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Abstract 

The robotic arm has emerged as one of the most significant innovations 
in the field of automation and robotics, replicating human arm 
functionalities with precision, accuracy, and repeatability. Over the past 
decades, researchers have focused on developing robotic arms for a wide 
range of applications, including industrial manufacturing, medical 
surgery, agriculture, space exploration, and defence. Early models of 
robotic arms were primarily limited to wired control and simple pick-
and-place operations, while recent developments have integrated 
advanced technologies such as artificial intelligence (AI), computer 
vision, machine learning, and Internet of Things (IoT) for achieving 
autonomous and intelligent operations. 
This paper presents a comprehensive survey of existing robotic arm 
systems with emphasis on their design methodologies, actuation 
techniques, control mechanisms, and applications. A comparative 
analysis of past research works has been carried out to identify the 
trends and limitations in the evolution of robotic arm. 
 

 
INTRODUCTION 
A robotic arm is a programmable mechanical 
device designed to perform functions similar to a 
human arm. With the evolution of Industry 4.0, 
robotic arms are widely used in various domains, 
including industrial automation, healthcare, 
defence, and household applications. These 
systems are usually composed of joints, 
actuators, sensors, and a controller, which 
together enable precise movement and 
manipulation. 
Early robotic arms were limited to simple pick-
and-place operations with wired control. Recent 
advances have introduced embedded processors, 
artificial intelligence, and IoT-based 
communication, enabling robotic arms to become 
more autonomous and efficient. This paper 

provides a survey of different robotic arm models 
and their control systems, compares existing 
literature, and identifies the future potential of 
such systems. 
 
LITERATURE SURVEY 
Several researchers have explored robotic arm 
development using different technologies and 
approaches: 
1. Patel et al. (2019): Developed a low-cost 
robotic arm controlled through Arduino and 
Bluetooth for basic pick-and-place applications. 
2. Kumar et al. (2019): Implemented a 
Raspberry Pi-based robotic arm integrated with 
computer vision for medical surgery 
applications, achieving higher precision but at 
increased cost. 
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3. Singh et al. (2021): Designed an STM32-
controlled robotic arm for agricultural use, 
capable of object detection using AI algorithms. 
4. Ali et al. (2022): Proposed an IoT-enabled 
robotic arm for remote operation, useful in 
hazardous environments such as bomb disposal. 
5. Rao et al. (2023): Presented an AI-driven 
robotic arm capable of real-time decision-making 
and autonomous operation, though 
implementation complexity remained a 
challenge. 
6.   Hussain et al. (2024): Designed a voice-
controlled robotic arm for assisting differently-
abled individuals. This improved accessibility, 
but performance was affected by background 
noise and speech recognition limitations. 
7.   Zhang et al. (2021): Explored the use of 
deep learning algorithms for robotic arms in 
assembly lines. The arm achieved self-learning 
capabilities, though training datasets and 
processing speed remained major challenges. 
8.  Fernandez et al. (2023): Proposed a PLC-
based robotic arm for industrial automation. The 
design was reliable and rugged but lacked 
flexibility compared to modern microcontroller-
based systems. 
 
OBJECTIVE 

 To design a compact and portable robotic 
arm. 

 To make the robotic arm useful for 
multiple applications. 

 To improve precision and accuracy of 
movements. 

 To ensure safe and reliable operation. 
 To provide easy and user-friendly control 

methods. 
 To add intelligence and semi-autonomous 

features. 
 To keep the system cost-effective and 

affordable. 
 To build a durable design with scope for 

future upgrades. 
 
3D Structure of Robotic Arm Hand: 

 The robotic arm hand consists of a base, 
shoulder, elbow, wrist, and gripper 
segments. 

 The base provides stability and supports 
rotational movement. 

 Shoulder and elbow joints are connected 
with servo motors for multi-directional 
motion. 

 The wrist allows precise angular 
adjustments for fine movements. 

 The gripper mimics human fingers for 
holding and manipulating objects. 

 Sensors are embedded at joints for 
position feedback and motion control. 

 The 3D model is designed using CAD 
software for visualization and simulation. 

 The structure ensures compactness, 
flexibility, and human-like dexterity. 

 
Concept,design&development 
The Robotic Arm Hand is designed to replicate 
human hand movements for tasks requiring 
precision and dexterity. The concept involves 
integrating mechanical linkages, actuators, and 
sensors to enable controlled motion across 
multiple joints such as the shoulder, elbow, wrist, 
and fingers. The design process begins with 3D 
modelling using CAD software to visualize the 
arm’s structure, followed by selecting 
appropriate servo motors, microcontrollers, and 
sensors for actuation and feedback. Development 
focuses on assembling the components into a 
compact and functional prototype, programming 
the control algorithms, and testing the arm for 
smooth, accurate, and reliable operation. 
 
Mechanism 
 The robotic arm hand has joints and links that 
move to mimic human hand motion. 
 Arrows indicate the direction of rotation or 
movement at each joint (like wrist, elbow, 
fingers). 
 The mechanism converts motor input into 
precise hand and finger motion for tasks like 
picking and placing objects. 
 Uses miniature air or hydraulic cylinders to 
control finger or joint movement with higher 
strength and precision. 
 Integrates a camera with AI to detect object 
size, shape, and orientation before picking or 
placing. 
 Force Feedback Mechanism – Incorporates 
haptic sensors so the hand can “feel” the object 
and adjust grip strength dynamically. 
  Tendon-Driven Mechanism – Uses cables and 
pulleys to mimic natural human finger 
movements. 
  Solenoid Valves & Air Pump – Regulates 
airflow for smooth, human-like finger motions. 
  Detects applied force to prevent damage to 
delicate objects. 
 
