller’s 

command. Brushless DC (BLDC) motors are commonly used due to their high efficiency and excellent power-to-weight ratio, converting electrical 

energy into the mechanical thrust required for lift and maneuverability. 

e) Ground Control Station 

The Ground Control Station (GCS) is also known as Remote controller or Transmitter. It provides a remote interface for the operator to control and 

monitor the drone. It uses software like Mission Planner or QGroundControl, typically accessed via a mobile device or computer. The GCS is 

instrumental in setting flight plans, monitoring telemetry, and adjusting flight parameters in real time. 

f) Communication System 

The communication system ensures two-way data exchange between the drone and the operator. It consists of RF transceivers operating on frequencies 

such as 2.4 GHz or 5.8 GHz, and telemetry modules like SiK radios. This system transmits real-time telemetry from the drone to the GCS and relays 

control commands from the pilot back to the drone. 

5) Selection of the components 

a) Frame Selection 

The drone frame holds all components and comes in sizes measured diagonally motor to-motor (e.g., 250mm, 450mm). Racing drones use smaller 

(210–250mm) frames for speed, while cinematic drones use larger ones (450mm+) for stability and camera mounting. Carbon fiber is ideal for its 

strength and light weight. Ensure the frame has compatible motor mounts and enough space for the flight controller, ESC, receiver, and battery. 

Consider arm thickness, propeller clearance, and weight capacity when choosing a frame.  
Table:1 The Frame Selection Of Ranges 

  

 

 

 

b) Brushless Dc Motors 

These are the powerhouses that give our quad the thrust to reach the insane speeds modern drones are reaching. There’s alot of brushless motor choices 

out there for mini quad, it’s hard to decide. When choosing motors, there are specs that comes with the motor provided by the manufacturer. We should 

be able to find detailed information about the weight, thrust, power, rpm etc. 
Table:2 Selection of motor size depend on Prop size 

 

c) Drone Electronic Speed Controller(ESC) 

These small components known as electronic speed controllers are what produces the three phase AC current needed to drive the motors. The flight 

controller sends a signal to the ESC to let it know how fast it wants it to spin the motor at a given point in time. The drone need one esc for each 

motor,we can fix either get four separate ESCs to mount them on the arms or get an all in one board that sits inside the frame. 

d) Drone Flight Controller 

Prprop size RRough Frame size MMin Arm Thickness 

2’’ 95mm 2.5mm 

3’’ 130mm 3mm 

4’’ 180mm 3mm 

5’’ 220mm 4mm 

6’’ 250mm 4mm 

PrProp size Recommended Stator Size RRecommended Magnet Height Recommended Motor KV Recommended ESC Size 

2” 11 03 – 06 4000 – 8000 6 – 12A 

3” 13-14 06 – 07 3000 – 4000 12 – 20A 

4” 13-22 (Frame Dependent) 04 – 07 2400 – 2900 20A 

5” 22-23 05 – 07 2200 – 2800 20 – 35A 

6” 22-23 06-08 2200 – 2800 30 – 40A 

7” 300mm+ 06+ 1800 – 2300 30A + 
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The flight controller is like drone’s brain. It reads data from sensors, keeps the drone stable, and tells the motors how to move through the ESCs. It also 

connects to other parts like the receiver (remote signal), GPS, FPV camera, and more. The most common types are F4 and F7—F7 is faster and has 

more connection ports. Make sure the controller works with the software (like Betaflight for stunts or iNav for GPS). It should have enough space for 

all wires and be easy to install. Some flight controllers have extras like screen display. 

e) Power Distribution Board(PDB) 

PDB takes the battery voltage and provides various points for to connect up all of other electronics. Typically a PDB will feature regulator to power 

low voltage components such as the flight controller and camera. From other things take closer look at Voltage Requirements, Connector Locations and 

Maximum current draw. 

f) Drone Propellers 

Propellers are crucial—they generate lift, thrust.They come in various sizes (e.g., 5”, 6”, 10”) and pitch angles (how steep the blade is). Shorter props 

(4–6”) spin fast, giving high felxibility for racing. Longer props (8–10”) spin slower but create more lift, ideal for camera drones. Material affects 

durability—polycarbonate for crashes, carbon fiber for efficiency. The prop hole must match your motor shaft diameter, or it may slip. Balance the 

propellers to reduce vibration. Also, more blades (tri-blades or quad-blades) give more grip but consume more power. Always test props for vibration 

before final mounting. 

