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Abstract

One of the main factors contributing to global pollution, which is increasingly becoming a serious
health concern, is the growing amount of trash in our cities. Furthermore, the continuous exposure
of garbage collectors to solid waste can result in health issues and labor scarcity. We provide a novel
solution to these problems: an autonomous trash collector that can go around and look for rubbish.
Trash is collected by the automatic garbage collector and placed in a specified container. Garbage
can be picked up and moved to the container by the manipulator arm fitted on the collector. To avoid
impediments, the manipulator arm can move by means of a vehicle. Moreover, the collector's camera
recognizes trash when it is in front of it, enabling the manipulator arm to remove it. The suggested
system locates and gathers trash in a region using sensors and a camera. While the camera is used
to determine the sort of rubbish and its position, the sensors are utilized to detect its existence. When
the trash is recognized, the manipulator arm goes over to pick it up. After that, the gathered trash
is kept in the designated receptacle, which can be routinely cleaned and emptied. This robotic
trash collector is an inventive way to lessen the pollution in our towns. Additionally, it can lessen
garbage collectors' exposure to solid waste, which can result in fewer health issues and provide a
safer working environment.
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INTRODUCTION

For the glass industry, garbage sorting is an essential step that is critical to waste management and
sustainable glass manufacturing. Glass makers may minimize their environmental impact and lessen
their reliance on virgin raw materials by efficiently sorting and separating glass trash from other types
of garbage [1].

Following is a summary of the importance of waste sorting for the glass industry:

e Lower usage of raw materials: Soda ash,
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e Garbage reduction and landfill diversion: Improperly sorted glass garbage frequently finds its
way into landfills, where it takes up valuable space and pollutes the environment [4].

o Lowering the expense of waste collection and transportation, as well as the risks to human health
and labor involved in manual sorting.

e Improving cleanliness and sustainability of the environment [5].

OBJECTIVE
Primary Objective

The objective is to create and execute a sophisticated trash sorting system that is customized for the
glass sector. This will be achieved by utilizing cutting-edge technology and intelligent algorithms to
improve resource efficiency, sustainability, and efficiency in glass waste management procedures.

Secondary Objective

To assess the viability and economic impact of integrating the novel waste sorting system into small-
to medium-sized glass production plants, with an emphasis on practicality and scalability for broad
implementation.

BLOCK DIAGRAM
Block diagram of the garbage sorter robot is shown in Figure 1.

METHODOLOGY
System Components
Sensors

e Camera: A camera takes pictures of trash in order to identify it. USB webcams, Raspberry Pi
camera modules, and low-power camera modules are available options [6].

e (Optional) Extra sensors, such as weight or ultrasonic ones, could supply further information for
sorting choices.

e Microcontroller: This is the "brain™ of the robot; it processes sensor input and uses pre-
programmed logic or image recognition results to operate actuators. Popular choices are the
Raspberry Pi, Arduino Pro Mega, and Arduino UNO [7].
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Figure 1. Block diagram of garbage sorter robot.
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Actuators
e Servo Motors: These control the gripper and arm of the robot precisely to manipulate and sort
objects. Plastic gear servos (SG90 series) are ideal for lighter materials, whereas metal gear
servos (MG90 series) are appropriate for larger objects.
e Sorting Mechanism: A system divides gathered items into predetermined groups (e.g., bins,
conveyor belts). Depending on the design, this could be mechanical or use air pressure.

Communication Modules (Optional)
o Wi-Fi or Bluetooth: Enables remote control and data transmission to a cloud platform for
monitoring and analysis.

System Workflow
e Waste Detection: The robot takes pictures of trash as it is disposed of using its camera.

Image Recognition
e Todetermine the kind of waste (paper, metal, plastic, etc.), image recognition software examines
the photos that have been taken.
e Alternatively, for less complex waste categories, pre-programmed sorting logic based on sensor
data (weight, size) might be applied [8].
e Sorting Decision: The actuators receive commands from the microcontroller based on the
substance that has been recognized.

Sorting Action
e The gripper is used by the robot's arm, which is moved by servo motors, to pick up the trash.
o The garbage is sent to the proper bin by the sorting mechanism, which is triggered by the
microcontroller.

Data Transmission (Optional)
o Data (such as trash kind and bin fill levels) can be sent by Bluetooth or WiFi modules to a cloud
platform for tracking and analysis [9].

Additional Considerations
e Device Firmware: The microcontroller's software is in charge of gathering sensor data, directing
actuators, and maybe establishing communication with the cloud.
o Cloud Platform (Optional): This tracks recycling rates, spots trends, and enhances image
recognition algorithms by storing and analyzing data gathered from the robots.
e Mobile App (Optional): This gives users access to a user interface for tracking bin fullness, robot
status, and possibly even remote sorting operation control.

HARDWARE SELECTION
e Microcontroller: The decision is based on project complexity and processing requirements.
While Raspberry Pi offers more processing power for advanced features, Arduino UNO is an
excellent starting point for newcomers.
e Camera: Choose a camera according to your needs for image quality, resolution, and power

usage.
e Servo Motors: Select motors that are suitable for the robot's intended handling weight and object
size.
Hardware 1

ESP8266: ESP8266 model is shown in Figure 2.
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ESP8266 SPECIFICATIONS

Operating voltage: 3.3V

Input voltage: 7-12 V.

Digital 1/0 pins (DIO): 16

Analog input pins (ADC): 1

UARTS (universal asynchronous receiver/transmitter): 1
SPIs (serial peripheral interfaces): 1
12Cs (inter-integrated circuits): 1
Memory: 4 MB

SRAM: 64 KB

Clock speed: 80 MHz

Raspberry Pi 4 B: Raspberry Pi 4 B model is shown in Figure 3.

