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Abstract

This paper presents the design of a smartphone-based quadcopter in which a smartphone acts as the
main processing, sensing and communication unit. Instead of relying on several separate onboard
sensors and a conventional flight controller, the system makes use of the smartphone's pre-installed
accelerometer, gyroscope, magnetometer, GPS, barometer, camera, Wi-Fi and Bluetooth for sensing,
navigation, data processing and wireless communication. Flight commands generated by the
smartphone are transmitted to an ESP32 microcontroller through Bluetooth or Wi-Fi. The ESP32 then
produces PWM signals to control the Electronic Speed Controllers (ESCs), which drive the four
brushless DC motors of the quadcopter. The drone is built on a lightweight X-shaped frame with a motor-
to-motor distance of 450-500 mm and an overall weight of approximately 700—1000 g. By using the
capabilities already available in modern smartphones, the design decreases hardware requirements,
lowers overall cost and simplifies the drone architecture while still supporting functions such as GPS-
based navigation, wireless control and object monitoring. The offered design proposes a low-cost,
lightweight and simplified drone structure by using the smartphone's integral capabilities, reducing the
need for dedicated hardware. This approach lets easier development, improved scalability and supports
advanced applications such as independent navigation, real-time monitoring and aerial surveillance.

Keywords; Smartphone-Based Drone, Quadcopter System, ESP32, Mobile Sensor Integration, GPS
Navigation, Wireless Communication, Autonomous Flight, Real-Time Monitoring.

INTRODUCTION

Drones, or Unmanned Aerial Vehicles, have become popular in recent years.
Drones are used in different areas, such as surveillance, taking pictures from the air,
farming, managing disasters, military operations, keeping an eye on the
environment, delivering things and making transportation smarter. One type of
drone that is getting a lot of attention is the quadcopter. Quadcopters are liked
because they have a design that can take off and land vertically are stable and can
move around easily. A quadcopter usually has four rotors that lift it up and control
its movement by changing the speed of the motors. Because of these qualities
quadcopters are one of the most studied types of drones in schools and research.
Traditional quadcopter systems need a lot of parts like special flight controllers,
sensors that measure how the drone is moving, GPS modules, cameras,
communication modules and other sensors. All these parts work together to help the
drone sense its surroundings, navigate, stay stable and communicate. However,
using separate parts makes the whole system more complicated, heavier, more
expensive and uses more power. Also, using sensors and processing units requires
more wires, extra interfaces and complicated hardware setups. These challenges can
make it harder for people to afford and use quadcopter systems for school projects,
research prototypes and applications that do not have a lot of money.

Modern smartphones are like computers that are portable. They have processors,
many sensors and ways to communicate with other devices.
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A typical smartphone has pre-installed sensors and
modules such as accelerometers, gyroscopes,
magnetometers, GPS receivers, cameras, microphones, Wi-
Fi, Bluetooth and powerful processing units. These parts
can. Process information, similar to the separate modules
used in drone systems. Smartphones are also good at
processing information in time and communicating with
other devices while being small and using less power.

Since smartphones have pre-installed technologies, we
can redesign traditional drone systems to depend less on
extra hardware parts. By using separate sensors and
processing units, a smartphone can be the main sensing and
processing part of a quadcopter system. The accelerometer
and gyroscope in the smartphone can tell us about the drone's
motion and orientation, while the magnetometer can help
identify the direction. The GPS can help with tracking the
location and navigating. The camera can support monitoring
and vision-related applications. Smartphones with wireless
communication technologies, such as Bluetooth and Wi-Fi,
can enable sending and receiving data and remote control.
The smartphone's processor can also analyze sensor data.
Create control instructions for flying.

The system we are proposing uses a smartphone as part
of a quadcopter system. The smartphone. Processes
information from its sensors and creates the necessary
control data. This control data is then sent wirelessly to an
ESP32 microcontroller using Bluetooth or Wi-Fi. The
ESP32 acts as a motor control interface. Converts the
instructions into special signals. These signals are then sent
to the parts that control the motors, which are responsible for
the drone's movement and stability. The quadcopter we are
using is designed with an X-shaped frame. This shape is
chosen because it provides balance, stability and distributes
weight evenly. Four motors are attached to the ends of the
frame to generate lift and movement. The smartphone is
placed at the center of the frame to keep the drone balanced
and stable. Where we put the parts is very important to
minimize vibrations and keep the drone balanced during
flight.

Our smartphone-based quadcopter system has upsides
compared to traditional systems. First, it reduces the need
for separate sensing modules and hardware parts. This
reduction makes the system less expensive and less complex.
Second, using a smartphone enables development and easier
implementation because many sensing and communication
functions are already embedded. Third, the smartphone's
processor is powerful enough to support real-time
applications and future software updates.

Besides decreasing costs and simplifying the design, our
system also creates opportunities for intelligent drone
systems. Advanced applications, such as navigating on its
own, monitoring in time, detecting objects, surveillance
from the air and decision systems based on machine
learning, can perhaps be added to the platform. As
smartphones continue to improve in terms of processing
power and sensor technology, they may play a role in drone
systems in future research and development.

Thus, our goal is to design a smartphone-based
quadcopter system that lowers its dependence on hardware
while keeping the functions of flying and communicating.
Our design aims to provide a cost-effective and
adaptable drone architecture that can be used as a platform
for future drone research and advanced aerial applications.

MATERIALS & COMPONENTS

Smartphone Hardware Components and Their Role in the
Proposed Quadcopter System

In the proposed quadcopter system, a commercially
available Android smartphone serves as the primary sensing,
processing and communication unit. Unlike conventional
drone architectures that rely on multiple dedicated hardware
modules such as inertial measurement units (IMUs), GPS
receivers, digital compasses, cameras and communication
devices, the proposed system utilizes the advanced hardware
already integrated into a modern smartphone. This approach
significantly reduces the overall hardware complexity,
system weight, wiring requirements and development cost
while maintaining the essential functionalities required for
stable flight and navigation. The smartphone continuously
acquires information from its embedded sensors, processes
the collected data using its high-performance processor and
generates flight control commands. These commands are
transmitted wirelessly to an ESP32 microcontroller through
Bluetooth or Wi-Fi communication. The ESP32 acts as the
motor interface by converting the received commands into
Pulse Width Modulation (PWM) signals, which are supplied
to the Electronic Speed Controllers (ESCs) for controlling
the four brushless DC motors.

