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Abstract— The demand for automated product sorting
systems is escalating across various industries owing to the
need for enhanced efficiency and accuracy in
manufacturing processes. This paper presents a
comprehensive analysis and design of a Multipurpose
Product Sorting System (MPPSS) utilizing Programmable
Logic Controller (PLC) technology. The proposed system
integrates sensors, actuators, and a PLC unit to automate
the sorting process based on predefined criteria such as
material, colour, or defect. The report defines the
fundamental components and architecture of the MPPSS,
clarifying the role of PLC in the sorting operations.
Moreover, it investigates into the programming aspects,
detailing the logic and algorithms implemented in the PLC
to facilitate seamless product sorting. Furthermore, the
paper highlights the benefits of employing PLC
technology, including flexibility, scalability, and real-time
monitoring capabilities, which contribute to improved
operational efficiency and reduced downtime. In addition
to the technical aspects, the report explores practical
considerations such as cost-effectiveness, maintenance
requirements, and potential challenges associated with
implementing the MPPSS in industrial settings. Case
studies and experimental results are presented to validate
the efficacy and performance of the proposed system in
various applications

Index Terms— Multipurpose sorting systems, logistics,
supply chain management, automation, efficiency,
accuracy.

I INTRODUCTION

Globalization of markets, e-commerce's explosive
expansion, and rising customer expectations have
completely changed the logistics and supply chain
management scene. The effective handling and sorting
of products has become essential for success in an
ever-changing market. Conventional sorting
techniques frequently find it difficult to handle the
wide variety of products, different product sizes, and
shifting demand trends. Because multipurpose product
sorting systems provide flexibility, speed, and
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precision in the sorting process, they have become a
feasible solution to these difficulties.

This study explores the field of multipurpose product
sorting systems with the goal of offering a thorough
grasp of its features, uses, and global industry
ramifications. This study aims to clarify the
complexities of these systems by emphasizing their
theoretical foundations and practical applications. It
also highlights the importance of these systems in
terms of improving operational efficiency,
maximizing resource use, and creating competitive
advantages.

Product handling and logistics management have
undergone a fundamental change with the advent of
multipurpose sorting systems. In contrast to traditional
sorting techniques, which are frequently limited by
inflexible structures and limited flexibility, these
sophisticated systems make use of cutting- edge
technologies like automation, robotics, computer
vision, and machine learning to provide previously
unheard-of levels of accuracy, scalability, and
flexibility.

Moreover, multipurpose sorting systems are not
limited to classifying products according to
predetermined standards. They can make decisions in
real time due to their sophisticated algorithms and
sensory capabilities, which allow them to adapt to
changing environmental conditions, a variety of
product types, and different throughput rates. These
systems have proven to be effective in a variety of
industries, including manufacturing component
organization, produce sorting, and distribution center
sorting. As a result, supply chain management
techniques have been transformed.

Notwithstanding the apparent advantages of
multipurpose sorting systems, there are a number of
obstacles and factors to take into account before using

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1139



© May 2024 | IJIRT | Volume 10 Issue 12 | ISSN: 2349-6002

them. To properly exploit these technologies, firms
must manage a multitude of considerations, from
personnel implications and cost implications to
technology challenges and integration hurdles. In order
to aid in decision-making, this article also looks at the
practical aspects of putting multipurpose sorting
solutions into practice. It does this by providing case
studies, best practices, and emerging trends.

For stakeholders looking to harness the revolutionary
potential of multipurpose product sorting systems, this
research study essentially acts as a guide.

Through the explanation of the fundamental concepts,
dynamics of operation, and strategic consequences
related to these systems, it aims to support decision-
making, encourage creativity, and move industries
toward a future of unmatched productivity and
competitiveness.

1. LITERATURE REVIEW

The potential of multipurpose product sorting systems
to transform conventional sorting procedures in a
range of industries has led to an increase in interest in
these systems in recent years. The evolution, features,
and uses of these cutting-edge systems are highlighted
in this review of the literature, which offers a summary
of significant research and advancements in the area.
The potential of multipurpose

product sorting systems to transform conventional
sorting procedures in a range of industries has led to
an increase in interest in these systems in recent
years. The evolution, features, and uses of these
cutting-edge systems are highlighted in this review of
the literature, which offers a summary of significant
research and advancements in the area.

1. Evolution of sorting Technologies:

In sectors ranging from manufacturing to logistics,
conventional sorting techniques like hand sorting and
simple conveyor- based systems have long been the
standard. Nonetheless, the shortcomings of these
techniques with regard to speed, accuracy, and
flexibility have prompted the creation of more
advanced sorting systems. The first developments
were automated sorting systems that used RFID and
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barcode scanning; these systems increased
productivity but were still limited by their static
nature and dependence on pre-established
standards.

