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Abstract  -  Automation  has  become  an  essential 

requirement in modern industrial environments to 

achieve higher productivity, accuracy, and operational 

efficiency. Among various automation solutions, pick- 

and-place robotic systems play a crucial role in material 

handling, sorting, packaging, and assembly operations. 

Traditional pick-and-place systems are generally rigid, 

preprogrammed, and lack adaptability, as they depend on 

fixed coordinates or mechanical sensors. These 

limitations reduce flexibility and increase manual 

intervention when object position, orientation, or type 

changes. To overcome these challenges, this project 

focuses on the design and development of an Industrial 

Pick and Place Robot using Image Processing, which 

integrates computer vision, machine learning, and robotic 

control to enable intelligent and autonomous operation. 

The proposed system employs a camera-based vision 

module to continuously monitor the workspace and 

capture real-time images. These images are processed 

using OpenCV and deep learning techniques such as 

Convolutional Neural Networks (CNN) integrated with 

the YOLO (You Only Look Once) algorithm. The image- 

processing unit is capable of identifying and classifying 

objects based on their visual features, particularly 

geometric shapes such as circles and triangles. Once an 

object matching predefined selection criteria is detected, 

its position coordinates are extracted and transmitted to 

the control unit through serial communication. 

An Arduino Uno microcontroller acts as the central 

controller of the system. It receives object location data 

from the image-processing module and generates 

appropriate control signals to drive the robotic arm. The 

robotic arm is designed with four degrees of freedom and 

is fabricated using 3D-printed components. MG995 servo 

motors are used to achieve precise and smooth joint 

movements, while an electromagnet is employed as the 

end-effector to securely pick and release metallic objects. 

The coordinated operation between the vision system and 

the robotic arm enables accurate pick-and-place actions 

from one location to another without human intervention. 
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1. INTRODUCTION 

In today’s rapidly advancing industrial environment, 

automation plays a key role in improving productivity, 

precision, and efficiency. Industries are increasingly 

adopting intelligent robotic systems to perform repetitive 

and time-consuming tasks with greater accuracy and 

reliability. Among various automation technologies, pick 

and place robots have gained significant attention due to 

their ability to handle objects and materials without 

human intervention. The proposed project, Industrial Pick 

and Place Robot using Image Processing, aims to design 

a robotic arm that can automatically identify, pick, and 

place objects based on their shapes using advanced image 

processing techniques and machine learning algorithms. 

This project integrates computer vision, machine 

learning, and robotics to create a semi-intelligent system 

capable of making real-time decisions. The camera 

module, connected to a laptop, captures the live video 

feed from the working area. The captured frames are 

processed using OpenCV, and a CNN (Convolutional 

Neural Network) combined with the YOLO (You Only 

Look Once) algorithm identifies the object based on its 

geometric shape such as circle or triangle. Once the object 

is recognized, the system decides whether it meets the 

selection criteria. If the condition is satisfied, the robotic 

arm, controlled by an Arduino Uno, activates its 

electromagnet to pick the object and move it from point 

A to point B along a predefined path. 

2. Body of Paper 
The body of the paper consists of numbered sections that 

present the main findings. These sections should be organized 
to best present the material. 

Problem Identification 

Section 1 In modern industrial and manufacturing 
environments, pick-and-place operations are fundamental 
to material handling, assembly, and packaging processes. 
Conventional pick-and-place systems are predominantly 
based on preprogrammed paths and fixed object locations. 
Such systems lack flexibility and fail to perform 
effectively in dynamic or unstructured environments 
where object positions, orientations, or types may vary. 
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Existing System 

Section 2 The existing pick-and-place systems used in 

industrial and laboratory environments primarily rely on 

conventional robotic arms operating in structured and 

predefined settings. These systems are typically 

programmed to follow fixed trajectories and perform 

repetitive tasks based on predetermined object locations. 

Positioning is often achieved using limit switches, 

proximity sensors, or pre-calibrated coordinates rather 

than real-time feedback. 

Proposed System 

Section 3 The proposed system is a vision-based 

robotic arm designed to perform efficient pick-and-place 

operations in dynamic and unstructured environments. 

Unlike conventional systems, the proposed solution 

integrates image processing techniques with robotic arm 

control to enable real-time object detection, localization, 

and manipulation. 

System Requirements 

Section 4 The system requires a multi-degree-of- 

freedom robotic arm equipped with servo motors and an 

end effector for object handling. A digital camera is 

needed to capture real-time images of the workspace for 

object detection. A microcontroller-based control unit is 

required to process motion commands and control motor 

actuation. Image processing software is necessary to 

analyze visual data and extract object coordinates. A 

stable power supply and mechanical support structure are 

essential for reliable operation. 

System Design 

Section 5 The system design integrates mechanical, 

electrical, and software components into a unified 

architecture. The robotic arm is mechanically designed to 

provide adequate reach, payload capacity, and stability. 

Servo motors are positioned at each joint to allow precise 

angular control. The vision system is designed to capture 

images of the workspace and process them in real time. 