A.  Accelerometer

ADXL345 Digital
Accelerometer
0
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The accelerometer is one of the most important sensors
integrated into the smartphone and is responsible for
measuring linear acceleration along the X, Y and Z axes. It
continuously detects changes in motion and acceleration
during flight. In the proposed drone, the accelerometer is
used to identify forward, backward, upward, downward and
sideways movement of the quadcopter. It also assists in
maintaining flight stability by detecting sudden disturbances
or unexpected changes in motion. The sensor data is
processed by the smartphone processor and combined with
information from the gyroscope to improve flight accuracy.
The processed data is then transmitted to the ESP32
microcontroller, which adjusts the motor speeds through the
ESC:s to stabilize the drone.

B.  Gyroscope
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The gyroscope measures the angular velocity of the
smartphone around the three rotational axes, namely pitch,
roll and yaw. It plays a critical role in maintaining the
orientation and balance of the quadcopter during flight. Any
unwanted rotation or tilt detected by the gyroscope is
immediately processed by the smartphone, allowing
corrective motor commands to be generated. These
commands are forwarded to the ESP32, which regulates the
speed of each brushless motor through PWM signals. By
continuously monitoring rotational movement, the
gyroscope enables smooth flight, precise maneuvering and
improved hovering performance.

C. Magnetometer
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The magnetometer functions as a digital compass by
measuring enables the drone to determine its orientation
with respect to geographic north. This information is
particularly important during autonomous navigation and
waypoint-based flight. The smartphone combines data from

the magnetometer with information obtained from the GPS
and gyroscope to improve navigation accuracy and
directional control. The flight control algorithm uses the
calculated heading to maintain the desired flight direction
and execute navigation commands accurately.

D. Global Positioning System (GPS)
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The Global Positioning System (GPS) receiver
integrated smartphone accurate into the provides

geographical positioning information, including latitude,
longitude, altitude, speed and travel direction. In the
proposed quadcopter, GPS is used for navigation, route
planning, waypoint tracking, position holding and Return-
to-Home (RTH) functionality. During flight, the smartphone
continuously receives satellite signals and calculates the
drone's current position. This information is processed by
the onboard navigation algorithm to generate appropriate
movement commands, which are transmitted to the ESP32
for motor control. The GPS module enables reliable outdoor
navigation and improves the operational capability of the
drone.

E.  Barometer
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Many modern smartphones include a barometric
pressure sensor that measures atmospheric pressure. This
sensor is used to estimate the altitude of the quadcopter the
Earth's magnetic field. It provides heading information that
with greater precision than GPS alone. In the proposed
system, the barometer assists in maintaining a constant
flying height during hovering and provides smooth altitude
adjustments during takeoff and landing. The altitude
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information obtained from the barometer is processed
together with data from other 3 sensors to improve flight
stability and enhance vertical positioning accuracy.

F. Camera

The smartphone camera serves as the primary vision
sensor of the proposed quadcopter system. It captures high-
resolution images and real-time video that can be utilized for
surveillance, aerial photography, environmental monitoring,
object detection and navigation. Since modern smartphone
cameras possess advanced imaging capabilities, there is no
need for an additional onboard camera module. The captured
visual information can also be processed using computer
vision and artificial intelligence algorithms running directly
on the smartphone processor, making the system suitable for
future intelligent drone applications.

G. Bluetooth 5
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Bluetooth provides wireless communication between
remote controller, 5 the smartphone and the onboard ESP32
microcontroller. The remote controller transmits flight
commands such as throttle, pitch, roll and yaw through a
Bluetooth connection. The smartphone receives these
commands, them with
information and computes the required motor outputs. The
processed commands are then transmitted to the ESP32,
which generates PWM signals for the ESCs. Bluetooth 5
offers low power consumption, stable communication and
sufficient bandwidth for real-time control of the quadcopter
over short to medium distances.

combines real-time sensor

H. Wi-Fi Module

The integrated Wi-Fi module enables high-speed
wireless cloud connectivity, software updates and long-
distance communication and data transmission. It supports
applications such as live video streaming, transmission,

communication through network infrastructure. In future
implementations, Wi-Fi may also support communication
with a ground control station or cloud-based monitoring
system, enabling advanced Internet of Things (IoT) drone
applications. I. Central Processing Unit (CPU)

1. Central Processing Unit (CPU)

The smartphone processor acts as the computational brain of the
proposed quadcopter. It executes the flight control algorithm,
processes sensor information, performs sensor fusion, calculates
navigation parameters and generates motor control commands in
real time. The processor continuously integrates data received from
the accelerometer, gyroscope, magnetometer, GPS and barometer
to estimate the drone's current state and determine the appropriate
corrective actions required for stable flight. The computed
commands are transmitted to the ESP32 microcontroller for motor
actuation. By utilizing the smartphone processor, the proposed
system eliminates the need for a dedicated flight controller, thereby
reducing hardware cost and simplifying the overall drone
architecture.

J. Random Access Memory (RAM)

The smartphone RAM provides temporary storage for
the operating system, sensor readings, flight algorithms,
navigation variables and communication data during
operation. Fast memory access allows the processor to
execute real-time calculations efficiently, thereby improving
the responsiveness and stability of the flight control system.
The availability of sufficient RAM also enables the
implementation of advanced algorithms such as computer
vision, object recognition and autonomous navigation.

K. Internal Storage

The smartphone's internal storage is utilized for
maintaining flight logs, GPS coordinates, captured images,
recorded videos, mission data and diagnostic information.
The stored data can be analyzed after flight for performance
evaluation, fault analysis and future improvements. This
capability is particularly useful in research applications
where flight data must be recorded and examined to validate

experimental results and optimize system performance.

