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Abstract- The robotic arm is one of the most significant innovations in the field of automation and robotics, capable of
replicating human arm movements with high precision, accuracy, and repeatability. Over the past decades, researchers
have developed robotic arms for various applications such as industrial manufacturing, medical surgery, agriculture, space
exploration, and defense operations. Early robotic arm systems were limited to simple wired control and basic pick-and-
place operations. However, recent advancements have integrated modern technologies including artificial intelligence (Al),
computer vision, machine learning, and Internet of Things (10T) to achieve intelligent and autonomous functionality. This
paper presents a comprehensive survey of existing robotic arm systems with emphasis on their design methodologies,
actuation techniques, control mechanisms, and practical applications. A comparative analysis of various research works
has been conducted to understand the technological evolution and identify limitations in current robotic arm systems. The
study also highlights future opportunities for developing intelligent robotic arms capable of performing complex real-world
tasks with improved efficiency and reliability.
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I. INTRODUCTION

A robotic arm is a programmable mechanical device
designed to perform tasks similar to those of a human
arm. With the rapid advancement of Industry 4.0
technologies, robotic arms are increasingly used in
various domains including industrial automation,
healthcare, defense systems, and domestic
applications. These robotic systems typically consist
of multiple joints, actuators, sensors, and a control unit
that together enable precise movement and object
manipulation.

Early robotic arm systems were primarily designed for
basic industrial operations such as pick-and-place
tasks with wired control mechanisms. However,
modern  robotic arms incorporate  embedded
processors, artificial intelligence, and loT-based
communication systems, enabling them to perform
complex tasks autonomously. Advanced sensors and
vision

systems allow robotic arms to detect objects, analyze
environments, and execute tasks with high precision.

This review paper presents an overview of robotic arm
technologies and their design approaches. It also
discusses various control methods and analyzes
previously published research to identify the strengths
and limitations of existing systems. Furthermore, the

study highlights future developments that could
improve the performance and adaptability of robotic
arms in real-world applications.

Il. LITERATURE REVIEW

Several researchers have explored the development of
robotic arms using different technologies and
approaches.

Patel et al. (2019) developed a low-cost robotic arm
controlled using ESP32 & STM32Blue pill technology
for basic pick-and- place operations. Their system
demonstrated simple wireless control but lacked
advanced automation capabilities.

Kumar et al. (2019) designed a ESP32 & STM32Blue
pill-based robotic arm integrated with computer vision
for medical surgery applications. Their system
achieved higher precision and better control accuracy;
however, the cost and computational complexity were
significantly higher.

Singh et al. (2021) proposed an STM32-based robotic
arm designed for agricultural applications capable of
performing object detection using artificial
intelligence algorithms. The system improved
automation but required complex programming and
calibration.

Ali et al. (2022) developed an loT-enabled robotic arm
that can be remotely operated through internet-based
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control systems. Such systems are useful in hazardous
environments like bomb disposal and industrial
inspection, though network delays may affect
performance.

Rao et al. (2023) introduced an Al-driven robotic arm
capable of real-time decision-making and autonomous
operation. Although the system demonstrated
improved intelligence, the implementation complexity
and training requirements were major challenges.

Hussain et al. (2024) proposed a voice-controlled
robotic arm designed to assist differently-abled
individuals. While the system improved accessibility,
its performance was affected by background noise and
speech recognition limitations.

Zhang et al. (2021) explored deep learning algorithms
for robotic arms used in assembly lines. The system
enabled self- learning capabilities but required large
training datasets and high processing power.

Fernandez et al. (2023) presented a PLC-based robotic
arm designed for industrial automation. The system
was highly reliable and rugged but lacked flexibility
compared to microcontroller-based robotic systems.

1. SYSTEM ARCHITECTURE

The hardware architecture of the proposed Robotic
Arm Hand with Object Detection Vehicle is centered
around the ESP32 & STM32Blue pill microcontroller,
which is selected for its high computational capability,
object processing support, and ability to interface with
multiple sensors and actuators. The ESP32 &
STM32Blue pill acts as the main processing unit
responsible for controlling the robotic arm movements
and handling object detection through the Ultrasonic
sensor module.

The overall system architecture is divided into three
major interacting subsystems: the Perception Unit, the
Central Control Unit, and the Actuation Unit. The
Perception Unit gathers environmental information
using the optional sensors such as flex sensors and
accelerometers. The sensor captures real-time
condition surrounding objects, which are then
processed by object detection algorithms running on
the ESP32 & STM32Blue pill.

The Central Control Unit, based on the ESP32 &
STM32Blue pill processor, processes the incoming

sensor and data. After identifying the object and
analyzing its position, the controller generates control
signals to regulate the movement of motors and
actuators. The system software synchronizes sensor
inputs with motor outputs to ensure smooth operation
and accurate manipulation.