2. Technological Advancements:

A new generation of multipurpose sorting systems
capable of dynamic and intelligent sorting activities
has been brought about by the development of
machine learning, computer vision, and robotics.
These systems improve sorting accuracy and
flexibility by using sophisticated algorithms to
evaluate visual input, identify trends, and make
judgments in real time. Convolutional neural networks
(CNNs), for instance, have been used to classify
things according to their visual properties, making it
possible to accurately identify and sort a variety of
product types.

3. Usesinindustries:

Numerous industries, each with its own set of
requirements and difficulties, use multipurpose
product sorting systems. These systems are essential
to the automation of package sorting and distribution,
processing time reduction, and delivery route
optimization in logistics and e-commerce. They help
in fruit, vegetable, and grain sorting in the food and
agriculture industries according to size, maturity, and
quality, which reduces waste and guarantees product
consistency.

Similar to this, in factory settings, multipurpose
sorting systems ensure proper component placement
and categorize, streamlining the assembly process and
improving production efficiency and quality.

4. Challenges and considerations:

Adopting multipurpose product sorting systems has
many benefits, but there are also drawbacks and things
to think about. Organizations face implementation
challenges due to technical difficulties such
compatibility with a variety of product types and
interaction with current infrastructure. Furthermore,
some firms can be discouraged from implementing
this technology due to the upfront costs associated
with adopting these systems and the continuous
maintenance requirements.
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To ensure appropriate implementation and use of these
systems, questions about data security, privacy, and
the ethical implications of automation should also be
carefully considered.

5. Future Decisions and Opportunities:

Multipurpose product sorting systems are expected to
continue to evolve and innovate in the future. It is
anticipated that developments in robotics, Al
algorithms, and sensor technologies will further
augment these systems' capacities, allowing them to
manage progressively intricate sorting assignments
with greater precision and efficiency. Furthermore, the
combination of cloud computing services with loT
devices promises to build networked sorting
ecosystems that can communicate data seamlessly
and do predictive analytics, which will improve

Operational workflows and decision- making.
Il. METHODOLOGY

A research study on multipurpose product sorting
systems' methodology part describes the methods used to
Create, put into use, and assess the system. It includes a
number of things, including algorithm creation, data
collection, system design, and performance
assessment. An illustration of the possible format for
the methodology section is shown below.

a. System Design:

The basic approach to model the conveyor belt is to
build up the belt by systematically arranging discrete
particles and connecting them together to a particle
mesh with so called bindings. Belt properties can be
defined on the one hand via the particle parameters and
on the other hand via the bonding parameters.

Hardware Components:

e Johnson Gear Motor 60rpm- It is a simple DC
motor featuring metal gearbox for driving the shaft
of the motor, so it is a mechanically commutated
electric motor which is powered from DC supply.
The Johnson Geared Motors are known for their
compact size and massive torque-speed
characteristic. The motor will run smoothly
between the voltage range 6 to 18 V DC and give
you 60 RPM at 12V supply. It provides a torque of
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15.2 kg-cm at 60 RPM

Inductive Proximity Sensor - An inductive
proximity sensor is a type of sensor used to detect
the presence or absence of an object based on
changes in inductance. These sensors are
commonly used in industrial automation and
manufacturing processes for applications such as
object detection, position sensing, and metal
detection

Linear Actuator- A linear actuator is a device or
mechanism that converts rotary motion (typically
provided by an electric motor) into linear motion.
This linear motion is used to move or control a load
in a straight line.

12v Push-Pull type DC solenoid- A 12V push-pull
type DC solenoid is an electromagnetic device that
converts electrical energy into linear mechanical
motion. This type of solenoid is designed to
operate on a 12-volt DC power supply. The "push-
pull* designation indicates that the solenoid is
capable of both pushing and pulling a plunger or
rod when energized and de-energized.

Belt Conveyors: Structure: Consists of a
continuous belt made of various materials (such as
rubber, PVC, or metal) that rotates around pulleys.
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Integration Plan: The objective of this integration plan
is to outline the steps and processes involved in
The second belt sorts the building a multipurpose product sorting system using
colour (black or white) and Programmable Logic Controllers (PLCs) for efficient
sends it to respective belts. .
and accurate sorting of products.

Determining the types of products to be sorted,

the 3rd and 4th conveyor sorting criteria (e.g., size, weight, colour).
belts move the products to

the stamping units. A .
Designing the mechanical structure, conveyor

systems, sensors, actuators, and PLC hardware
necessary for the sorting system.

