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Abstract—The development of a robotic arm with
smartphone control represents a significant step toward
affordable automation for educational, industrial, and
domestic applications. This research focuses on the design
and fabrication of a low-cost robotic arm capable of
performing pick-and-place operations through wireless
communication. The system integrates an Arduino
microcontroller, servo motors, and a Bluetooth module,
enabling real-time control via a smartphone application. The
robotic arm is designed to mimic human arm movement with
multiple degrees of freedom, offering precision and
flexibility. The fabrication involves lightweight materials to
ensure portability and energy efficiency, powered by a 9V
DC battery. Experimental testing demonstrates that the arm
can successfully lift, move, and position small objects with
stability and accuracy. The results confirm that smartphone-
based control provides a user-friendly and efficient interface
for robotic operations. This project serves as a foundation for
further advancements in automation, especially in small-scale
industries, laboratories, and educational robotics systems.

I.  INTRODUCTION
In today’s modern industrial era, automation and robotics
have become essential tools for improving productivity,
precision, and safety in various applications. Industries
around the world are shifting from manual operations to
automated systems to increase efficiency and reduce human
error. Among the different types of robotic systems, the
robotic arm is one of the most widely used and versatile
machines. It is capable of mimicking human arm movements
such as lifting, rotating, gripping, and placing objects in
desired positions. These systems are frequently employed in
manufacturing, assembly lines, material handling, and
laboratory automation.Traditionally, robotic arms were
complex, expensive, and limited to large industries.
However, with advancements in microcontroller technology,
wireless communication, and low-cost sensors, it has become
possible to design affordable robotic systems that can be
easily controlled and programmed. The development of open-
source hardware such as Arduino and readily available
modules like Bluetooth HC-05 has enabled students,
researchers, and hobbyists to explore robotics without
requiring advanced infrastructure. These innovations have
contributed to the democratization of automation, making
robotic technology accessible even at educational and small-
scale industrial levels.The integration of smartphone
technology into robotic systems has further simplified the
control process. Smartphones are equipped with powerful
processors, wireless modules, and user-friendly interfaces,
which make them ideal for acting as controllers. By using
Bluetooth communication, data can be transmitted from a

smartphone application to the robotic arm, allowing the user to
manipulate its movements wirelessly. This eliminates the need
for wired connections, enhances portability, and increases the
usability of the system.In this project, a robotic arm with
smartphone control is designed and fabricated using an Arduino
Uno microcontroller, SG90 servo motors, and a Bluetooth
module. The arm is powered by a 9V DC battery and
constructed with lightweight materials to ensure both efficiency
and flexibility. The system aims to replicate the motion of a
human arm by providing multiple degrees of freedom that allow
rotation, lifting, and gripping. The servo motors convert
electrical signals from the Arduino into mechanical movement,
while the smartphone acts as the command center for issuing
control inputs.This project is significant because it combines
mechanical design, electronic control, and wireless
communication into a single integrated system. It demonstrates
the principles of mechatronics, which involves the interaction
of mechanical, electrical, and software components. The robotic
arm’s ability to perform pick-and-place operations wirelessly
makes it a valuable educational prototype and a stepping stone
toward more advanced industrial automation systems.
Furthermore, the design emphasizes cost-effectiveness and
simplicity, making it suitable for implementation in
laboratories, workshops, and small-scale production units
where budget constraints prevent the use of high-end robotic
systems.Additionally, the robotic arm serves as an educational
tool for students in the fields of mechanical engineering,
electronics, and computer science. It provides a hands-on
learning experience in the areas of circuit design, programming,
control systems, and fabrication. Through this project, learners
can understand how automation can be achieved by integrating
hardware and software in real-world applications.The growing
demand for automation in industries such as packaging,
agriculture, healthcare, and logistics has made robotic systems
an integral part of future technological development. The
concept of controlling such a system using a smartphone
introduces flexibility and mobility, allowing the user to interact
with the robot remotely. The combination of Arduino-based
control and Bluetooth connectivity ensures that the robotic arm
operates efficiently and responds accurately to user
commands.In summary, this research aims to design and
fabricate a low-cost, portable, and easy-to-operate robotic arm
that can be controlled wirelessly via a smartphone. The focus is
on achieving accurate and stable motion for light-weight pick-
and-place tasks. The system will help bridge the gap between
high-cost industrial robots and educational or domestic
applications, promoting the growth of affordable automation
technology for future innovations.
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II. PROBLEM IDENTIFICATION