The Actuation Unit includes servo motors, DC motors,
motor driver circuits, and the robotic arm mechanism.
Servo motors are used to control the movement of arm
joints such as the shoulder, elbow, wrist, and gripper.
DC motors are responsible for driving the vehicle
platform, allowing the robotic system to move toward
the detected object. The integration of these
subsystems enables the robotic platform to detect,
approach, and pick objects efficiently.

This modular architecture separates the sensing,
processing, and actuation functions, ensuring stable
operation and making the system easier to maintain,
upgrade, and expand for future developments.

A. Mechanical Design and Propulsion

The mechanical structure of the robotic system
consists of a mobile vehicle platform integrated with a
multi-joint robotic arm. The robotic arm is designed
with multiple joints including the base, shoulder,
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elbow, wrist, and gripper, which collectively provide
flexible and precise movement similar to a human arm.
The robotic arm joints are driven using servo motors,
which provide accurate angular positioning and
smooth motion control. The vehicle platform is
powered by DC motors connected through L298N
motor driver circuits, allowing the system to move in
different directions such as forward, backward, left,
and right.

The entire system is powered using a regulated DC
power supply or rechargeable battery, which provides
sufficient voltage and current for the ESP32 &
STM32Blue pill, motors, sensors, and other electronic
components.

B. Object Detection and Manipulation Mechanism
The robotic arm uses an object detection mechanism
based on a ultrasonic sensor module integrated with
the ESP32 & STM32Blue pill. The sensors
continuously captures gesture of the surrounding
environment, and moment processing algorithms
analyze the captured frames to detect objects based on
their shape, size, and position.

Once an object is detected, the ESP32 & STM32Blue
pill calculates the approximate position of the object
relative to the robotic arm.

Control signals are then sent to the servo motors to
adjust the arm position accordingly.

The gripper mechanism, which acts as the end-effector
of the robotic arm, opens and closes to grasp objects
securely. The system ensures accurate positioning of
the arm before gripping to avoid object slippage or
damage. This coordinated mechanism enables the
robotic system to perform tasks such as pick-and-place
operations, object sorting, and automated handling.

C. Sensory and Communication Interface

The robotic system incorporates multiple sensors and
communication interfaces to improve operational
accuracy and user interaction.

The analyzing functions as the primary vision sensor,
enabling object detection and visual feedback.
Optional sensors such as flex sensors and
accelerometers can be integrated to detect arm
orientation and finger movement.

Wireless communication can be implemented through
Wi-Fi or Bluetooth modules, allowing the robotic arm
to be controlled remotely through a computer or
mobile device. This interface allows users to send
commands, monitor system performance, and control
the robotic arm operations in real time.

By combining sensing, processing, and wireless
communication capabilities, the system becomes more
flexible and suitable for various automation and
research applications.

IV SOFTWARE IMPLEMENTATION

The software of the proposed Robotic Arm Hand with
Object Detection Vehicle is developed using Python
programming on the ESP32 & STM32Blue pill
platform. The ESP32 & STM32Blue pill acts as the
main controller that processes sensor input, executes
object detection algorithms, and controls the motion of
motors and actuators. The software architecture
follows a modular programming approach where
different functions such as object detection, motor
control, sensor monitoring, and communication are
handled through separate modules to ensure efficient
and reliable system performance.

The system integrates object processing algorithms
with motor control logic, allowing the robotic arm to
identify objects and perform pick-and-place
operations automatically. The software continuously
processes input from the sensors and generates
appropriate control signals for the robotic arm joints
and vehicle motors.

A. Control Task Management

The system firmware is divided into multiple logical
tasks to maintain proper synchronization between
sensing, processing, and actuation operations.

1. ObjectDetectionTask (Priority: High):

This task processes real-time object captured by the
various sensor. Object processing algorithms are used
to identify objects based on shape, color, or predefined
features. Once an object is detected, its approximate
position is calculated and sent to the motor control
module for further action.

2. MotorControlTask (Priority: High):

This task controls the movement of the robotic arm
joints and vehicle motors. Based on commands
generated by the object detection module, the ESP32
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& STM32Blue pill sends signals to servo motors and
DC motors through the motor driver circuit. The task
ensures smooth and precise movement of the arm and
vehicle.

3. SensorMonitoringTask (Priority: Medium):
This task monitors sensor inputs such as flex sensors,
accelerometers, or other optional feedback sensors
integrated into the robotic arm. These sensors help
determine arm orientation, joint movement, and
gripping position to improve accuracy and safety.

4. CommunicationTask (Priority: Medium):

This module handles communication between the
robotic system and the user interface through wireless
connectivity such as Wi-Fi or Bluetooth. It allows the
user to send control commands and monitor system
status remotely.

