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Insufficient surveillance camera in the study area (Delta State University) has led 

to security risks which includes high number of examination malpractice and theft 

within the school premises. Students or people can be very deceptive by finding 

blind spots if CCTV are used in certain locations in the school. Thus, the 

implementation of a quadcopter is proposed to fly into every area of the University 

for Surveillance both on a normal day and during examinations. It has the capability 

for both remote control and autonomous operation. The paper presents the design, 

application, and future scope of quadcopters. The study aimed to assemble and 

construct a functional quadcopter drone using Arduino based controller. Arduino 

IDE functions was used for hardware programming. The assembled quadcopter has 

four brushless DC motors with 800g weight available for DC Motor to lift with a 

total current of 1.8A and lasting capacity of 1.94h. The quadcopter reached a 

maximum altitude of 500cm. The lithium battery capacity was 3500mAh based on 

weight consideration of the drone. The flight time was estimated to be 

approximately 45minutes due to the extra power consumption of the controller and 

camera. The camera resolution was 720p. The quadcopter is deployable as it 

captures events in real time as images or video recordings. 
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1.0 INTRODUCTION 
A quadcopter drone or unmanned aerial vehicle (UAV) 

is a four-winged autonomous aircraft. Industries and 

surveillance operations are increasingly relying on 

quadcopters due to their effectiveness as assistive tools 

[1]. Drones are a part of a larger unmanned aircraft 

system (UAS), which includes UAV, a ground 

controller, and communication system. To minimize 

sound and absorb vibrations, the quadcopter drone is 

built using highly intricate composite engineering 

materials. The materials used for drone construction 

have to be of a very light weight due to the fact that the 

drone has to suspend in the air. 

Quadcopters typically come equipped with two sets of 

identical fixed-pitch propellers: a pair that spins 

clockwise and another pair that spins counter 

clockwise. To control the quadcopter, the speed of each 

individual rotor is adjusted independently [2]. 

Adjusting individual rotor speeds allows a quadcopter 

to precisely control total thrust, thrust center (lateral 

and longitudinal positioning), and total torque (turning 

force). Typically operated by wireless remote control, 

these drones can hover, take off, and land. 

An arduino Uno microcontroller board provides the 

means to control a drone’s various components, such as 

its motors, sensors, and communication devices [3]. 

The flight controller acts as the drones’s brain, a circuit 

board equipped with sensors that detects its orientation 

and receive user commands. It then controls the motors 

to keep the quadcopter airborne. Most flight controllers 

include basic gyroscopes and accelerometers, while 

some advanced models may add barometric pressure 

sensors and magnetometer compasses. The flight 

controller also serves as a central hub for peripherals 

like GPS, LED, and sonar sensors [4]. 

Aerial surveillance drones can also be used to gather 

real-time intelligence, providing law enforcement 

agencies and security personnel with up-to-date 

information about potential threats or security breaches  

[5]. This design features of this drone designed 

represent a departure from existing solution like the use 

of CCTV. An Arduino quadcopter is essentially a drone 

you build yourself. It uses an Arduino microcontroller 

(like a Uno or Nano) as its main control unit. This 

"brain" manages the drone's movements by controlling 

the motors, interpreting data from sensors such as 

accelerometers and gyroscopes, and carrying out pre-

set flight instructions [6]. The combination of 

electronics and mechanical components is essential for 

the quadcopter’s  operation, primarily relying on the 

principles of aviation. Its main intention is to manage 

the forces acting on the aircraft during flight. These four 

fundamental forces that govern the motion of an aircraft 

are lift, drag, thrust, and weight [7]. The Quadcopter 

requires a components that can be used to control the 

movement and position of the quadcopter while flying 

in the air. The component used to control movement, 

stability, and balance while flying is called a flight 

controller (FC) [8]. The Unmanned aerial vehicles 

(UAVs), particularly quadcopters, are gaining ground 

in autonomous surveillance, infrastructure inspection, 

and reconnaissance tasks where human intervention is 

constrained [9]. Custom-built quadcopters are usually 

used for research or leisure. They are equipped with 

flight controllers and flight computers that determine 

the attitude of the flying machine. Many commercial 

flight controllers are available for custom drones, while 

flight computers are usually made of Raspberry Pi 

boards programmed to give commands to the flight 

controller [10]. Drones were initially developed for 

military applications, but are now accessible to 
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civilians with a growing number of applications. 