In traditional systems, object handling and small-scale
automation tasks are often performed manually, leading to
inefficiency, fatigue, and human error. To overcome these
limitations, there is a need for an automated, cost-effective
solution that can be controlled easily without complex setups.
The following problems were identified during the study:
Manual Operation Limitation

Many repetitive industrial and educational tasks are still
performed manually, resulting in low precision and
reduced productivity.

High Cost of Commercial Robotic Systems

Industrial robotic arms are expensive and unaffordable
for small industries, students, or laboratories, making it
difficult to access automation technology.

Complex Control Systems

Most robotic systems require computers or complex
controllers for operation, which are not user-friendly and
increase the overall cost and system complexity.

Lack of Wireless Control

Traditional robotic systems often rely on wired control,
reducing mobility and flexibility during operation.
Power Efficiency Issues

Existing robotic arms consume high power and require
large batteries or adapters, making them less portable
and less suitable for small-scale use.

Limited Awareness and Educational Tools

There is a lack of simple, low-cost robotic systems that
can be used for learning and demonstration purposes in
academic institutions.

Difficulty in Customization and Maintenance
Commercial robotic arms are not easily modifiable or
repairable, restricting experimentation and innovation
among students and researchers.

III. LITERATURE REVIEWS

A) Literature Survey:-

1. Pradhan et al. (2023) — “Low-Cost Robotic Arm
Using Arduino”

Pradhan and his team developed a cost-effective robotic
arm using Arduino and servo motors to perform basic
pick-and-place operations. Their work emphasized
simplicity in control and hardware design. However, the
system was wired and lacked wireless communication,
which limited its flexibility.

2. Kumar & Singh (2022) — “Bluetooth Controlled
Robotic Arm”

The authors designed a robotic arm controlled through
Bluetooth  communication using an  Android
smartphone. The system achieved reliable short-range
control and demonstrated smooth motor response. The
limitation of this design was its small payload capacity
and dependency on low-power servos.

3. Niku, S. B. (2022) — Introduction to Robotics:
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Analysis, Control, Applications

In this textbook, Niku explained the fundamental concepts
of robotic arm kinematics, control, and automation. The
theories presented serve as a basis for understanding
robotic motion and programming. However, the book
focuses more on industrial robots rather than low-cost
educational prototypes.

4. Sharma et al. (2021) — “Design and Implementation of
Pick and Place Robotic Arm”

Sharma’s study presented a mechanical arm with four
degrees of freedom controlled through microcontrollers.
The researchers used sensors to improve precision during
object placement. While effective, the system required a
wired control interface and was not portable.

5. Ahmed & Patel (2020) — “Smartphone Controlled
Robotic Arm Using Arduino Uno”

This research demonstrated wireless control of a robotic
arm using an Android app connected via Bluetooth. The
arm could perform lifting and rotating actions for
lightweight objects. The study proved that smartphone-
based systems could provide a low-cost solution for small
automation tasks, forming a foundation for the present
project.

6. Reddy et al. (2019) — “Automation of Robotic Arm for
Educational Purpose”

Reddy and colleagues built a robotic arm model for use in
engineering colleges to teach automation concepts. The
system was semi-automatic and allowed manual override.
It contributed to education but lacked integration with
mobile technology.

