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Abstract: Efficient sorting of metal and non-metal materials is a critical requirement in industries such as recycling,
packaging, and manufacturing. Manual sorting methods are time-consuming, labor-intensive, and prone to errors,
which reduces productivity and compromises safety. To address these challenges, this paper presents a
microcontroller-based automated conveyor belt system designed for real-time segregation of metallic and non-
metallic objects. The system integrates sensors with a microcontroller to detect material properties, enabling precise
and automatic sorting while minimizing human intervention. A comprehensive literature survey reveals that
although previous research has explored vision-based sorting, electrostatic separation, and automated systems, many
are limited by high costs, environmental sensitivity, or lack of adaptability. This research addresses these gaps by
demonstrating a practical and efficient system capable of improving sorting accuracy, reducing operational costs,
and enhancing workplace safety. The proposed model provides a foundation for future advancements, including
integration with IoT and artificial intelligence for smarter industrial automation and sustainable waste management.
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I. INTRODUCTION

In the modern industrial era, automation has become a necessity rather than a choice, especially in areas where
speed, accuracy, and safety are of paramount importance. One such critical operation is the sorting of metallic and
non-metallic materials in manufacturing, recycling, packaging, and logistics industries. Material segregation has
traditionally been performed manually, where workers are assigned to pick and separate objects based on their type.
While this method has been in practice for decades, it presents several limitations in today’s fast-paced production
and waste management environments. Manual sorting is time-consuming, inefficient, prone to human errors, and
unsafe when handling sharp or hazardous objects. This leads to significant bottlenecks in the production cycle and
increases operational costs.

The real-time industrial challenge lies in efficiently handling large volumes of mixed materials while maintaining
precision and speed. In industries such as scrap processing, it is vital to distinguish metallic items like aluminum,
copper, or steel from non-metallic materials such as plastics, paper, and glass. The effectiveness of recycling
processes directly depends on the accurate classification of these items. Failure to separate metals properly not only
reduces recycling efficiency but also results in substantial economic losses. Similarly, in food and pharmaceutical
industries, even a small metallic contaminant can lead to serious health hazards, product recalls, and financial
penalties. Hence, reliable sorting solutions are critical to ensuring both safety and quality control.

In the logistics and packaging sector, conveyor-based sorting systems play an essential role in parcel distribution
centers where thousands of items need to be sorted every hour. Any error or delay in segregation leads to delivery
failures and loss of customer trust. The same problem exists in the mining and material processing industries, where
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separating ores and minerals from unwanted materials directly impacts profitability. Therefore, across multiple
domains, the need for real-time automated sorting has become increasingly evident.

Current sorting methods rely on either manual labor or semi-automated systems with limited sensing capabilities.
Manual approaches are labor-intensive, while semi-automated systems often fail to achieve the required accuracy
when exposed to varying material sizes, shapes, and environmental conditions such as poor lighting or dust.
Although machine vision systems have shown promise in achieving high accuracy, they are computationally
expensive and require strict environmental control to function effectively. On the other hand, sensor-based systems
such as inductive, capacitive, or optical sensors provide reliable results in specific use cases, but they often lack
flexibility when applied to complex mixed material streams.

The challenge intensifies when industries demand continuous, real-time, and scalable solutions that can adapt to
different working conditions without frequent recalibration. Most existing systems are application-specific and are
not easily adaptable to broader industrial needs. This gap between industrial requirements and the capabilities of
current technologies is the primary motivation behind developing conveyor belt-based sorting systems that integrate
multiple sensing techniques, programmable logic controllers (PLCs), and artificial intelligence (Al)-driven decision-
making.

The concept of using conveyor belts for sorting is not new; however, advancements in automation, embedded
systems, and artificial intelligence have transformed their potential. By integrating metal detectors, inductive
sensors, machine vision, and real-time data processing, modern conveyor-based sorting systems can achieve
unprecedented levels of efficiency. These systems ensure that metal and non-metal items are classified rapidly,
accurately, and with minimal human involvement. Furthermore, the adoption of loT-based monitoring allows
industries to track sorting performance, predict maintenance requirements, and optimize operations for cost-
effectiveness.