Although these UAVs have not yet gained widespread 

use, they are gradually being used in the production of 

video contents, recording of events, etc. 

Drones have the potential to increase tourism which 

contribute to socio-cultural development of countries. 

In addition to recreational applications, drones have a 

significant development potential in sectors such as 

agriculture, supervision of power lines, supervision of 

borders, cartography, security, etc.[11].  The 

development of the Surveillance Quadcopter Drone 

involves a systematic approach that integrates hardware 

assembly, software programming, and testing phases to 

ensure a functional and efficient drone for surveillance 

applications. The main components chosen for this 

project include: Arduino Uno, serving as the main 

microcontroller responsible for managing inputs and 

outputs, controlling the motors, processing sensor data, 

and executing flight control algorithms [12]. There are 

different technical characteristics of drones. The most 

notable characteristic defines a drone's classification, 

such as fixed-wing systems, multirotor systems, and 

other specialized systems like hybrid models 

(combining multirotor and fixed-wing features), 

ornithopters, and drones that utilize turbo fans [13]. As 

drones become more accessible, there are opportunities 

for development in other fields. However, challenges 

like data ownership and surveillance need to be 

addressed. Drones monitor environment: air, water, 

soil, and waste. Sensors are often used for forest and 

biodiversity monitoring. Drones explore inaccessible 

areas, and the future promises IoT drones for real-time 

examination of habitats. Smartphone apps can control 

drone systems for site evaluation and solutions. Drones 

enhance agency efforts to manage resources, benefiting 

civil society and small landholders. More education and 

training opportunities are needed, as well as outreach 

initiatives for conservation efforts. Ethical issues 

surrounding data ownership and privacy violations 

arise. The future of drone reign is a high-stakes gamble 

with potential environmental benefits or unforeseen 

consequences [14]. UAVs can acquire high-resolution 

multispectral images, which in turn can produce 3D 

models of hazard zones without putting human lives at 

risk. Meteorologists, hydrologists, and spatial modelers 

can use such data to provide better detail and reliable 

results at a local scale[15]. In recent years, technology 

has completely transformed our lives. New 

technological advancements like satellite data, machine 

learning, remote sensing tools have provided good 

forest surveillance and monitoring opportunities. Many 

research and academic institutions, service providers, 

space agencies, and government agencies have been 

involved in developing unique approaches and 

techniques that can be used to support forest 

surveillance. 

Nowadays, drones are used in various sectors due to 

their low maintenance cost. Since there is an 

exponential increase in trespassing, animal poaching, 

illegal cutting down of forest trees, and therefore 

leading to degradation of forest covers, a combination 

of drone and forest surveillance modules is a very 

efficient methodology [16]. This makes UAVs essential 

Technology to be used in every aspect of life like 

Environmental Monitoring & Conservation, Disaster 

Management & Emergency Response, Agriculture and 

Precision Farming, Infrastructure Inspection and 

Maintenance and also in Logistics and Delivery etc. 

Unlike arduino quadcopter, AI drones use artificial 

intelligence and machine learning with powerful 

processors and advanced sensors for high-level 

autonomy, perception, and decision-making. This work 

is basically the design of a low-cost UAV surveillance 

system and testing of its effectiveness in a campus 

environment as it’s easier to build, low cost. The 

biggest hurdle of arduino in UAV is limited processing 

power compared to the likes of Raspberry Pi or 

Pixhawks in UAV. In crowded areas, navigation and 

avoidance of obstacle might become a challenge. Noise 

pollution can also become a challenge.  

Section II of this paper outlines the proposed 

methodology which involves the calculation of 

required parameters and arduino programming 

language. Section III presents the experimental setup, 

operation mode and performance tests. Section IV 

concludes the study. 