Overall, the integration of these smartphone components
transforms the mobile device into a complete sensing
processing and communication platform for the proposed
quadcopter. Instead of depending on multiple external
sensors and dedicated hardware modules, the proposed
architecture efficiently utilizes the smartphone's embedded
technologies to achieve stable flight control, wireless
communication, GPS-based navigation, altitude estimation,
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object monitoring and intelligent data processing. This
integrated approach results in a lightweight, low-cost,
scalable and energy-efficient drone architecture that is well
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Performance
Parameters and Engineering Calculations

Component Specifications,

This section presents the physical characteristics,
operating specifications and fundamental engineering
calculations for the hardware used in the proposed
smartphone-based quadcopter. The values provided are
approximate design values commonly used during the
development and analysis of a medium-sized quadcopter.

Smartphone

The smartphone serves as the central processing unit as
well as the primary sensing device for the drone. It performs
navigation, sensor data processing, wireless communication

suited for research, educational and  future

autonomous UAYV applications.
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Internal Battery 4000-5000 mAh

Sensor Sampling Rate 100400 Hz
GPS Position Accuracy +3-5m

Gyroscope Accuracy +0.05° to +0.1°
Accelerometer Accuracy +0.02 g
Magnetometer Accuracy +2°

Camera Resolution 12-64 MP
ESP32 Controller

The ESP32 functions as the interface between the
smartphone and the propulsion system. It receives wireless
commands from the smartphone and generates PWM signals
for the Electronic Speed Controllers (ESCs).

and camera-based monitoring.

Specification Approximate Value
Dimensions 160 x 75 x 8 mm
Weight 180220 g
Processor Octa-core, 2—3 GHz
Memory 6—-8 GB RAM

Specification Approximate Value
Dimensions 51 x28 x 13 mm
Weight 8-10g
Supply Voltage 33V
Operating Current 80—240 mA
Processor Dual-Core 240 MHz
Wireless Communication Wi-Fi and Bluetooth
PWM Outputs Up to 16 channels
Brushless DC Motors

Four brushless motors generate the thrust required for lift

and directional movement.
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Specification Approximate Value
Motor Diameter 27 mm
Motor Height 30 mm
Weight per Motor 5560 g
Total Motor Weight 220240 ¢g
KV Rating 1000 RPM/V
Operating Voltage 11.1V
Maximum Current 12-15 A
Maximum Static Thrust 850950 g

The theoretical rotational speed of the motor can be

estimated using:

Motor Speed (RPM) = KV Rating x Applied Voltage

Foran 11.1 V battery,

RPM=1000x11.1=11,100 RPM

Electronic Speed Controller (ESC)
Each ESC regulates the speed of a brushless motor by
converting PWM control signals into three-phase power

Specification Approximate Value
Dimensions 45 x 25 x 10 mm
Weight 25¢g
Current Rating 30 A
Operating Voltage 25-4S Li-Po
PWM Input Frequency 50-500 Hz

Li-Po Battery

The propulsion system is powered by a rechargeable 3-

Drone Frame
The frame supports all hardware components while
maintaining structural rigidity with minimum weight.

Specification Approximate Value
Material Carbon Fiber or Glass Fiber
Frame Size 450 x 450 mm
Height Approximately 90 mm
Weight 250-350 g
Integrated Smartphone Sensors
Accelerometer

The accelerometer measures linear acceleration acting
on the drone.

Specification Approximate Value
Chip Size 2 X2 mm
Weight Lessthan 0.1 g
Measurement Range +2gtoflég
Resolution 16-bit
Accuracy +0.02 g
Sampling Frequency 100—400 Hz

Linear acceleration is calculated as: a= Av / At

where a is acceleration, Av is the change in velocity and
At is the time interval.

Gyroscope The gyroscope measures rotational

movement around the three principal axes.

cell lithium polymer battery.

Specification Approximate Value
Dimensions 105 x 35 X 25 mm
Weight 180200 g
Nominal Voltage 11.1V
Capacity 2200 mAh
Energy Storage 24.4 Wh
Discharge Rating 25C

The maximum discharge current is determined by:

Maximum Current = C-Rating x Battery Capacity

Maximum Current = 25 x 2.2 =55

6. Propellers
The propellers
aerodynamic lift.

transform  motor

rotation  into

Specification Approximate Value
Diameter 10 inch (254 mm)
Pitch 4.5 inch
Weight 12-15 g each
Material Nylon or Carbon Fiber
Composite

Specification Approximate Value
Chip Size 3 x3 mm
Measurement Range +250°/s to £2000°/s

Accuracy +0.05°
Sampling Frequency 200-800 Hz

Angular velocity is given by:

0=0/t

where @ represents angular velocity and 0 is angular displacement.

Magnetometer
The magnetometer detects
determine heading.

Earth's magnetic field to

Specification Approximate Value
Chip Size 2 X 2 mm
Accuracy +2°

Measurement Range +1300 pT

Heading can be estimated using:
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Heading = tan™'(Y/X)

GPS Receiver
The GPS receiver provides geographical coordinates for
navigation.
Specification Approximate Value
Chip Size 5 x5 mm
Accuracy +3-5m
Update Frequency 1-10 Hz
Cold Start About 30 s
Hot Start About 1-2 s

Distance between two coordinate points can be

approximated using:

d=[(xz = x1* + (y2 — y1)’]

Camera Module
The camera captures images and video for surveillance
and object recognition.

Specification Approximate Value
Sensor Size 8 x 8 mm
Weight 23g
Resolution 12-64 MP
Video Frame Rate 30-120 fps
Viewing Angle 80-120°
Wireless Communication Modules
Bluetooth
Specification Approximate Value
Chip Size 5 x5 mm
Communication Range 1030 m
Data Rate Up to 2 Mbps
Operating Frequency 2.4 GHz
Wi-Fi
Specification Approximate Value
Chip Size 5 X5 mm
Operating Frequency 2.4/5 GHz
Communication Range 50-100 m
Maximum Data Rate Approximately 150 Mbps

Component Approximate Weight
Frame 300 g
Smartphone 200 g
Four Brushless Motors 240 g
Four ESCs 100 g
Li-Po Battery 190 g
Four Propellers 60 g
ESP32 Controller 10¢g
Wiring and Mounting 40 g

Accessories

Smartphone Processor
Specification Approximate Value
Chip Size 10-15 mm
Weight Lessthanl g
Clock Frequency 2-3 GHz
Number of CPU Cores 8
Al Processing Capability 5-30 TOPS

Estimated Drone Weight
The approximate overall mass of the quadcopter is
obtained by summing the individual component weights.