B. Control Logic Flow

The control logic of the robotic arm system follows a
state- based operation model, ensuring smooth
coordination between detection, movement, and object
manipulation.

. Initialization State:

The ESP32 & STM32BIlue pill initializes the system
components including the module, sensors, motor
drivers, and communication interfaces. System checks
and calibration procedures are performed before
operation begins.

. Detection State:

The various type of sensor continuously captures
object and distance of the surrounding environment.
Object processing algorithms analyze the captured
frames to detect the presence and position of objects.

. Operational State:

Once an object is detected, the robotic arm moves
toward the object using servo motor control. The
gripper mechanism opens and closes to grasp the
object and perform the required operation such as
picking or placing.

. Idle / Safety State:

If no object is detected or if a system error occurs, the
robotic arm remains in idle mode to prevent
unnecessary movement. Safety conditions ensure that
motors stop immediately if abnormal behavior is
detected.

V. RESULTS AND DISCUSSION

The performance of the proposed Robotic Arm Hand
with Object Detection Vehicle was evaluated based on
the accuracy of object detection, precision of robotic
arm movement, and the responsiveness of the control
system. Several experimental tests were conducted in
a controlled laboratory environment to analyze the
system’s ability to detect, approach, and grasp objects
effectively.

To validate the proposed system architecture, a series
of experiments were performed using different objects
placed at varying distances and orientations. The
evaluation process focused on two main parameters:;
object detection accuracy and  mechanical
manipulation precision. The ultrasonic and IR module
captured real-time objects, which were processed
using object detection algorithms running on the
ESP32 & STM32Blue pill processor. The robotic arm
then moved toward the detected object and performed
the pick-and-place operation using servo motor
control.

During the experiments, system performance metrics
such as object detection success rate, arm positioning
accuracy, motor response time, and power
consumption were carefully observed. These
parameters were used to analyze the overall efficiency
and reliability of the robotic system compared with
conventional manual handling methods.

A. Object Detection Accuracy

The sensors integrated with the ESP32 & STM32Blue
pill successfully detected objects placed with the help
of PS3 field of view. Object processing algorithms
were used to identify objects based on their shape and
position.

Experimental observations showed that the system
was able to detect objects accurately within a range of
30-70 cm from the sensors . The robotic arm then
adjusted its position to align with the detected object
before performing the grasping operation.

The average object detection accuracy observed
during testing was approximately 90-92%, depending
on lighting conditions and object orientation.
Detection performance was slightly reduced in low-
light environments, indicating that proper lighting
conditions are important for reliable operation.
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B. Robotic Arm Movement and Gripping Accuracy
The servo motors used in the robotic arm joints
provided precise angular control for smooth
movement of the arm segments. The shoulder, elbow,
and wrist joints enabled the arm to position itself
accurately in front of the detected object.

During experimental trials, the robotic arm
demonstrated stable movement and consistent object
manipulation. The gripper mechanism successfully
grasped objects with approximately 88—90% success
rate, depending on object shape and size.

Minor positioning errors were occasionally observed
when objects were placed at extreme angles relative to
the sensor prediction view. However, the overall
mechanical performance of the robotic arm remained
reliable and efficient.

C. Operational Efficiency

The robotic arm system significantly reduces human
effort in performing repetitive pick-and-place
operations. The automated detection and manipulation
process allows the robotic system to complete tasks
faster and with higher precision compared to manual
handling.

As shown in Table I, the robotic system demonstrates
improved operational efficiency in terms of task
completion time and manpower requirements.

TABLE I. PERFORMANCE METRICS

Parameter Ma Rob
nua otic
| Met
Met hod
hod
Time per 15-20 sec 6-8 sec
Pick
Operatio
n
Human 1-2 persons 1 operator
Labo
r
Requ
ired
Handling +12% +3%
Accuracy variation variation

The results indicate that the robotic system can
perform object handling tasks more consistently and
efficiently than manual operations.

D. Power Consumption

The robotic system is powered by a regulated DC
power supply or rechargeable battery connected to the
ESP32 & STM32Blue pill and motor driver circuits.
During testing, the average power consumption of the
system was observed to be approximately 18-22 W
during active operation.

This level of power consumption allows the system to
operate continuously for approximately 2 hours using
a standard rechargeable battery, making it suitable for
educational, laboratory, and automation applications.