 

2.0 MATERIALS AND METHODS 
 

2.1 Weight and Battery Capacity Design 

 

The drone employed the use of four brushless DC 

motors with the following specification; 

Rated speed: 1000rpm, Operating voltage: 3.7v, 

Maximum consumed current: 7.5A (Load), Current 

consumption at No Load = 0.1A, Weight: 50g, Max 

thrust: 250g 

Total Thrust=Sum of Motor Thrust                              (1) 

Total Thrust=250+250+250+250=1000g 

Total Weight of DC Motors=50+50+50+50=200g 

Weight Available for DC Motor To Li=Total thrust-

Total Weight of DC Motors                                         (2) 

Weight Available for DC Motor To Lift=1000-

200=800g 

Hence, the maximum weight of drone including the DC 

motors should not exceed 1000g.  

At maximum load, the expected current consumption 

for each DC motor is 0.45A.  

 

Hence, the maximum weight of drone including the DC 

motors should not exceed 1000g.  
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At maximum load, the expected current consumption 

for each DC motor is 0.45A.  

Hence, total consumed current, 

Total Current=0.45+0.45+0.45+0.45=1.8A 

Since the DC motors are powered using at voltage of 

3.7V, a Lipo battery of same rating was considered. 

However, the weight of the battery was considered 

during the design and as such affected the rated 

capacity choice of the battery.  

Hence, a Lipo battery of 3500mAh capacity was 

selected.  

By computation, the expected lasting capacity of the 

drone is 

Lasting Capacity=  (Battery Capacity 

(mAh))/(Consumed Current)=  3500/1800=1.94h      (3) 

 

2.2.  Assembly of Drone 

 

Mount the four brushless DC motors on the frame and 

connect their terminal wires to the controller through 

the ESC as seen below. The Bluetooth module 

(receiver) is connected to the controller as well as the 

power supply (Li-Po battery). On the master controller, 

the Bluetooth module (transmitter) is connected to the 

controller and the various joysticks and buttons as seen 

below. The controller was then inserted in container to 

house the controller. The battery system of the master 

controller was designed and assembled. The camera 

was mounted on a swivel joint, connected to a power 

source and configured to display on a mobile phone 

through using an application. 

 

2.3. Configuration of Camera 

1. A camera app known as HF UFO was downloaded 

and installed on mobile phone from either Playstore for 

Android users or Appstore for IOS users.  

2. The mobile phone was switched on and the WiFi 

turned on. 

3. The drone was powered on of which automatically 

turns On the Camera. 

4. The mobile phone is connected to the WiFi of the 

camera by searching for the WiFi name (HF_2b88c150) 

and click on connect. In doing so, the data and hotspot 

of the mobile phone is turned off. Hence, the mobile 

phone connects to the camera without internet. 

5. Once successfully connected, the mobile app is 

opened. 

6. Click on settings on the mobile app and ensure that 

it has identified the WiFi name of the Camera. 

7. Return back to app main screen and click on Start. 

8. The app will connect to the Camera and display a 

success message on the screen. Otherwise repeat 

procedures 4 to 7. 

9. The start interface shows on the mobile phone 

displays any image the Camera sees on its screen using 

the mobile app.  

10. User can now take pictures or make video recording 

which are stored in a dedicated folder on the mobile 

phone. 

 

2.4.  Arduino Programming 

The versioning is 1.8.11 

Check here for the complete working code and card 

files on GitHub:  GitHub link 

 

3.0 RESULTS AND DISCUSSION 
Presented are the Figures and Tables of results in this study. 

 
 Figure 1: Constructed Quadcopter Drone with Camera 

  

       
 Figure 2:  Flight Controller 

 

 
Figure 3: Installed Drone Camera 
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Table 1: Performance Test 

 
S/N Performance Value 

1 Height  500cm 

2 Resolution 720p 

3 Time of Flight 

(minutes) 

45 mins 

4 Frame Rate 25fps 

5 WiFi Range 30-50m 

6 Storage Capacity Depends on phone 

connected 

7 Field of view 60-90 degrees 

8 Latency 100-200 millisecond 

9 Signal Loss Beyond connecting 

radius 

 

3.1 Operation Modes of Drone    

 

Start Mode: Press the Up button on the joystick once to 

start the drone motors spinning at minimal speed. 

Rise Mode: To enable flight (lift) of drone, press and hold 

he up button till the drone rises to the height desired by 

the operator.  

Fall Mode: This feature is used to land the drone, press 

thee Down button gradually and intermittently until the 

drone is successfully landed. 