Estimated Total Weight= 1140 g (1.14 kg)

Thrust Analysis

The total thrust generated by the motors must exceed the
gravitational force acting on the drone.

Weight is calculated using:

W=mxg

For a drone mass of 1.14 kg, W = 1.14 x 9.81 =
11.18 N

If each motor generates approximately 900 g of
thrust, Total Thrust =4 x 900 = 3600 g = 3.6 kg

Therefore,
Thrust-to-Weight Ratio=3.6/1.14=3.16 : 1

A ratio above 2:1 generally provides sufficient lift for
stable flight and maneuverability.

Electrical Power Requirement
Electrical power consumed by the propulsion system is
calculated as:

P=VxI

For an operating voltage of 11.1 V and an average current
of 40 A,

P=11.1 x40=444 W
Estimated Flight Duration
The theoretical flight duration is estimated using:

Flight Time =
Current) x 60

(Battery Capacity / Average
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Using a 2200 mAh (2.2 Ah) battery with an average

current draw of 22 A,

Flight Time = (2.2 / 22) x 60 = 6 minutes

DRONE DIAGRAM

SMARTPHONE BASED
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Considering that Li-Po batteries are normally discharged
to only about 80% of their rated capacity, the expected
practical flight duration is approximately 5—6 minutes under

normal operating conditions.
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The remote controller is used as the primary input device
for controlling the proposed smartphone-based quadcopter.
It consists of an ESP32 microcontroller, dual-axis
joysticks, control buttons, Bluetooth 5 communication
module, antenna, rechargeable battery, voltage
regulator and an emergency stop switch. The joysticks
generate control inputs for throttle, pitch, roll and yaw,
while additional buttons can be used for functions such as
takeoff, landing, Return-to-Home and flight-mode selection.

The ESP32 reads the joystick and button inputs and
converts them into digital control commands. These
commands are transmitted wirelessly to the smartphone
mounted at the center of the drone using Bluetooth 5. The
smartphone receives the commands and combines them with
information obtained from its pre-installed sensors, such as
the accelerometer, gyroscope, GPS, magnetometer and
barometer. After processing the received information, the
smartphone generates appropriate flight-control commands
and sends them to the onboard ESP32.

The onboard ESP32 acts as the motor-control
interface. It converts the commands received from the
smartphone into PWM signals for the four ESCs. The ESCs
regulate the speed of the four brushless DC motors according
to the required flight condition.

REMOTE DIGRAM

EXTERNAL ANTENNA
(5~9 dBi)

1. LEFT JOYSTICK k

(Throttle/Yaw) 2. RIGHT JOYSTICK

(Pitch/Roll)

___ 10.BUZZER
7 (Alert/Beep)
4, MAIN CONTROLLER

ESP32 DEV BOARD

< T1.POWER SWITCH
(Bluetooth 5 + WiFi) (ON/ OFF)
+ Reads all inputs.
*+ Processes commands 5. TAKE OFF BUTTON
+ Sends data to Smartphone (Momentary)
via Bluetooth 5
|« 6. LAND BUTTON
- (Momentas
7.TRIMBUTTONS |__—~ u
(Calibration)
8.EMERGENCYSTOP ||| 13. CHARGING MODULE
(PUSH BUTTON) TP4056
(Battery Charging)

12. BATTERY PACK
(7.4 - 218650 Li-ion)

COMPONENTS OF REMOTE
Remote Components List

Main controller
ESP32 38P in Development Board WiFi+Bluetooth
Ultra-Low Power

Bluetooth + processing unit

Receives joystick inputs

Sends commands to phone

Supports multiple GPIO and PWM interfaces

Control joystick (2 pieces recommended) ElectroBot
Dual Axis Joystick Module for Arduino & Rpi

O Leftjoystick:
o Up/Down — Throttle
0 Left/Right — Yaw

O  Right joystick:
o Up/Down — Pitch
o  Left/Right — Roll

Display
0.96 Inch OLED Display Module Display information:

Battery %
Bluetooth status
Signal strength
Altitude

Drone mode

Battery charging module

Lithium battery charging module TP4056

o Charges battery inside remote
Additional parts:

2 x push buttons — Takeoff/Land
1 x emergency stop switch

2 x trim buttons

1 x buzzer

2 x 18650 batteries

Battery holder

Power switch

PCB + enclosure

Wires/connectors
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INTERNAL BLOCK DIAGRAM
I 12C

Left Joystick
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Right Joystick
(Pitch/Roll)
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Trim Buttons Battery
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LAND BUTTON D e (Bluetooth 5) 4
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EMERGENCY STOP | — POWER +5V
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|| Lek Joysiick X VR) GPI0 34 Trim Lalt PO 12 o0 peobeai E— i?}s:::ﬁs:’:
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MATHEMATICS BEHIND REMOTE e Lp="Pathloss Free-space path loss:

Simplified Range Estimation Formula Wireless link ke

liye: Pr=Pt+Gt+Gr—Lp

Lp=32.44+20log(f)+20log(d) Where:

e f=frequency in MHz

Where: e d=distance in km Bluetooth frequency:
. f=2400MHz
e Pr=Received power (dBm)
e  Pt=Transmitted power (dBm) Example (100 m = 0.1 km):
e  Gt=Transmitter antenna gain (dBi)
e  Gr=Receiver antenna gain (dBi)
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Lp=32.44+2010og(2400)+20l0g(0.1) Lp=32.44+67.6-20
Lp=80.04dB

Approximate result:

At around 100 m, signal strength already drops
significantly.

For a normal smartphone:

Reliable control range = 50-100 m in open area
Remote Connectivity with the Drone

In the proposed smartphone-based quadcopter, the
remote controller communicates with the drone through a
wireless Bluetooth 5 link. The remote controller contains
an ESP32 microcontroller, joysticks, control buttons, a
Bluetooth transceiver, antenna, battery and supporting
power circuitry. When the operator moves a joystick or
presses a control button, the ESP32 converts the physical
input into digital control data representing parameters such
as throttle, pitch, roll and yaw.