Implementation 

Section 6 The implementation involves assembling 

the robotic arm structure and integrating servo motors at 

each joint for controlled movement. A camera is mounted 

at a fixed position to continuously capture images of the 

workspace. Image processing algorithms are implemented 

to detect objects and extract their coordinates in real time. 

The system is calibrated to convert image coordinates into 

real-world positions. Inverse kinematic calculations are 

used to determine the required joint angles for the robotic 

arm. 

Testing 

Section 7 Testing is conducted by placing objects 

at various positions and orientations within the 

workspace to evaluate system performance. The 

accuracy of object detection and end-effector 

positioning is measured across multiple trials. 

Response time and repeatability of the pick-and- 

place operation are analyzed to ensure consistent 

behavior. The system is also tested under different 

lighting conditions to assess the robustness of the 

image processing algorithm. 

Results 

Section 8 The experimental results show that the 

robotic arm successfully performs pick-and-place 

operations with high accuracy and consistency. The 

vision-based approach enables reliable detection and 

localization of objects placed at varying positions. The 

end effector achieves precise placement with minimal 

positional error across repeated trials. The system 

demonstrates stable performance and acceptable response 

time under controlled operating conditions. 

 
Table -1: Sample Table format 

Component Description Function 

Arduino Uno A microcontroller 

board based on 

ATmega328P. 

Acts as the brain of 

the robotic arm, 

controlling  motors 
and sensors 

Breadboard Solderless 
prototyping board 

Provides a platform 

for connecting and 

testing    circuits 
without soldering 

SMPS A regulated power 

supply providing 

5V at 5A 

Supplies stable 

power to the 

Arduino and servo 

motor 

Jumper Wires Electrical wires 

with male/female 

connectors 

It make connections 

between the 

components. 

Relay Module An,electrically 

operated  switch 

that uses a low- 

power control 

signal to switch a 
higher-power 

circuit 

Allows the Arduino 

to safely control 

high-current devices 

like,electromagnet 

by turning them ON 

and OFF 

Copper Wires Conductive metal 

wire made of 

copper,commonly 

used for electrical 
connections and 

coils. 

Used to carry 

electric current; in 

this project, it can be 

used for making the 

electromagnet coil. 
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Fig 2: Arduino Uno 

 

 

 

 

Fig 2: Breadboard 

 

Fig 3: Switch Mode Power Supply(SMPS) 
 

 

Fig 4: Jumper Wires 

Fig 5: Relay Module 
 

Fig 6: Copper Wires 

 

 
Fig 7: System Architecture Diagram 

The hardware configuration includes a multi-degree-of- 

freedom robotic arm equipped with servo motors, a gripper as 

the end effector, and a digital camera for workspace 

monitoring. A microcontroller is used for motor control and 

system coordination, supported by motor driver circuits and a 

regulated power supply. The mechanical structure provides 

stability and accurate alignment of components. The software 

configuration consists of an image processing platform for 

object detection and coordinate extraction, a programming 

environment for microcontroller control, and CAD tools used 

during the design phase. Communication software enables data 

transfer between the vision system and the controller for 

synchronized operation. 

The integrated hardware–software configuration ensures 

seamless coordination between visual sensing and robotic 

motion. The camera continuously provides real-time image 

data, which is processed by the image processing software to 

identify object features and positions. The processed data is 

communicated to the microcontroller, where control algorithms 

and kinematic calculations generate precise motor commands. 

Servo motors execute these commands to achieve accurate arm 

movement and object manipulation. This coordinated operation 

enhances system reliability, flexibility, and overall efficiency 

in pick-and-place applications. 

https://ijsrem.com/


         

         International Journal of Scientific Research in Engineering and Management (IJSREM) 
                           Volume: 09 Issue: 12 | Dec - 2025                               SJIF Rating: 8.586                                      ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | https://ijsrem.com                                      DOI: 10.55041/IJSREM55560                                               |        Page 4 
 

3. CONCLUSIONS 

This project successfully presented the design and 

analysis of a robotic arm for efficient pick-and-place 

operations using image processing techniques. The 

integration of a vision system enabled real-time object 

detection and localization, overcoming the limitations of 

conventional fixed-position robotic systems. Mechanical 

design considerations ensured sufficient reach, stability, 

and payload handling capability. Kinematic analysis 

provided accurate computation of joint movements, 

resulting in precise end-effector positioning. The use of 

image processing enhanced system adaptability in 

dynamic environments. 

Implementation of the control system enabled 

coordinated operation between the vision module and 

robotic arm. Experimental testing demonstrated reliable 

performance with minimal positioning error and good 

repeatability. The system showed acceptable response 

time for small-scale automation tasks. Variations in 

object placement were handled without the need for 

manual reprogramming. The modular design allows for 

easy maintenance and future upgrades. The proposed 

solution is cost-effective compared to advanced industrial 

robots. It is suitable for educational, laboratory, and 

small-scale industrial applications. Limitations related to 

lighting conditions were observed during testing. These 

limitations can be addressed through improved 

illumination or advanced algorithms. 

Future enhancements may include machine learning- 

based object recognition. Additional sensors can further 

improve accuracy and robustness. 
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