g) Transmitter and Receiver (TX/RX) 

The transmitter is the remote controller that  hold in our hands, and the receiver is a small part on the drone that picks up the signals from the 

transmitter. This system controls the drone while flying. It should have a good range (so your drone can fly far), quick response time (low delay), and 

safety features in case something goes wrong. Some popular systems are FrSky, FlySky, TBS Crossfire (for long distance), and ELRS (very fast and 

reliable). The  receiver and transmitter must match and speak the same protocol. Some receivers also send back useful info like battery level. Make sure 

the receiver is small enough to fit in your drone and can connect properly to the flight controller. Before flying far, always test the range and set up 

safety actions like auto land or return-to-home in case the signal is lost. 

h) Battery (LiPo)  

The battery is what gives the drone power to fly. Most drones use a type called LiPo (Lithium Polymer) battery. When choosing one, we should check 

three main things. First is the voltage, which is written as 3S, 4S, or 6S. This should match with the motors and ESC. More voltage gives more power 

but also makes the drone  uses more energy. Second is the capacity, shown in mAh (like 1500mAh). A higher number means longer flight time, but the 

battery will be heavier. Third is the C rating, which tells how fast the battery can give power. A high C rating is needed if the drone uses powerful 

motors. For example, a 4S 1500mAh 100C battery is a good choice for fast racing drones. Always charge the battery safely and don’t let it overheat or 

get damaged. 

 

Fig:2 Overall Components of our drone 
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6)  Integration of the components 

Step 1: Assembling the Frame 

The first step is to assemble the frame, which often comes flat-packed as carbon fiber parts. Care should be taken to correctly identify where each plate 

goes, considering where components will be mounted and how wires will be routed. Although some opt to sand or apply glue to the edges of the carbon 

fiber to protect them, this is not necessary for high-quality frames. Once assembled, ensure all pieces are securely in place and properly aligned. 

Step 2: Mounting the PDB 

The Power Distribution Board (PDB) is the central hub of the drone and should be mounted first. Consider the direction of the PDB placement, 

especially if an all-in-one board is used, taking into account the location of the USB connector and the battery. Use nylon or rubber standoffs to secure 

the PDB to the frame, ensuring it is positioned for optimal wire routing and connectivity. 

Step 3: Mounting the Motors 

mount the motors, paying close attention to the correct orientation of clockwise (CW) and counterclockwise (CCW) motors. Follow the quad X layout, 

which is commonly used in most modern flight software like Betaflight. Secure the motors with screws and use thread locker instead of over-tightening 

to prevent motor damage. Verify that each motor is correctly positioned and secured for stable operation. 

Step 4: Mounting the ESCs 

Mount the Electronic Speed Controllers (ESCs) to the frame after the motors are in place. If using separate ESCs, attach them to the arms of the drone, 

ensuring they do not contact the frame directly. Protect the ESCs with heat shrink and secure them using double-sided tape. After mounting, wrap the 

ESCs in electrical tape to keep them secure and shield them from environmental factors. 

Step 5: Connecting the ESCs to the Motors 

With the ESCs mounted, proceed to solder the motor wires to the ESC pads. Ensure the wires are cut and stripped to the correct length before tinning 

the motor ends and ESC pads for easier soldering. Solder each wire one at a time, ensuring the connections are firm and free of overlaps or shorts. 

Carefully inspect all joints for quality, as a faulty solder joint can cause failure during flight. 

Step 6: Connecting the ESCs to the PDB 

The next step is to connect the ESCs to the PDB, following the same procedure as before for soldering the positive (red) and negative (black) wires to 

the respective pads. Leave a bit of slack in the wires for flexibility in case of crashes, ensuring that the connections are securely fastened without undue 

strain. Double-check all connections to prevent wiring issues from causing failures. 

Step 7: The First Test 

Before powering up the drone, perform a thorough test to check for any issues. Use a multimeter to perform a continuity check on the positive and 

negative pins of the battery connector, ensuring no shorts are present. If continuity is detected, address the issue before proceeding. After passing the 

continuity test, connect the battery and listen for beeps from the ESCs. If any smoke or unusual signs are observed, disconnect immediately and inspect 

for issues. 