B) Literature Summary:-

The review of previous research and existing technologies
reveals that significant progress has been made in the
design and development of robotic arms for various
industrial, educational, and domestic applications. Earlier
studies demonstrated the successful implementation of
robotic arms using microcontrollers such as Arduino, servo
motors, and wired control systems to perform repetitive
tasks like pick-and-place, assembly, and material handling.
Researchers such as Pradhan et al. (2023) and Sharma et
al. (2021) developed low-cost robotic systems focusing on
motion accuracy and stability but relied mainly on wired
connections, which limited portability and flexibility.
Later, Kumar and Singh (2022) and Ahmed and Patel
(2020) introduced Bluetooth-based smartphone control for
wireless operation, proving that mobile technology could
effectively enhance user interaction and simplify robot
control. However, their systems suffered from constraints
such as low payload capacity, short communication range,
and limited operating time due to small batteries. Reddy et
al. (2019) emphasized the educational value of robotic
arms but lacked real-time wireless functionality. Most
prior designs also used heavy materials or complex
hardware configurations, making them unsuitable for low-
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cost or classroom environments. Thus, despite
advancements in automation and wireless control, there
remains a gap in creating a compact, lightweight,
energy-efficient robotic arm that combines affordability
with user-friendly smartphone-based control. The
present work aims to address this gap by designing and
fabricating a Bluetooth-enabled robotic arm powered by
an Arduino microcontroller and servo motors, capable of
performing pick-and-place operations with improved
precision, portability, and cost-effectiveness compared
to existing models.

C) Research Gap:-

0 Lack of Wireless Flexibility

Many existing robotic arm systems rely on wired
connections, which reduce operational range and limit
mobility.

[0 High Cost of Existing Systems

Most industrial robotic arms are expensive and not
suitable for small-scale industries, students, or
academic research.

[0 Limited Payload and Power Efficiency

Previous models often use low-torque servo motors and
non-optimized power systems, restricting lifting
capacity and operational duration.

O Complex Control Mechanisms

Some robotic arms require computer-based or complex
interfaces that are difficult for beginners or non-
engineers to operate.

O Insufficient Use of Smartphone Technology

Few systems have effectively integrated smartphone-
based control for user-friendly and portable wireless
operation.

[ Low Portability and Bulky Design

Existing designs are often heavy, difficult to move, and
require external power sources, reducing their
practicality for mobile or educational use.

[0 Limited Application in Education and Small
Automation Tasks

Most previous research focused on industrial
applications, leaving a gap in developing affordable
robotic systems for teaching, demonstration, and small-
scale automation.

[0 Lack of Integration Between Mechanical and
Control Systems

Many projects emphasize either hardware or software
but fail to achieve seamless integration between
mechanical design, electronics, and communication
control.

IV. RESEARCH METHODOLOGY

A. Proposed System
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Fig. 1. Block Diagram
Working:

The robotic arm operates based on wireless
communication between a smartphone and an Arduino
microcontroller through a Bluetooth module. The user
sends control commands from a smartphone application,
which are transmitted via Bluetooth to the HC-05 module.
The Bluetooth module receives these signals and forwards
them to the Arduino Uno, which acts as the main
controller. The Arduino processes the received commands
and converts them into PWM (Pulse Width Modulation)
signals to drive the servo motors connected to each joint
of the robotic arm. Each servo motor controls a specific
movement, such as base rotation, shoulder lifting, elbow
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bending, wrist rotation, and gripper opening or closing.
The mechanical structure of the arm is designed to
provide smooth and accurate motion, allowing it to
perform pick-and-place operations effectively. The
entire system is powered by a 9V DC battery, ensuring
portability and energy efficiency. This setup enables
real-time wireless control of the robotic arm, making it
simple, cost-effective, and suitable for educational and
small automation applications.