Left Turn and Right Turn Mode: While the drone is in the 

air, the front orientation can be changed to face another 

direction by clicking on either the Left Arrow to make the 

drone turn to the left on a particular spot or Right Arrow 

to make the drone turn to the right on a particular spot. 

Forward and Backward Mode: While the drone is in the 

air, to make the drone advance in the forward direction, 

the forward button on the joystick is click either 

intermittently or press down. Similarly, to make the drone 

advance in the backward direction, the backward button 

on the joystick is click either intermittently or press down. 

Left Side and Right Side Mode: While the drone is in 

the air, the drone can be made to move to either the left 

side or right side without change in orientation. To this 

end, the left side button on the joystick is click either 

intermittently or press down to make the drone move 

sideways to the left. Similarly, to make the drone advance 

in the right side direction, the right side button on the 

joystick is click either intermittently or press down. 

Emergency Stop Mode: There is an emergency stop 

button on the controller that enables the operator force 

land the drone if the down button fails to activate.  

Fine Tuning Mode: If the drone keeps drifting in a certain 

direction while in the air, first press the fine tuning button 

on the hand controller and simultaneously press the 

opposite direction to where the drone drifts to till it 

becomes stable. 

Max Rise and Fall Mode: By clicking the max rise button, 

the drone rises to the maximum height and remains there 

after it must have been turned on and started. Similarly, 

while the drone is at Max height, it fall button can be click 

to land the drone successfully.  

Calibration Mode: Every other time and especially when 

the drone drifts in particular direction, place the drone on 

horizontal surface and press the calibration button for two 

seconds and release. This helps to calibrate the ESC that 

supplies current to the DC motor.     

 

3.2. Performance Test 

3.2.1.  Movement Functions  

 

The drone was tested for various movements such as rise, 

fall, forward, backward, sideways, left turn and right turn 

and the drone was able to perform those functions 

effectively. The maximum rise height attained for the 

drone was approximately 500cm   

 

3.2.2.  Camera Surveillance  

 

 
 

Figure 4: Installed Drone Camera  

 

While the camera was turned on and connect to a mobile 

phone, pictures of events were taken as well as video 

recordings made. These data were saved in a folder on the 

phone and was viewed it. The camera has a resolution of 

720p. The image storage capacity depends on the phone 

been connected to the Wi-Fi. The frame rate is determined 

by the camera module. The camera module connected 

through the HF UFO app. The frame rate is 25fps. In an 

outdoor space it has the capacity 30-50 meters Wi-Fi 

range. Due to mobile device performance been connected 

the MP is approximately 1 and the field of view is 60 

degrees to 90 degrees. The latency is 100-200millisecond. 

One limitation is that video lag gets noticed when obstacle 

interference or the drone turns quickly or when it’s 

competing with other nearby Wi-Fi devices 

3.2.3.  Battery Lasting    

The lithium battery capacity selected to power the device 

was 3500mAh based on weight consideration of the 
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drone. The battery was fully charged and subject to 

various operation function with the drone until it was 

totally drained. This was carried out three times and on 

the average, the battery lasting capacity was estimated to 

be approximately 45minutes as compared to 116.4 

minutes in a similar work due to the extra power 

consumption of the controller and camera. 

 

3.3. Discussion 

The constructed Arduino-based quadcopter drone 

demonstrated a number of operational capabilities and 

constraints that align with findings reported in similar 

low-cost drone development studies. The drone 

successfully executed all primary movement functions, 

including ascent, descent, directional turns, and lateral 

shifts. The maximum rise height attained was 

approximately 500 cm, which is within the range 

observed for comparable brushless motor-driven 

quadcopters intended for lightweight surveillance 

applications [1, 3]. This performance level, although 

modest compared to higher-end commercial drones, is 

consistent with the design objective of achieving basic 

surveillance functionality within limited budget and 

power constraints [1]. 

The camera module integrated into the drone provided a 

resolution of 720p and a frame rate of 25 frames per 

second, supporting real-time image capture and video 

streaming to a connected mobile device via Wi-Fi. 