Step 8: Mounting the FPV System 

Before powering on any FPV components, it’s essential to mount them properly. Most FPV cameras and video transmitters (VTXs) come with 

connectors, allowing you to plug them in easily once the wiring or soldering is complete. Your drone frame may have a specific mount for the camera; 

if not, you can use the included mounting bracket. When setting the camera angle, beginners should start with around 15 degrees to maintain good 

forward visibility without aggressive tilt. As you gain experience, you can increase the angle for faster forward flight. Mounting the VTX may require 

improvisation—cable ties or double-sided tape usually work well on either the top or bottom plate, depending on available space.Step 10: Test the FPV 

System 

Step 9: Testing the FPV System 

Before powering up, ensure that the video antenna is connected to prevent damage to the VTX. Once the battery is plugged in, look for LED indicators 

on the VTX to confirm it is receiving power. Next, use your FPV goggles and ensure both the VTX and goggles are set to the same frequency and 

channel (e.g., R4, where 'R' denotes the band and '4' the channel number). A clear image should appear in your goggles; if not, verify your wiring and 

channel settings. After confirming the video feed, fine-tune the camera focus by adjusting the lens while viewing a focus chart placed 2–3 meters away. 

Rotate the lens until the central lines appear sharp, then lock it in place with the retaining nut. 

Step 10: Mounting and Powering the Receiver  

To mount the receiver, connect it to a 5V power and ground source from the Power Distribution Board (PDB), unless it uses a different voltage (e.g., 

Spektrum receivers). Then connect the signal wire to the flight controller—usually to a UART RX or a dedicated SBUS port—and attach a telemetry 

wire if your receiver supports it. The antennas should be positioned carefully, ideally in a 90-degree “V” formation, and kept away from carbon fiber 

parts to avoid signal interference. You can secure them using zip ties and heat shrink tubing for protection and stability. Finally, bind the receiver to 

your transmitter by following the binding procedure outlined in your transmitter’s manual, preferably before the receiver is hard to access. 

Step 11: Wiring the Flight Controller 

The flight controller acts as the brain of the drone, managing signals from all connected components. Begin by consulting the pinout or wiring diagram 

specific to the flight controller to ensure proper connections. Supply the board with either regulated 5V power or direct battery voltage, depending on 

its requirements. If using features like On-Screen Display (OSD) or battery monitoring, connect the Vbat and ground wires accordingly. Each motor 

will have a signal wire that must be soldered to the corresponding pads based on the motor layout. Additionally, connect the receiver’s signal and 

telemetry wires to the correct UART ports. Carefully plan your wire routing to maintain a clean setup, trim wires to fit neatly, and mount the flight 

controller using nylon standoffs, ensuring easy access to the USB port for future configuration. 
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Fig: 3  Wiring Of The Flight Controller[11] 

Step 12: Software Configuration 

Before configuring the drone, install a flight controller configurator like Betaflight and connect your drone via USB, ensuring the necessary drivers are 

installed. Start by flashing the latest firmware to your flight controller to ensure it runs the most updated and stable version. Next, configure the UART 

ports to recognize connected peripherals such as your receiver (usually connected via SBUS). Set up drone orientation, ESC protocols, receiver type, 

and throttle limits in the configuration tab. Assign flight modes to switches on your transmitter—at minimum, set an Arm switch and one for switching 

between Auto Level and Acro mode. Set your rates to control stick sensitivity—defaults are fine for beginners and can be tuned later. These initial 

configurations will ensure basic flight readiness, with deeper settings covered in advanced tutorials. 

Step 13: Final Test 

Once everything is installed and configured, power on the drone for a complete system test. Confirm that all inputs respond correctly and check motor 

rotation, receiver signal, and video feed. If any component is unresponsive or misbehaving, double-check the wiring and software settings to resolve the 

issue. 

 

Fig: 4 Experimental connection 
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Results 

 

Fig: 5  Flying of the drone 

We tested the drone based on the planned setup. It runs on a 3.7V, 300mAh Li-Po battery, which is lightweight and powerful enough for short flights. 

The drone could fly for about 6 minutes on a full charge. It was controlled smoothly at a frequency of 2.4 GHz. The total weight of the drone, including 

all parts, is 310 grams. To fly properly, it needs to generate thrust that is double its weight, which is around 620 grams. Since it has four motors, each 

motor has to produce about 1520.55 newtons of force. During the flight test, the drone successfully reached a height of about 7 feet, proving that it 

works as expected. 