VI .CONCLUSION

The proposed Robotic Arm Hand with Object
Detection Vehicle demonstrates an effective
integration of mechanical design, computer vision,
and embedded control to perform automated object
detection and manipulation tasks. By utilizing a
ESP32 & STM32Blue pill controller, all type of
sensors module, servo motors, and motor driver
circuits, the system is capable of identifying objects in
its surroundings and performing precise pick-and-
place operations. The combination of object
processing algorithms and motor control mechanisms
allows the robotic arm to replicate basic human hand
movements with improved accuracy and repeatability.
Experimental observations indicate that the system
performs reliably in detecting objects and executing
grasping  operations under normal operating
conditions. The robotic arm achieved a high success

rate in object detection and manipulation,
demonstrating its potential for applications in
industrial  automation, laboratory  handling,

educational robotics, and assistive technologies. The
integration of wireless communication and sensor
feedback further enhances the flexibility and usability
of the system.

Although the system shows promising results, certain
challenges such as lighting dependency for object
detection, mechanical precision limitations, and power
consumption  constraints  remain  areas  for
improvement. Future developments can focus on
integrating advanced machine learning algorithms,
improved vision systems, and more efficient actuator
mechanisms to enhance system performance.
Additionally, implementing autonomous navigation

© 2026 IJSRET

5



International Journal of Scientific Research & Engineering Trends
Volume 12, Issue 3, May-June-2026, ISSN (Online): 2395-566X

and advanced sensor fusion techniques can further
improve the capability of the robotic platform.

Overall, the proposed robotic arm system provides a
cost- effective and scalable solution for automated
object handling and demonstrates the growing
importance of robotics and intelligent automation in
modern technological applications.

VIil. HARDWARE SUBSYSTEM
INTERATION
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The overall hardware architecture of the Robotic Arm
Hand with Object Detection Vehicle is illustrated in
Fig. 1. The diagram represents the interaction between
various subsystems responsible for power distribution,
object acquisition, data processing, and mechanical
actuation. The system follows a centralized control
architecture in which all sensors, motors, and
peripheral modules are connected to the ESP32 &
STM32Blue pill microcontroller, which acts as the
central processing unit. This modular architecture
ensures that sensing, processing, and actuation
operations are coordinated efficiently  while
maintaining stable system performance.

At the top of the system hierarchy is the Power Supply
Unit, which provides electrical energy to all
components of the robotic platform. The system is
powered using a regulated DC power supply or
rechargeable battery capable of delivering sufficient
current to drive both electronic and mechanical
components. The power supply distributes different
voltage levels required by various modules. Typically,
the ESP32 & STM32Blue pill operates at 5V, while
servo motors and DC motors may require higher
current levels for proper operation. Voltage regulators

and filtering capacitors are used to stabilize the supply
and prevent fluctuations that could affect system
performance. Proper grounding techniques are also
implemented to minimize electrical noise and ensure
reliable communication between components.

The perception layer of the architecture is represented
by the optional sensors. The various type of sensors
captures real-time object of the surrounding
environment, allowing the system to detect objects
through object processing algorithms. These object s
are transmitted directly to the ESP32 & STM32Blue
pill for analysis. In system model such as flex sensors,
accelerometers, or position sensors may be integrated
to monitor arm movement and orientation. These
sensors provide feedback signals to the controller,
enabling accurate positioning and improved
manipulation capabilities.

The ESP32 & STM32Blue pill microcontroller
functions as the cognitive core of the robotic system.
It processes input data received from the sensors and
executes control algorithms that determine the
movement of the robotic arm and vehicle platform.
The ESP32 & STM32Blue pill runs object processing
programs and motor control logic simultaneously,
enabling the system to detect objects and perform
pick-and-place operations efficiently. Its high
processing capability allows the system to perform
complex computations, including object recognition,
object localization, and motion planning.

The actuation subsystem consists of servo motors, DC
motors, motor driver circuits, and the robotic arm
structure. Servo motors are responsible for controlling
the rotational movement of the robotic arm joints such
as the shoulder, elbow, wrist, and gripper. These
motors allow precise angular positioning required for
accurate object manipulation. DC motors, controlled
through L298N motor driver circuits, provide the
driving force required for the vehicle platform,
enabling the robotic system to move toward detected
objects.

The motor driver circuit acts as an interface between
the ESP32 & STM32Blue pill and the motors. It
amplifies low-power control signals from the
controller into higher current outputs required to
operate the motors. This ensures safe and efficient
control of mechanical components without damaging
the microcontroller. The gripper mechanism, located
at the end of the robotic arm, functions as the end-
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effector responsible for grasping and releasing objects
during operation.

By integrating power management, perception
systems, central processing, and actuation
mechanisms, the hardware subsystem interaction
forms a cohesive robotic platform capable of
performing automated object detection and
manipulation  tasks. This modular hardware
architecture improves system reliability, simplifies
troubleshooting, and provides flexibility for future
upgrades such as additional sensors, advanced vision
systems, or autonomous navigation modules.
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