The generated control data is transmitted wirelessly from
the remote controller to the smartphone mounted on the
drone. The smartphone acts as the primary communication
and processing unit. After receiving the command, it

combines the remote-control information with data from its
pre-installed including the accelerometer,
gyroscope, GPS, magnetometer and barometer. The
smartphone then processes this information using the flight-
control algorithm and determines the appropriate motor-
control commands.

SE€Nnsors,

The processed commands are transferred from the
smartphone to the onboard ESP32, which functions as the
motor-control interface. The ESP32 generates PWM signals
according to the received commands and sends them to the
four Electronic Speed Controllers (ESCs). The ESCs
regulate the speed of the four brushless DC motors, resulting
in the required movement of the quadcopter.

Communication Cycle

The system operates as a closed-loop communication
system. First, the remote sends a command to the
smartphone. The smartphone processes the command
together with its sensor data and sends the required motor
commands to the onboard ESP32. After the motors change
their speed, the drone's motion is detected again by the
smartphone's accelerometer and gyroscope. The new sensor
information is processed and corrective commands are
generated when required.

SMARTPHONE BASED QUADCOPTER SYSTEM
FLOW & CIRCUIT DIAGRAM (REMOTE CONNECTIVITY WITH DRONE)

1. REMOTE CONTROLLER

DISPLAY / LED
(Swatus)

BLUETOOTH §
(From Remote}

ESP32
MICROCONTROLLER POWER SUPPLY

[37¢ Bataery)
— —

VOLTAGE REGULATOR
[5V/ 330

IR <

+ Landing
+ Return to Home
+ Mode Change

+ Emergency Stop

EMERGENCY STOP
SWITCH

REMOTE CONTROLLER FUNCTIONS
Reads user inputs (joyatick + buttons) and sends control commands
wireiessly to thic smortphane using Bluetooth 5

OVERALL FLOW SUMMARY
. User Input Remote Controller Buetooth & 1 Smantphens
a Ok /by > e > X Wi tin | > ‘ (Drone Bran)

LEGEND

——  put/ Wheless Commurication — PAM | Power Flow

—> Processimg / Data Flow —  Power Supply

2. SMARTPHONE (DRONE BRAIN)

* Barometar [ Prossure
Camara (I usad)

v
FLIGHT CONTROL ALGORITHM
(Sensor Fusicn  Control Logic)
¥
MOTOR COMMAND GENERATION
(Piteh, Roll, Yo, Theottle)
|
v
TRANSMIT COMMANDS
(to Dnbowrd ESP32)

SMARTPHONE FUNCTIONS
* Receives commands from remote
+ Reads all onboard sznsars
+ s flight controd algorithm
+ Sends motor commands to enbosrd ESP32

3. ONBOARD ELECTRONICS (DRONE)

ONBOARD ESP32
(MOTOR CONTROL INTERFACE)

; i
IL\IE1§ 1w ‘ ‘ ‘ ¥

{To Orboerd £5P32)

MOTOR 1
{Front Left)

MOTOR 2
{Frent Right)

MOTOR 3
{Rear Lofty

ONBOARD FUNCTIONS
« Receiwws commands from smartphone
+ Generates PWM signais
» Contrals ESCs
» Drives brushiess motors
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{Mater Control)

2 I
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COMMUNICATION DETAILS
« Communicatien Standard Bvetooth 5 {Defautt) | Wi-Fi (Optional)
* Frequency + 2.4 Gz KSM Band
+ Range 1 Upto 50 - X0 meters Line of Siht} for Bluetooth §
+ Data Rate 1 Up to 2 Mips (Ehsetooth §)
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MATHEMATICS OF COMMUNICATION
Given values (Bluetooth 5)

e Frequency: =2.4 GHz, {=2400 MHz

e Remote transmit power (ESP32 Bluetooth):
Pt=10dBm

e Remote antenna gain: Gt=5 dBi

e Phone antenna gain: Gr=2dBi

e Distance: d=100 m, d=0.1 km

Step  1: Free Space Path Loss Formula:

Lp=32.44+20log(f)+20log(d)

Substitute values: Lp=32.44+20log(2400)+20log(0.1)
32.44+67.6—20 = 80.04 dB
So: Lp~80 dB

Step 2: Received Signal Power

Formula: Pr=Pt+Gt+Gr—Lp

Substitute: Pr=10+5+2—80 Pr=—63 Pr=—63dBm Result:
Pr=—63 dBm

Step 3: Bluetooth receiver sensitivity check

Typical Bluetooth receiver sensitivity: —90 dBm
Condition for stable communication: Pr > Psensitivity
Check: —63>-90

Condition satisfied v/
Communication remains stable.

Step 4: Maximum theoretical distance

Rearrange FSPL: d=10(20Lp—32.44—20log(f)) Assume
maximum allowable path loss: Lp=107 dB Then:
d=10(20107-32.44-67.6) =100.348 =2.23 km

Practical range is much lower because of:

e interference

e obstacles

e phone antenna limitations
e environmental noise

Practical estimate: 100-250m with external antenna.

The Bluetooth communication link between the remote
controller and smartphone is evaluated using free-space path
loss analysis. At 2.4 GHz and 100 m separation, the received
signal strength is approximately —63 dBm, which remains

above the receiver sensitivity threshold and enables reliable
communication.

RESULTS

The proposed smartphone-based quadcopter architecture
was developed to evaluate the feasibility of using a
commercially available smartphone as the primary sensing,
processing and communication unit of a quadrotor system.
The proposed design integrates the smartphone with an
ESP32-based motor-control interface, four electronic speed
controllers (ESCs) and four brushless DC motors mounted
on a lightweight X-shaped frame. The results indicate that
a significant portion of the sensing and computational
requirements of a conventional quadcopter can be performed
using hardware already available in a modern smartphone.

The smartphone successfully provides multiple types of
information required for flight operation through its
integrated sensors. The accelerometer and gyroscope
provide motion and orientation information, while the
magnetometer assists in determining the heading of the
quadcopter. The GPS receiver provides position and
navigation information and the barometric sensor, when
available, can be used for altitude estimation. The integrated
camera further provides the possibility of real-time
monitoring and future computer-vision-based
applications. By combining these sensor outputs, the
smartphone can provide the information required by the

visual

flight-control and navigation algorithms.