We have constructed the drone with following ratings: 

• Battery Power = 3.7V,300mAh 

• Battery Type   =  LiPo  

• operating time = 6minutes 

• Frequency       = 2.4GHz 

• Weight             =  310 grams 

• Total Thrust Needed = 2*Total weight of the drone 

                                      = 2*310 

                                      = 620grams  

• Thrust per motor  =  (2*w*g)/n (in newtons) 

                                  =  (2*310*9.81)/4 

                                  =  1520.55 newtons 

• Flying  Height      =  7 Feet 

Conclusion 

A strong and lightweight drone frame can be made using cheap but good materials like plastic, aluminum, or carbon fiber. These materials help keep 

the drone light so it can fly better, while still being strong enough to handle small crashes. A good design with the right shape and balance is very 

important to keep the drone steady while flying. By picking the right materials and keeping the frame simple, it’s easy to build a strong and affordable 

drone that works well for basic flying needs. 

Along with the frame, putting together important parts like brushless motors, a flight controller, a battery, and propellers is necessary to make the drone 

work. Each part must be connected properly and set up correctly to make sure they all communicate and perform smoothly. Careful assembly and 

testing make sure that the drone flies safely, stays steady, and handles simple tasks without any problems. 

 

 



International Journal of Research Publication and Reviews, Vol (6), Issue (4), April (2025), Page – 15154-15161                          15161 

 

REFERENCES 

 

1) Jemmali, M., Bashir, A. K., Boulila, W., Melhim, L. K. B., Jhaveri, R. H., & Ahmad, J. (2022). An efficient optimization of Battery-Drone-Based 

transportation systems for monitoring solar power plant. IEEE Transactions on Intelligent Transportation Systems, 24(12), 15633–15641. 

https://doi.org/10.1109/tits.2022.3219568 

2) Kshetrimayum, S., Liu, C., & Huang, Y. (2023). An Intelligent System for Automatic Detection an Cleaning of Bird Droppings on Solar Panels. 

IEEE. https://doi.org/10.1109/cacs60074.2023.10326202 

3) Myeong, W., & Myung, H. (2018). Development of a Wall-Climbing drone capable of vertical soft landing using a Tilt-Rotor mechanism. IEEE 

Access, 7, 4868–4879. https://doi.org/10.1109/access.2018.2889686 

4) Ahmed, S. U., Affan, M., Raza, M. I., & Hashmi, M. H. (2022). Inspecting Mega Solar Plants through Computer Vision and Drone Technologies. 

IEEE, 18–23. https://doi.org/10.1109/fit57066.2022.00014 

5) https://dronenodes.com/how-to-build-a-drone/ 

6) H. Na and Y. S. Chang, "Study on the Policies, Regulations of Drone-Based Logistics," 2024 (ICCR), 2024, pp. 1-4,https:// doi.org/ 

10.1109/ICCR61006.2024.10533097. 

7) J. O'Malley, "There's no business like drone business: Drone light shows are now an essential part of any high-profile outdoor event. So how do they 

work?," in Engineering & Technology, vol. 16, no. 4, pp. 1-9, May 2021, doi: 10.1049/et.2021.0410. 

8) J. Weon, T. Yong and J. Kim, "Camera-based Virtual Drone Control System Using Two-handed Gestures," 2024 IEEE International Conference on 

Metaverse Computing, Networking, and Applications (MetaCom), Hong Kong, China, 2024, pp. 291-296, doi: 10.1109/MetaCom62920.2024.00054. 

9) H. Alamleh and N. Roy, "Manipulating GPS Signals to Determine the Launch Location of Drones in Rescue Mode," 2021 IEEE International IOT, 

pp. 1-5, doi: 10.1109/IEMTRONICS52119.2021.9422539. 

10) D. Liu, M. -C. Lai and W. -D. Tsay, "Determinants Analysis of Drone Delivery Service Adoption," 2020 3rd Kaohsiung, Taiwan, 2020, pp. 1-4, doi: 

10.1109/ICKII50300.2020.9318942. 

11) https://dronenodes.com/how-to-build-a-drone/ 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1109/tits.2022.3219568
https://doi.org/10.1109/cacs60074.2023.10326202
https://doi.org/10.1109/access.2018.2889686
https://doi.org/10.1109/fit57066.2022.00014
file:///C:/Users/HP/AppData/Local/Microsoft/Windows/INetCache/IE/3QOK9Q1I/5
https://dronenodes.com/how-to-build-a-drone/
https://dronenodes.com/how-to-build-a-drone/
https://dronenodes.com/how-to-build-a-drone/