Component 
Microcontroller (Raspberry Pi): Brain of the 
robotic arm, controls all movements. 
Glove with Flex Sensors: Detects finger bending 
and sends signals. 
Accelerometer (ADXL345, optional): Detects 
hand orientation and tilt. 
Servo Motors: Move joints and fingers precisely. 
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Motor Driver (L298N, if using DC motors): 
Handles higher current for motors. 
Power Supply / Battery: Provides stable voltage 
and current. 
Structural Frame / Arm Joints: Supports motors, 
sensors, and gripper. 

Gripper / Robotic Hand: End-effector to grasp 
and manipulate objects. 
Wires and Connectors: Connect all components 
for signal and power. 
Control Interface (Wireless): Optional manual 
control. 
 

Block diagram 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig.1. Block Diagram of Robotic Arm Hand with Object Detection Vehicle 
 
Working 
The Robotic Arm Hand using a Raspberry Pi 
operates as an intelligent, programmable system 
that mimics human hand movements. The 
Raspberry Pi acts as the main controller, 
receiving commands either from a PC interface, 
sensors, or a wireless device. These commands 
are processed and sent to servo motors attached 
to the arm joints and fingers, which move 
precisely to lift, rotate, and grip objects. The 
fingers use linkages or tendon-like mechanisms 
to open and close, while flex or force sensors 
provide feedback on grip strength and finger 
position, ensuring safe handling of objects. The 
arm is powered by a suitable DC power supply or 
battery, and the Raspberry Pi runs a program that 
synchronizes motor movements and sensor 
inputs. In this setup, the robotic arm hand can 
perform tasks autonomously or via user input, 
combining mechanical motion, electronic 
control, and sensor feedback to replicate human 
hand functionality. 
 
Challenges and limitations 
Design Complexity → The robotic arm hand 
requires precise mechanical design to replicate 
human-like movements, including joint 
articulation, finger coordination, and gripping 
mechanisms. Integration of motors, sensors, and 
Raspberry Pi increases design complexity 

Weight Concerns → The weight of motors, arm 
structure, and Raspberry Pi can affect stability 
and movement efficiency. Heavy components 
may require higher torque motors, increasing 
power consumption 
User Accessibility → The system should be easy 
to control, either through joysticks, GUI interface, 
or wireless commands. Complex interfaces may 
make it difficult for users without technical 
knowledge 
Cost Consideration → High-precision servo 
motors, sensors, and controllers increase overall 
project cost. Using advanced materials or 
multiple sensors further adds to expenses 
Regulatory Compliance → If intended for 
industrial or medical use, the design must meet 
safety and quality standards. Electrical safety and 
mechanical reliability must be ensured to prevent 
accidents 
Maintenance and Longevity → Motors and 
sensors may wear out over time, requiring 
regular maintenance. Longevity depends on 
quality of components and frequency of use 
User Acceptance → Users may hesitate to adopt 
robotic hands if they are expensive, complicated, 
or unreliable. Ease of use, reliability, and practical 
applications enhance acceptance 
Applications and Market Demand → Useful in 
education, research, prosthetics, industrial 
automation, and robotic competitions. Growing 
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interest in automation and assistive robotics 
drives market demand for such robotic arm 
hands. 
 
Application 
The Robotic Arm Hand has a wide range of 
applications across various fields due to its 
precision, automation, and versatility. In 
industries, it can be used for assembly lines, 
material handling, welding, and packaging, 
reducing human effort and improving efficiency. 
In the medical field, it assists in surgeries, acts as 
prosthetic support, and aids in rehabilitation 
therapy. It is also beneficial in agriculture, 
performing tasks like fruit picking, planting, and 
automated harvesting to save labour and time. In 
laboratories, it handles dangerous chemicals and 
repetitive experiments safely. Additionally, it is 
valuable in defence and rescue operations, such 
as bomb disposal and disaster management, 
where human intervention is risky. The robotic 
arm serves as an effective tool in education and 
research, helping students and researchers 
explore robotics, automation, and AI integration. 
It can also support home automation, assisting 
differently-abled persons with daily tasks, and 
finds applications in space exploration, managing 
equipment in environments unsafe for humans. 
 
Conclusion 
In conclusion, the Robotic Arm Hand is an 
innovative system that replicates human hand 
movements using a combination of Raspberry Pi, 
servo motors, sensors, and mechanical linkages. 
Despite challenges such as design complexity, 
weight management, cost, and user accessibility, 
it demonstrates significant potential in 
education, research, prosthetics, and industrial 
automation. With careful design, reliable 
components, and proper maintenance, the 
robotic arm hand can efficiently perform precise 
tasks, offering a practical solution in automation 
and assistive technologies. The project highlights 
the growing importance of robotics in modern 
applications and sets a foundation for further 
enhancements in dexterity, control, and user-
friendly interfaces. 
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