The communication architecture of the proposed system
establishes a wireless connection between the remote
controller and the smartphone mounted on the drone.
Control commands such as throttle, pitch, roll and yaw are
generated using the remote controller and transmitted to the
smartphone. The smartphone processes these commands
along with the real-time sensor information and generates
appropriate control outputs. These outputs are subsequently
transferred to the onboard ESP32 microcontroller. The
ESP32 converts the received control information into PWM
signals for the four ESCs, which regulate the speed of the
corresponding brushless DC motors. This arrangement
separates the high-level sensing and processing tasks
from the low-level motor-control interface.

The proposed architecture also reduces the number of
dedicated external sensors required on the drone. In a
conventional UAV system, separate modules may be
required for inertial sensing, positioning, communication,
imaging and processing. In the proposed system, several of
these functions are consolidated within the smartphone. As
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a result, the architecture has the potential to reduce
component count, wiring complexity, development effort
and overall system cost. It also provides a flexible platform
because the smartphone can be replaced or upgraded without
completely redesigning the mechanical structure of the
quadcopter.

From a communication perspective, the
smartphone-centric architecture provides a convenient
interface between the human operator and the drone. The use
of wireless communication eliminates the requirement for a
physical connection between the remote controller and the
aircraft. However, communication reliability remains an
important factor in practical operation. Wireless range,
signal interference, latency, packet loss and the orientation
of the communication antenna can influence system
performance. Therefore, reliable communication protocols
and appropriate fail-safe mechanisms are necessary for safe
operation.

The proposed system also demonstrates significant
potential for advanced applications. Since the smartphone
contains a powerful processor and camera, additional
software-based capabilities such as object detection, image
processing, GPS-based autonomous navigation, flight-data
logging and real-time monitoring can be incorporated
without requiring substantial additional onboard hardware.
This makes the proposed architecture particularly suitable
for research and educational applications where flexibility
and rapid development are important.

However, several limitations identified.
Smartphone sensors are primarily designed for mobile-
device applications and may not provide the same
performance characteristics as dedicated UAV-grade

sensors under high vibration and rapid rotational motion.

were

Sensor latency, GPS accuracy, barometric variations,
smartphone processing load, wireless communication delay
and battery limitations can affect flight performance.
Furthermore, the smartphone must be securely mounted near
the center of gravity of the quadcopter to minimize the
influence of vibration and maintain proper weight
distribution. These factors must be considered during
experimental implementation.

Overall, the results demonstrate that a smartphone can
serve as a central sensing, processing and communication
platform for a quadcopter when combined with an ESP32-
based motor-control interface. The proposed architecture
provides a promising approach for developing a lightweight,
low-cost, modular and scalable UAV platform. Further

—_—
IISEM
INTERNATIONAL JOURNAL OF
INNOVATIONS IN SCIENCE
ENGINEERING AND MANAGEMENT
experimental  testing  involving  flight  stability,
communication latency, sensor accuracy, power
consumption, positioning accuracy and autonomous

navigation performance is required to quantitatively validate
the proposed design.

KEY FINDINGS

e Smartphone-based sensing: Multiple flight-
related sensing functions can be performed using
integrated smartphone sensors.

o Centralized processing: The smartphone can
perform sensor processing, navigation calculations
and high-level flight-control operations.

e  Wireless control: Remote commands can be
transmitted to the smartphone without a physical
connection.

e ESP32 motor interface: The ESP32 can convert
processed commands into PWM signals for ESC-
based motor control.

e Reduced hardware complexity: Several
dedicated external modules can potentially be
eliminated.

e  Future scalability: Computer vision, autonomous
navigation, GPS tracking and intelligent

monitoring can be added through software.

e Major limitations: Sensor accuracy, vibration,
communication latency, wireless range and
smartphone  battery life  require  further
experimental evaluation

ANALYSIS OF THE PROPOSED MODEL

The proposed model is analyzed as a smartphone-centric
quadcopter architecture in which the smartphone performs
the major sensing, processing and communication functions.
The system consists of a lightweight X-shaped frame, four
brushless DC motors, four ESCs, an onboard ESP32
microcontroller, a smartphone and a wireless remote
controller. The smartphone is positioned near the center of
the drone to maintain proper weight distribution and to
minimize the effect of vibration on the embedded sensors.

The operation of the proposed model begins with the
remote controller. The operator provides flight commands
such as throttle, pitch, roll and yaw through joysticks and
control buttons. These commands are transmitted wirelessly
to the smartphone mounted on the quadcopter. The
smartphone receives the commands and simultaneously
acquires data from its internal sensors, including the
accelerometer, gyroscope, magnetometer, GPS and
barometer, depending on the smartphone model.
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The collected sensor information is processed by the
smartphone's processor. The accelerometer provides linear
acceleration data, while the gyroscope provides angular
velocity for estimating the attitude of the drone. The
magnetometer provides heading information and GPS
provides geographical position and velocity. When
available, the barometer provides altitude-related
information. These sensor outputs can be combined using a
sensor-fusion algorithm to obtain a more reliable estimate of
the drone's position and orientation.

After processing the sensor and command data, the
smartphone generates high-level flight-control commands.
These commands are transferred to the onboard ESP32
through the selected communication interface. The ESP32
acts as the low-level motor-control interface and
generates PWM signals corresponding to the required motor
speeds. The PWM outputs are provided to the four ESCs,
which control the power supplied to the respective brushless
DC motors.

The four motors operate at different speeds depending on
the required movement. For hovering, the motors generate
approximately equal thrust to balance the gravitational force.
For pitch and roll movements, the speed of selected motors
is increased or decreased to create the required torque. Yaw
motion is achieved by changing the relative speeds of
clockwise and  counter-clockwise rotating motors.
Therefore, coordinated control of all four motors enables the
quadcopter to perform stable three-dimensional movement.

ADVANTAGES
Reduced hardware redundancy - since GPS, IMU
(accelerometer, gyroscope, magnetometer), barometer

and the camera are already integrated into the smartphone,
the design avoids duplicating these as separate flight-
controller peripherals. This can lower bill-of-materials cost
and simplify wiring compared to a conventional flight
controller stack.