Il. LITERATURE SURVEY

Several researchers have explored different approaches for developing automated sorting systems based on conveyor
mechanisms, sensors, and intelligent control strategies. Rafeeq et al. [1] demonstrated an Arduino-based segregation
system capable of sorting plastic, metal, and glass waste in scrap industries, providing a low-cost prototype but with
limited industrial scalability. Similarly, Moe Win Khaing et al. [11] and Kulkarni et al. [12] designed small-scale
automatic sorting and box sorting machines, proving the feasibility of microcontroller-based automation, though
their applicability to large-scale environments remains restricted. To enhance accuracy, Sakr et al. [2] applied
machine learning, comparing deep learning with support vector machines for autonomous waste sorting, concluding
that deep learning provides better classification performance, while Zhang et al. [4] presented a machine vision-
based high-speed sorting system that improved throughput in industrial environments. Vision-based systems have
also been applied by Lim JieShen and Irda Hassan [9], who developed a color sorting robot, and by Yunardi et al.
[10], who used contour-based object detection in an automatic parcel sorting system. However, vision approaches
generally suffer from challenges related to lighting conditions, computational requirements, and occlusion.
Complementary to these, Huang et al. [8] developed an optical sensor-based intelligent solid waste sorting system
that emphasized the role of non-visual sensors in achieving stable detection. On the industrial automation side, Smeu
[6] implemented conveyor belt driving and sorting control using a SIEMENS PLC, highlighting the robustness of
programmable logic controllers for industrial-scale deployment, while Ali and Mir-Nasiri [3] focused on designing
an automated pepper sorting machine, showing how similar principles extend to agricultural applications. Messal et
al. [5] advanced this domain further with a belt-type corona-electrostatic separator capable of differentiating
conductive and non-conductive micronized waste, providing an effective physical separation method widely applied
in recycling industries. Similarly, Kutila et al. [7] combined color vision with an inductive sensor array for scrap
metal sorting, showing that hybrid sensor approaches yield better classification accuracy than single-sensor systems.
Collectively, these works illustrate a wide variety of approaches—ranging from microcontroller-based low-cost
designs to machine vision and PLC-driven industrial automation. However, many of them remain application-
specific, either focusing on waste management, agriculture, or logistics, and they often lack flexibility for handling
multi-material streams in real-time. From this survey, three limitations are evident across existing systems. First,
while microcontroller-based prototypes are cost-effective and educationally valuable, they lack the scalability and
robustness required in heavy industrial use. Second, vision-based systems achieve high accuracy but are
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computationally expensive and environment-sensitive, limiting their performance under variable lighting or high-
speed conditions. Third, physical separation techniques such as corona-electrostatic or inductive sorting are powerful
but often restricted to particular material types and require costly setups. Moreover, few studies integrate these
technologies into hybrid designs that combine sensors, intelligent algorithms, and robust control mechanisms. This
creates a significant research gap in developing flexible, real-time, and scalable conveyor belt-based sorting systems

that can operate under diverse industrial conditions.

Author(s) Method / | Application L o
Ref. & Year Approach Domain Key Findings Limitations
Scrap
M. Rafeeq Arduino with mdugtry B Low-cost, S|mple Limited scalability,
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G. E. Sakr | Deep Autonomous D_eep Ie_arnlng Reguires large
. gives higher datasets,

[2] etal, learning vs. waste classification computationall

2016 SVM sorting compy y
accuracy intensive

M. H. Ali | Automated Demonstrated

& N. Mir- | pepper Agricultural . Narrow application,

[3] . , : non-metal sorting '
Nasiri, sorting sorting in aariculture not generalizable
2017 machine g
W. Zhang I\/_Ia_chlne . . Improved Sensitive to lighting,
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[4] etal., . . throughput with requires high
high-speed automation . !
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S. Messal | Corona- Recycling of Effectl\_/e Capital-intensive,
' . : separation of . .
[5] etal., electrostatic | micronized . restricted to fine
. conductive vs. 1
2017 separation waste . particles
non-conductive
G. A SIEMENS Industrial Robust PLC- .
PLC-based ) No advanced sensing
[6] Smeu, conveyor based sorting and .
conveyor . o for material type
2013 automation | driving control
control
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. ) Scrap metal | . ) .

[7] etal., + inductive sortin improves increases, limited
2006 sensor array g classification scalability
J.Huang | Optical : Intelligent sensing | Less effective for

Solid waste | . i

[8] etal., sensor-based management | IMProves mixed/complex
2010 sorting g reliability waste streams
Lim
JieShen & . . Simple and Limited to visual

Color sorting | Robotic . .

[9] Irda . effective color- features, no material

robot automation . .
Hassan, based sorting detection
2015
R.T. Contour- Parcel Efficient contour- | Not suitable for

[10] | Yunardi et | based object | sorting in based recognition | irregular/mixed
al., 2015 | detection logistics for boxes waste
M. W. Automatic General Demonstrated Prototype-level,

[11] | Khaing et | sorting industrial automatic multi- lacks industrial
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S. V. Conveyor- Demonstrated

Kulkarni Y Small-scale ; Restricted to specific
[12] based box . practical box . .

etal., . automation . size/shape items

2016 sorting sorting system

Research gap analysis

From the reviewed literature, it is evident that existing sorting systems address automation through microcontrollers,
vision-based approaches, PLC control, and physical separation methods. However, several gaps remain.
Microcontroller-based prototypes are low-cost but lack the robustness and scalability for industrial applications.
Vision-based techniques provide accuracy but are highly sensitive to lighting and computationally expensive,
limiting real-time deployment. PLC-driven systems ensure reliability but depend on simple sensors, restricting their
classification capabilities. Physical separation methods such as electrostatic or inductive sorting are effective but
material-specific and costly, making them less adaptable for mixed waste streams. A major gap lies in the lack of
integrated hybrid systems that combine sensor fusion, AI/ML-based decision-making, and robust PLC/IoT control
for real-time, large-scale operations. Future research should focus on developing flexible, scalable conveyor belt
systems that can sort multiple materials under realistic industrial conditions with high speed and accuracy.

111.CONCLUSION

The study highlights the importance of developing automated sorting systems to address the inefficiencies of manual
classification of metal and non-metal objects. EXisting research demonstrates progress using vision systems,
electrostatic separation, and basic automation techniques, but these solutions often face challenges in cost,
complexity, or limited adaptability. In this work, the focus is on a microcontroller-based conveyor belt system, which
provides a low-cost, flexible, and efficient solution for real-time material segregation. By integrating simple sensors
with microcontroller control, the system ensures accurate, continuous, and safe sorting without relying on complex
or expensive PLC architectures. This approach supports industrial needs by reducing human intervention, improving
speed, and promoting effective recycling. Future work can extend this system by incorporating loT-based monitoring
and Al for enhanced decision-making.
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