B) Calculation
Torque Calculation:

Object Weight: 100g = 0.1k
Force (Weight):

F=mxg=0.1 kgx9.81 m/s2=0.981 NF =m
\times g = 0.1 \, \text{kg} \times 9.81 \,
\text{m/s}"2 =0.981\,

\text{N} F=mxg=0.1kgx9.81m/s2=0.98 1N
Arm Length: Assume 10 cm = 0.1

Torque:

T=Fxd=0.981 Nx0.1 m=0.0981 N\cdotpmT
=F \times d = 0.981 \, \text{N} \times 0.1
\, \text{m} = 0.0981 \,

\text{N-m} T=Fxd=0.98 1Nx0.1m=0.0981
N\cdotpm

2. Servo Motor Selection:

Choose a 10 kg-cm servo motor (torque =0.98 N-m) for
safety margin.

3. Power Requirement:

Servo Voltage: 6V

Current: Assume 0.5A

Power:

P=VxI=6 Vx0.5 A=3 WP = V \times [ = 6 \, \text{V}
\times 0.5 \, \text{A} = 3 \,
\text{W}P=VxI=6Vx0.5A=3W

4. Control Method:

Use PWM for servo control via Bluetooth/Wi-Fi (e.g.,
ESP32 or Arduino).
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Fig.1. CAD model

V. APPLICATIONS

- Industrial Automation

Used for tasks such as material handling, welding,
painting, and assembly.

Reduces human effort and increases precision in
manufacturing.

Remote Operations

-Operators can control the robotic arm using a
smartphone from a safe distance.

Useful in hazardous environments such as chemical
plants, nuclear sites, or disaster zones. Educational and
Research Purposes

Helps students and researchers understand robotics, 10T,
and embedded systems.

Demonstrates wireless control, servo/motor
programming, and mechanical design.

Medical and Healthcare

Can assist in remote surgeries or rehabilitation exercises
controlled via smartphone.

Used as a prototype for prosthetic or assistive robotic
arms.

Pick and Place Applications

Ideal for small-scale industries for sorting, packaging,
and organizing materials.

Controlled easily through a smartphone app or Bluetooth
interface.

Home Automation

Can perform simple household tasks like lifting small
objects or turning switches on/off.

Agriculture

Can be used to pick fruits, handle plants, or spray
fertilizers controlled remotely.

Defense and Surveillance

Used to handle explosives or suspicious objects safely.
Can integrate with cameras for reconnaissance missions.
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VI. ADVANTAGES

-Wireless and Easy Control
The robotic arm can be operated remotely using a
smartphone through Bluetooth or Wi-Fi, eliminating the
need for physical switches or wired connections. This
makes operation more convenient and user-friendly.
- Reduces Human Effort and Risk
The system can perform repetitive, tiring, or hazardous
tasks without human involvement. This is especially
beneficial in environments such as chemical industries,
high-temperature zones, or areas unsafe for humans.

Improved Accuracy and Efficiency
The robotic arm performs tasks with consistent
precision, reducing human error. It can repeat the same
motion multiple times with high reliability, improving
productivity in small-scale automation systems.
- - Cost-Effective and Portable Design
The project uses easily available, low-cost components
such as Arduino, servo motors, and Bluetooth modules.
Its compact design makes it easy to transport and
suitable for small-scale or educational setups.
Educational and Research Value
The project serves as an excellent learning platform for
students and researchers to understand concepts of robotics,

embedded systems, automation, and wireless
communication. It can also be expanded for future
innovations.

VIIL. LIMITATIONS

Limited Load Capacity

The robotic arm designed for educational or prototype
purposes usually uses small servo or DC motors, which
cannot handle heavy loads. This restricts its application
to lightweight tasks only, such as picking small objects
or performing demonstration activities.

Short Control Range

Since the system typically relies on Bluetooth or Wi-Fi
for smartphone control, its range is limited (usually 10—
20 meters for Bluetooth). This makes it unsuitable for
operations that require long-distance or outdoor
communication.

Battery and Power Limitations

The robotic arm depends on batteries or a limited power
supply. Continuous operation can quickly drain the
battery, requiring frequent recharging or replacement,
which affects its efficiency and usability.