However, latency ranged from 100 to 200 milliseconds, 

and video lag was observed particularly during rapid 

orientation changes and in environments with competing 

wireless signals. These limitations are widely 

acknowledged in literature where similar Wi-Fi-based 

streaming solutions are employed, as signal congestion 

and low-power transmitters are common causes of lag and 

occasional connection loss [2, 5]. Indeed, Al-Turjman and 

Al-Rahmi [5] emphasized that interference from urban 

wireless infrastructure remains a significant challenge for 

drone-based surveillance systems operating in the 2.4 

GHz frequency band. 

The effective Wi-Fi transmission range of 30 to 50 meters 

also reflects constraints inherent in low-cost modules and 

small onboard antennas [6]. In this implementation, the 

relatively modest field of view (60–90 degrees) further 

limited situational awareness, reinforcing the need for 

more advanced gimbaled camera systems if 

comprehensive surveillance coverage is required [1, 4]. 

Battery life emerged as the most prominent constraint in 

the system’s performance. Although the theoretical 

calculation based on a 3500 mAh lithium polymer battery 

and the estimated current draw predicted a potential flight 

time of approximately 1.94 hours, real-world testing 

showed an average operational duration of only 45 

minutes per full charge. This discrepancy can be attributed 

to cumulative power consumption from the camera 

module, the Bluetooth communication between the drone 

and the hand controller, as well as efficiency losses in the 

electronic speed controllers and voltage regulators [3]. 

The result aligns with findings by Rahman et al. [3] and 

Gunes and Düzkaya [6], who also reported that actual 

flight durations of Arduino-based drones are significantly 

lower than nominal calculations due to the simultaneous 

load of navigation and data transmission components. 

The modular design of the hand controller proved 

effective for managing basic maneuvers, and the inclusion 

of multiple operational modes (fine tuning, calibration, 

emergency stop) contributed to safer and more predictable 

handling. The calibration mode, in particular, allowed for 

ESC synchronization and improved hovering stability, as 

highlighted in related quadcopter development research 

[4, 6]. Nevertheless, the lack of an integrated inertial 

measurement unit (IMU) with sophisticated sensor fusion 

limited the stability and responsiveness when compared 

to systems employing PID control algorithms and 

accelerometer–gyroscope combinations [2, 4]. 

While the drone achieved its core objective of providing 

a cost-effective surveillance platform, its limitations in 

endurance, altitude ceiling, and video transmission 

reliability suggest several avenues for future 

improvement. Incorporating higher-capacity batteries 

balanced against weight penalties, optimizing power 

distribution to reduce consumption, and employing 

higher-resolution camera modules with dedicated 

transmitters could significantly enhance overall 

performance [1, 5]. Additionally, moving beyond Arduino 

Uno to more capable flight control systems, such as those 

utilizing custom PID algorithms for dynamic stability, 

may allow the drone to achieve smoother flight profiles 

and more reliable operation under varying loads [2, 4]. 

Overall, the project illustrates the practical feasibility of 

deploying a modular, Arduino-based quadcopter for basic 

surveillance missions, while reinforcing findings from 

previous research that emphasize the trade-offs between 

cost, payload capacity, and operational robustness [1, 3, 5, 

6]. Continued refinement of component selection and 

system integration will be necessary to approach the 

performance benchmarks established by more advanced 

unmanned aerial vehicle platforms [4, 5]. 

 

4.0. CONCLUSION  
In conclusion, the design and implementation of the 

Arduino-based quadcopter drone for surveillance 

demonstrated that low-cost, modular platforms can 

achieve reliable basic flight and video monitoring 

capabilities within specific operational limits. While the 

drone successfully performed essential maneuvers and 

provided live camera feeds, limitations such as restricted 

battery life, video latency, and a modest altitude ceiling 

highlight the need for further optimization. Incorporating 

higher-capacity power systems, improved sensor 

integration, and advanced control algorithms would 

substantially enhance performance and stability. This 
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project underscores the potential of accessible 

technologies like Arduino to support practical 

surveillance applications in educational, research, and 

low-resource contexts. However, to match the capabilities 

of commercial drones, future work must focus on 

overcoming the trade-offs between cost, weight, and 

functionality. Overall, the project validates the feasibility 

of an affordable, open-source approach while pointing 

clearly to pathways for refinement and technological 

advancement.  
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