High computational capability - Modern smartphone
SoCs offer substantially more processing power
(CPU/GPU/NPU) than typical embedded flight controllers
like the STM32-class chips used in ArduPilot or Betaflight.
This headroom is useful for tasks such as camera-based
object detection or on-device Al inference that would
otherwise require an additional companion computer (e.g.,
Raspberry Pi or Jetson).

pre-installed multi-mode connectivity - The phone's
native Wi-Fi, Bluetooth and cellular (4G/5G) radios provide

multiple communication channels without adding separate
telemetry hardware, potentially enabling longer-range or
internet-based control beyond typical RC/telemetry radio
limits.

Integrated high-resolution imaging - Smartphone
camera modules are generally higher quality than the
compact FPV cameras used on budget drones, giving
better image data for monitoring or vision-based tasks at no
added component cost.

Software agility - Control logic and features can be
updated through a mobile app rather than reflashing
embedded firmware, which may allow faster iteration during
development or research testing.

Accessibility for research/education - Because it
repurposes a widely available consumer device, this
architecture can lower the barrier to prototyping for students
or researchers without specialized flight-controller

hardware or firmware expertise.

Vendor-tested sensor fusion - Android's sensor
framework already performs some fusion (e.g., rotation
vector, linear acceleration) at the OS level, which could
reduce the amount of custom fusion algorithm development

needed.

LIMITATIONS

Real-time performance constraints - Android is a
general-purpose, non-real-time OS. Background processes,
garbage collection, notifications, or OS-level interrupts can
introduce unpredictable latency in sensor

reads or command output—a serious concern for a
control loop that needs deterministic timing, unlike
dedicated flight controllers running lightweight RTOS
firmware.

Lower sensor sampling rates - Smartphone IMUs
typically sample around 100-200 Hz, well below the 1-8
kHz rates common in dedicated flight-controller IMUs.
Since stabilization performance depends heavily on IMU
update rate, this could limit attitude-control responsiveness
and tuning quality.

Vibration and mounting sensitivity - Phone-grade
sensors aren't designed for the high-frequency vibration
environment of a multirotor frame. Without effective
vibration isolation (as the document notes with foam
mounting), motor and propeller vibration could corrupt
gyroscope/accelerometer readings.
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Thermal throttling risk - Phones can throttle CPU
performance under sustained load or in poorly ventilated
enclosures, which is a realistic risk when a phone is mounted
in a fixed housing on an airframe with limited airflow —
potentially degrading control performance mid-flight.

Communication bridging overhead - Since flight
commands must pass from the phone through a UART link
to the ESP32 and then to the ESCs, this intermediary adds a
communication hop (and potential latency/failure point)
compared to a flight controller that directly drives ESC
signals.

No aviation-grade failsafe design - Dedicated flight
controllers typically include hardware watchdogs and
failsafe routines validated for flight safety. A consumer
smartphone lacks this by design, so a phone crash, reboot,
app failure, or even an incoming call/notification could
interrupt drone operation without a robust fallback.

GPS accuracy limitations - Smartphone GPS chips
generally provide lower positional accuracy than dedicated
drone-grade GNSS/RTK modules, which may affect
precision applications like autonomous waypoint navigation.

Added mass and non-aerodynamic form factor - At
roughly 170-220 g, the phone is heavier than a typical flight
controller (a few grams), directly reducing payload capacity
and flight time and its flat rectangular shape isn't optimized
for airflow.

Dual power-system complexity - The phone runs on its
own internal battery, separate from the drone's Li-Po pack,
requiring careful power/charge management (or continuous
external charging) to avoid the phone shutting down mid-
flight independent of the main battery status.

Dependency on OS/app stability - Reliance on Android
app behavior introduces risks such as app crashes,
permission issues, or OS updates changing sensor API
behavior — failure modes that don't exist in fixed embedded
firmware.

Implementation Case Study: Smartphone-Based

Intelligent Drone System
Hardware Implementation

Airframe and Mechanical Structure

An X-shaped quadcopter configuration was selected for
the airframe due to its structural symmetry and predictable
flight dynamics. The frame was constructed with a motor-to-

motor diagonal spacing of approximately 450-500 mm,
using four arms of 170-200 mm in length extending from a
central plate measuring roughly 150 x 100 mm. Lightweight
materials such as carbon fiber or reinforced plastic were used
for the arms and center plate to keep the overall structure
weight within the 700-1000 g range, excluding the
smartphone and battery. A dedicated smartphone holder of
approximately 170 x 85 mm was fabricated and mounted at
the geometric center of the frame, positioned to align the
phone's internal sensors as closely as possible with the
drone's center of mass. This placement was necessary
because the accuracy of orientation and motion data derived
from the phone's accelerometer and gyroscope depends
heavily on minimizing offset from the vehicle's true
rotational axis.

Propulsion System

Four brushless DC motors, paired with propellers of
9-10 inches, were mounted at the extremities of the frame
arms. Each motor was connected to an individual electronic
speed controller, which converts low-power control signals
into the higher-current three-phase output required to drive
the motor at variable speed. The propulsion layout followed
a standard diagonal-pair rotation scheme, with two motors
rotating clockwise and two rotating counter-clockwise, to
counteract net torque and enable yaw control.

Flight Command Interface

An ESP32 microcontroller was employed as the
intermediary between the smartphone and the propulsion
system. The ESP32 was selected primarily because of its
pre-installed Wi-Fi and Bluetooth capability, which allows
it to receive control data wirelessly from the smartphone
without requiring a physical data cable. Upon receiving a
command packet, typically containing throttle, pitch, roll
and yaw values, the ESP32 converts this data into four
independent PWM signals, one for each ESC. This
arrangement keeps the smartphone electrically isolated from
the high-current propulsion circuitry, which also serves as a
safety measure against electrical interference with the
phone's internal components.

Power Supply

A lithium polymer (Li-Po) battery was mounted beneath
the center plate, positioned low on the frame to keep the
vehicle's center of gravity close to the ground plane and
improve in-flight stability. The battery supplies power
independently to the ESCs and motors, while the
smartphone operates on its own internal battery, ensuring
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that a drop in propulsion power does not interrupt the
phone's sensing or processing functions.