Specifications
e Operating voltage: Typically powered by 5 V via USB-C
Input voltage: Typically, 5 V via USB-C, but can handle a range from 4.75 to 5.25 V
Digital 1/0O pins (GPIO): 40
Analog input pins: None built-in but can be added with external ADC modules.
UARTSs: 2 (mini UART and PL011 UART)
SPIs: 2
12Cs: 2
Memory: 2 GB
Storage: MicroSD card slot for storage
Clock speed: 1.5 GHz (1.5 billion cycles per second) quad-core 64-bit ARM Cortex-A72 CPU

This Photo by Unknown Author is licensed under CC BY-SA
Figure 3. Raspberry Pi 4 B model.
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Camera Module
The camera module model is shown in Figure 4.

Specifications

o Resolution: Depends on the model (commonly 8 MP for the standard V2 camera module)

e Frame rate: Up to 30 frames per second (fps) at maximum resolution [10].

e Connection: CSI (camera serial interface) ribbon cable connected directly to the Raspberry Pi's
CSl port

e Dimensions: Vary based on the module (the V2 camera module is roughly 25 mm by 20 mm by
9 mm).

e  Compatibility: Works with all Raspberry Pi models with a CSI connector (e.g., Raspberry Pi 4B,
Raspberry Pi 3B+, etc.). Lens: Fixed-focus or adjustable-focus lens options available

o Extra features: Certain modules might have features like night vision infrared (IR) or NoIR (no
infrared) for particular uses.

Servo Motor
Model of servo motor is shown in Figure 5.

Specifications

e 3 pole ferrite, all nylon gear
Top ball bearing
Operating voltage: 4.8-6.0 V
Operating speed: 0.12 s/60 degrees
Output torque: 1.6 kg/cm 4.8 V
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Figure 4. Camera module.
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Figure 5. Model of servo motor.
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BLYNK

Blynk is a well-liked and adaptable platform for creating mobile and internet of things (loT)
applications. It offers a simple and intuitive method for developing unique apps for managing and
keeping an eye on I0T devices. Blynk is renowned for being easy to use, adaptable, and compatible
with a variety of hardware platforms. Blynk App window is shown in Figure 6.

Key Features

Drag-and-drop app builder
Wide hardware compatibility
Cloud connectivity

Security

Visual Studio Code — For Programming the Entire Project

Writing code and uploading it on the board is made simple with the Visual Studio (VS) code editor.
Any Raspberry Pi can be used with this program, which is written in Python. Coding window is shown
in Figure 7.

RESULTS

Cutting-edge technology is used by innovative garbage sorting solutions for the glass industry to
improve sustainability standards and expedite waste management procedures in glass manufacturing
plants. These technologies transform the sorting and recycling of glass waste by combining loT-enabled
sensors with intelligent sorting algorithms. They provide the following advantages.

Improved Sorting Accuracy

Using advanced sensor technology, various types of glass trash are reliably identified and sorted
according to factors including color and composition. This accuracy guarantees effective glass material
separation, enhancing the recycling procedure.

Enhanced Efficiency
Cutting out the human work needed for trash management, innovative solutions automate the sorting
process. For businesses that make glass, this increase in efficiency means lower costs and more output.

Enhanced Sustainability

By increasing the recycling rate of glass trash, the use of efficient waste sorting technologies
enhances environmental sustainability. These methods aid in the preservation of natural resources and
the decrease of carbon emissions by redirecting glass from landfills to recycling plants.

: =], No laptop required
Blynk Server Piop red

Blynkapp O = Blynk Libraries

Internet Access of your choice
Ethernet, Wi-Fi, 3G..

e

Figure 6. Blynk app.
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Figure 8. Two-dimensional model of garbage solution model.

Real-Time Reporting and Monitoring

10T connectivity makes it possible to monitor waste sorting processes in real-time, which offers
insightful data on recycling rates, sorting efficiency, and waste generation patterns. Businesses may
optimize their waste management strategies by making data-driven decisions with the help of
comprehensive analytics and reporting tools.

Compliance and Regulatory Compliance

Glass producers can guarantee adherence to sustainability guidelines and environmental laws by
putting into practice cutting-edge waste sorting systems. Complying with regulations shows a
dedication to social responsibility and environmental care, which improves the company's reputation
and brand image.

In general, innovative garbage sorting solutions for the glass industry mark a substantial advancement
toward the realization of a circular economy model, which reduces waste, maximizes resource
utilization, and lessens environmental effect. These solutions help glass makers manage sustainability
issues while fostering operational excellence and competitive advantage through technology-driven
innovation. A two-dimensional model of garbage solution model is shown in Figure 8.

CONCLUSION

In conclusion, especially in light of the glass sector, the creation of a robotic waste management
assistant is a substantial step toward a greener and more sustainable future. The potential of automation
to transform waste sorting procedures is embodied by this prototype, which combines a manipulator
arm with a mobile base that can avoid obstacles.

Like every creative endeavor, there are certain aspects that may be improved. Improving the object
recognition method is clearly the main priority, requiring the use of more advanced image recognition
technology to reduce object detection mistakes. To further maximize efficiency and dependability, the
robot's arm movements must be improved for precision gripping, and its trash collection capacity must
be increased.

In the long run, the glass industry stands to gain much from the idea of sorting waste through the use
of 10T technology. The implementation of automation in sorting processes can yield notable advantages,
including decreased labor expenses, elevated recycling rates, and less environmental effect. The
potential of loT-based garbage sorting systems to transform waste management procedures is immense,
even if they are still in the early stages of development.
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To sum up, the glass industry's search for creative waste sorting solutions demonstrates a dedication
to efficiency and sustainability. Adopting these solutions promises to bring in a cleaner, more
environmentally conscious era for waste management in the glass industry as technological
breakthroughs continue to emerge.
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