Limited Accuracy and Speed

Compared to advanced industrial robotic systems, the
movement of a smartphone-controlled arm is slower
and less precise. Delays in wireless communication and
mechanical backlash in servo motors can cause errors in
positioning or motion.
Restricted Functionality and Programming Flexibility
The robotic arm can only perform pre-defined or simple
movements programmed by the user. It lacks advanced
sensors, Al integration, or feedback systems that would
enable complex tasks such as object detection, adaptive
gripping, or automation learning.

VIII. RESULT
The project titled “Design and Fabrication of a Robotic
Arm with Smartphone Control” was successfully
designed, constructed, and tested to perform various
operations through wireless communication. The main
objective of the project was to develop a robotic arm that
could be easily controlled using a smartphone, making it
more convenient, flexible, and cost-effective compared to
traditional wired systems.The developed system uses
servo or DC motors for motion control, which are
operated via commands sent from a smartphone through
Bluetooth connectivity. The robotic arm was designed to
perform basic tasks such as picking, placing, and moving
lightweight objects efficiently. During testing, the arm
responded well to smartphone commands with minimal
delay, demonstrating good coordination between the
mechanical structure and the electronic control
system.The use of a smartphone as a controller eliminates
the need for complex hardware interfaces, making the
system user-friendly and portable. The fabricated model
successfully showcased the integration of mechanical
design, embedded systems, and wireless communication

technology. It proved that automation could be
implemented on a small scale using affordable
components without compromising

functionality. However, the system also revealed certain
limitations, such as limited load-carrying capacity,
restricted control range, and battery dependency. Despite
these, the overall performance of the robotic arm was
found to be satisfactory for educational and demonstration
purposes.In  conclusion, the project effectively
demonstrated the concept of a low-cost, wireless-
controlled robotic arm, which can be further enhanced
with advanced sensors, computer vision, and Al-based
control systems for industrial and research applications. It
serves as a foundation for future developments in the field
of robotics, automation, and smart control systems.

IX. CONCLUSION
The project “Design and Fabrication of a Robotic Arm
with Smartphone Control” has been successfully
completed and demonstrated the effective integration of
mechanical, electrical, and communication systems. The
robotic arm was able to perform basic operations such as
picking, placing, and moving small objects through
wireless control using a smartphone. This project
highlights the importance of automation and wireless
technology in simplifying human tasks and increasing
efficiency.The use of a smartphone as a controller makes
the system easy to operate, cost-effective, and portable.
Although the prototype has some limitations, such as
restricted load capacity and limited range, it provides a
strong foundation for future advancements. With further
improvements like adding sensors, cameras, or Al-based
control, this robotic arm can be developed for industrial,
medical, and defense applications.Overall, the project
achieved its objectives successfully and serves as an
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excellent step toward understanding and implementing
smart robotic systems in real-world applications.

X. FUTURE WORKS

The present prototype of the Robotic Arm with
Smartphone Control demonstrates basic movement and
control capabilities using wireless communication.
However, there are several possibilities for further
development and improvement to enhance its
performance and expand its applications.In the future,
the robotic arm can be upgraded by integrating
advanced sensors such as proximity, infrared, or vision
sensors to enable automatic object detection and
obstacle avoidance. The inclusion of camera modules
and Al-based image processing can make the system
capable of identifying and manipulating objects
intelligently.Additionally, the control system can be
improved by shifting from Bluetooth to Wi-Fi or IoT-
based platforms, allowing for longer-range control and
real-time monitoring over the internet. The mechanical
design can also be modified using stronger materials
and higher torque motors to increase load-carrying
capacity and precision.Moreover, voice control, gesture
recognition, or autonomous operation modes can be
introduced to make the arm more versatile and user-
friendly. With these enhancements, the robotic arm can
evolve from a basic educational prototype to an
advanced system suitable for industrial automation,
medical assistance, and research applications.
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