Utilization of Smartphone Sensors

A central aspect of this implementation is the
repurposing of sensors that are already present within the
smartphone, eliminating the need for separate discrete
components. The accelerometer, typically no larger than 2—
3 mm per side on the phone's internal circuit board, was used
to detect linear motion and sudden changes in velocity,
contributing to stabilization logic. The gyroscope provided
angular velocity data essential for maintaining orientation
and executing controlled rotational movements. The
magnetometer supplied heading information relative to the
Earth's magnetic field, functioning as a digital compass for
directional control. The phone's GPS receiver was used for
outdoor position tracking, enabling waypoint navigation and
return-to-home functionality. A barometer, present in most
modern smartphones, was used to estimate relative altitude
through atmospheric pressure variation, supplementing GPS
altitude data, which is often less precise. The rear camera
module was integrated for visual monitoring and, where
computational resources permitted, basic object detection.
The microphone was retained as an optional input channel
for voice-triggered commands. This consolidation of eight
to nine functionally distinct sensing and communication
elements into one physical device substantially reduced the
wiring complexity component typically
associated with conventional flight controller boards.

and count

Communication Architecture

Two  wireless communication channels were
implemented to support different aspects of system
operation. Bluetooth was wused for short-range, low-
latency command transmission between the smartphone and
the ESP32, suitable for direct manual control during close-
proximity flight testing. Wi-Fi was implemented for higher-
bandwidth communication, primarily to support live video
streaming from the phone's camera to a ground-based
monitoring device, as well as to allow more complex
telemetry exchange when the drone operated at greater
distances from the operator. Where extended range was
required beyond typical Wi-Fi coverage, the smartphone's
native 4G or 5G connectivity offered a pathway for long-
range data relay through a mobile network, although this was
treated as a supplementary rather than primary

communication method during testing.

Control Flow and Data Processing
The operational workflow of the system follows a
continuous sensing—processing—actuation loop. Raw data

from the accelerometer, gyroscope, magnetometer and
barometer is first read by the smartphone's operating system
and passed to the control application running on the device.
This application performs sensor fusion, commonly through
a complementary or Kalman filtering approach, to derive a
stable estimate of the drone's orientation and vertical
position. Based on this estimate, along with any user input
received through the mobile application interface, the
smartphone computes the required adjustments to throttle,
pitch, roll and yaw. These values are packaged into a
lightweight data structure and transmitted over Bluetooth to
the ESP32. The ESP32 parses the incoming packet and
generates corresponding PWM signals for each of the four
ESCs, which adjust motor speed accordingly. This cycle
repeats at a frequency sufficient to maintain stable flight,
with the smartphone effectively functioning as the sole
decision-making authority in the system.

Assembly and Integration Process

The physical assembly began with construction of the
carbon fiber frame, followed by mounting of the four motors
at the arm extremities and installation of the corresponding
ESCs. The ESP32 module was fixed near the center plate
and wired to each ESC's signal line, while the Li-Po
battery was connected to a power distribution point
supplying all four ESCs simultaneously. The smartphone
holder was then secured to the top of the center plate, with
attention given to vibration dampening, since motor-induced
vibration can otherwise introduce noise into the
accelerometer and gyroscope readings. A companion mobile
application was installed on the smartphone to interface
with the onboard sensors, display telemetry and transmit
control commands to the ESP32 over Bluetooth. Once
physical assembly was complete, the ESP32 firmware was
configured to recognize the expected data format from the
mobile application and communication between the two

devices was verified prior to any motor testing.

Testing and Calibration

Prior to flight testing, the accelerometer and gyroscope
were calibrated with the drone resting on a level surface to
establish a stable reference orientation. The magnetometer
was calibrated separately to compensate for magnetic
interference introduced by the motors and ESCs, which was
addressed in part by maintaining physical separation
between the smartphone holder and the nearest current-
carrying components. Motor response verified
individually before combined operation and low-altitude
hover tests were conducted to assess the stability of the

was
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sensor-fusion-based control loop before progressing to more
dynamic maneuvers.

CONCLUSION

The proposed smartphone-based quadcopter
demonstrates a simplified and cost-effective approach to
UAYV development by utilizing a smartphone as the primary
sensing, processing and communication unit. Instead of
depending on multiple dedicated external sensors and a
conventional flight controller, the proposed system makes
use of the smartphone’s integrated accelerometer,
gyroscope, magnetometer, GPS, barometer,
Bluetooth, Wi-Fi and processing capabilities. These pre-
installed resources enable the system to perform essential

camera,

functions such as motion sensing, orientation estimation,
navigation, altitude estimation, wireless communication and
real-time data processing.

The proposed architecture uses a lightweight X-shaped
frame equipped with four brushless DC motors. A remote
controller transmits the operator’s commands wirelessly to
the smartphone, which processes these commands together
with the sensor data. The smartphone then generates
appropriate flight-control commands and

transfers them to an onboard ESP32 microcontroller. The
ESP32 functions as the motor-control interface and
generates PWM signals for the four ESCs, which regulate
the speed of the brushless motors. This communication and
control architecture reduces the requirement for separate
sensing and processing hardware while maintaining the

basic functionality required for quadcopter operation.

The major advantage of the proposed system is the
effective utilization of hardware that is already available in
modern smartphones. This approach can reduce system
cost, weight, wiring complexity and hardware requirements
while providing a flexible platform for further development.
The proposed architecture also provides a foundation for
advanced applications such as GPS-based autonomous
navigation, real-time monitoring, object detection, aerial
surveillance and intelligent flight control.

However, the performance of the system depends on
factors such as smartphone sensor accuracy, processing
latency, wireless communication reliability, battery
capacity, vibration and the response time of the motor-
control system. These factors must be evaluated
experimentally to ensure safe and stable flight operation.
Future work can focus on improving sensor-fusion
algorithms, communication range, autonomous navigation,

computer-vision capabilities, power efficiency and real-time
flight-control performance.

Overall, the proposed smartphone-based quadcopter
provides a promising alternative architecture for developing
lightweight, economical, scalable and intelligent UAV
systems. By transforming the smartphone into the central
brain of the drone and using the ESP32 primarily as the
motor-control interface, the system demonstrates how
existing mobile technology can be integrated with UAV
technology to create a simpler and more accessible platform
for research, education, surveillance and future autonomous
aerial applications.
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