1) Architecture for Software
Designing an automated conveyor belt system using
Programmable Logic Controllers (PLCs) involves

1) Data Collectionand code development:

several components and considerations. PLCs are * Developing PLC programs to control the operation
commonly used in industrial automation for their of the sorting system.
reliability and flexibility e Implementing logic for product detection using

sensors (e.g., proximity sensors, colour sensors).

e Writing code for actuator control to divert products
to the appropriate sorting belts based on predefined
criteria.

2) Algorithm Development

Labelling and annotation: Conducting comprehensive
testing of the integrated sorting system. Verifying the
functionality under normal operating conditions.
Performing system debugging and optimization to
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enhance performance and accuracy. Obtaining
feedback from mentors.

Instruction and Verification: Conducting post-
implementation review to evaluate the success of the
integration process. ldentifying areas for improvement
and implement necessary changes to enhance system
efficiency and reliability.

A) Algorithm Development:

Looking at the concept of feature extraction in the
context of product sorting using PLC. Discussing
various features extracted from products for effective
sorting like colour material and sizes. Testing different
methodologies and algorithms used for feature
extraction. Using colour sensors and inductive sensors
for analysis for identifying different surface
characteristics. Figuring out the advantages and
limitations of each method.

Proximity Sensor
(Objects Detection)
Objects E—.
T Proximity Sensor
(Box Detection)
3
d
Motor 1
Box Box
Conveyor Belt 1
@
Conveyor Belt 2 stumeetatonTocls com

B) Performance Evaluation

The multipurpose  product sorting  system's
performance was assessed through an experimental
setting that is described in detail. Describe the
parameters, including the sorting scenarios,
performance indicators, and sources of input data.

Provide the quantitative analysis's findings, including
throughput, accuracy, speed, and error rate
measurements for sorting. Measure the developed
system's performance against industry standard
procedures or current commercial offerings.

Using user comments, observations, and real-world
deployment situations, qualitative assessment will
provide qualitative insights into the sorting system's
robustness, usability, and dependability.

CONCLUSION

The introduction of multifunctional product sorting
systems represents a revolutionary turning point in the
fields of logistics and industrial automation. We have
examined the development, features, uses, and
consequences of these cutting- edge systems in this
research article, highlighting their potential to
completely transform sorting procedures in a variety of
industries.

With the use of cutting-edge technology like robots,
computer vision, and machine learning, multipurpose
sorting systems can achieve previously unheard-of
levels of precision, flexibility, and adaptability. They
have proven to be effective in logistics, manufacturing,
and agriculture, among other fields, by automating sorting
procedures, maximizing resource use, and boosting
operational efficiency.
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These systems are capable of precisely and nimbly
handling difficult sorting jobs because of the integration
of cognitive algorithms, sensory capabilities, and real-
time  decision-making  mechanisms.  Sorting
agricultural produce according to quality and ripeness,
classifying packages at distribution centers, or
arranging manufacturing components for assembly are
just a few examples of the several applications where
multipurpose sorting systems have demonstrated their
adaptability and dependability.

Adoption of multipurpose product sorting systems is not
without difficulties, though, as factors need to be taken into
account.

Organizations looking to use these technologies may
face challenges due to their technical complexity,
integration challenges, and financial repercussions.
Furthermore, the ethical, privacy, and data security
aspects of automation call for cautious consideration
and the responsible application of these technologies.

Multipurpose product sorting systems are expected to
continue to evolve and innovate in the future. These
systems' capabilities could be further enhanced by
developments in robotics, Al algorithms, and sensor
technologies, which would allow them to do more
complicated sorting jobs more accurately and
efficiently. Furthermore, there are chances to establish
networked sorting ecosystems with predictive analytics
and smooth data transmission with the integration of
10T devices and cloud computing technologies.

Multipurpose product sorting systems are expected to
continue to evolve and innovate in the future. These
systems' capabilities could be further enhanced by
developments in robotics, Al algorithms, and sensor
technologies, which would allow them to do more
complicated sorting jobs more accurately and
efficiently. Furthermore, there are chances to establish
networked sorting ecosystems with predictive analytics
and smooth data transmission with the integration of
10T devices and cloud computing technologies.

To sum up, multipurpose product sorting systems offer
previously unheard-of levels of efficiency, accuracy, and
intelligence, and they mark a paradigm leap in sorting
technologies. Industries can improve operational
workflows, expedite sorting procedures, and obtain a
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competitive edge in the fast-paced future market by
utilizing these technologies. We're paving the way for a
future in product handling and logistics management
that is marked by increased efficiency, sustainability,
and innovation as we investigate and utilize the
possibilities of multipurpose sorting technologies.
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