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ABSTRACT

Waste segregation is an essential process in managing and reducing waste. With the increasing amount
of waste generated globally, there is a need for efficient and automated waste segregation techniques
to reduce the burden on environment. Computer vision technology has shown greater potential in
waste segregation, as it can automate the process, increase accuracy, and reduce human error. Computer
vision-based waste segregation uses videos of waste and computer algorithms to detect and classify
different types of waste materials. The system uses machine learning techniques to train and recognize
various categories of waste, including metal, plastic, e-waste, paper, and glass waste. The algorithm
identifies and classifies the waste materials based on colour, texture, shape, and other visual cues. This
approach has several advantages over traditional waste segregation techniques including faster
processing time, reduced labour cost, and increased accuracy in identifying and classifying waste
materials. It also reduces the chances of human error and ensure that the waste is sorted correctly,
which can ultimately lead to improved waste management practices and a cleaner environment. This is
a promising technique that helps to reduce pollution due to waste disposal and create a sustainable

environment.
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1  Introduction

Automated waste segregation using machine learning is a technology that uses advanced algorithms to sort and
separate waste materials based on their physical characteristics. This technology enables the efficient and accurate
segregation of waste, which lowers the quantity of waste that is dumped in landfills and promotes recycling.

The process of automated waste segregation begins with the use of sensors, cameras, and other hardware devices.
The images of wastes are captured in real time and Convolutional Neural Network algorithm is used to classify the
wastes into various categories. These images are then processed by machine learning algorithms that analyse the
characteristics of the material, such as, shape and texture. Based on this analysis, the algorithms determine the category
of waste material and sort it into appropriate groups, namely plastic, glass, metal, paper, and e-waste. The segregated
wastes are then deposited into respective bins using servo motors that are actuated by a NodeMCU microcontroller.
Automated waste segregation technology offers several benefits. Primarily, it aids in lowering the volume of trash
dumped in landfills, which in turn lowers the environmental impact of garbage disposal. Additionally, this technology
can increase the efficiency of waste management processes by reducing the time and labour required for manual
sorting. It can also help to improve recycling rates by ensuting that matetials are propetly sorted and sent to recycling
facilities.

2  Work Retrospective

Automated waste segregation using machine learning is a rapidly growing field, but there are some research gaps that
need to be addressed.
Despite the presence of numerous industrial waste segregators, it is always preferable to separate the trash at the source.

The benefit of using this method of segregation is that rag pickers are not required to separate the waste [1].
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One of the major challenges in developing machine learning models for automated waste segregation is the lack of
large- scale, diverse, and labelled datasets. Most of the existing datasets are small, limited in scope, and may not reflect
real-wotld scenarios. Collecting and annotating large-scale datasets that capture the vatiability of waste composition
and environmental conditions can help improve the accuracy and generalizability of machine learning models. Data
augmentation techniques such as scaling, moving, and enlarging of images can be applied to further improve variation
of the images [2].

Wiaste segregation involves identifying and categorizing different types of waste into multiple classes, such as plastics,
metals, paper, e-waste, and glass [3]. Classification is performed based on the features that are derived from the contour.
Real-time photos are taken directly from the camera and processed using OpenCV tools before being used to create
a model using computer vision [4]. Multi-class classification is a complex problem that requires sophisticated
algotithms and architectures. There is a need for research that explores novel approaches to multi-class classification
in the context of waste segregation.

Microcontrollers such as NodeMCU are used to control the dumping of wastes into respective bins. Dc/ac servo
motors are used to drop the waste in their respective compartments automatically, according to the signal from
microcontroller. Ultrasonic sensor can be utilised to determine how full the bin is [5].

While machine learning models for automated waste segregation can help reduce the human effort and error in waste
management, their environmental impact needs to be evaluated. The energy consumption and carbon footprint of
waste segregation systems need to be quantified and compared with manual methods. Moreover, the potential risks
and unintended consequences of machine learning-based waste segregation, such as misclassifying hazardous waste,

need to be investigated.
3  Methodology

The segregation of wastes using machine learning involves the following processes:
3.1 Dataset Creation

The dataset contains images of wastes categotised into four folders comptising of glass, papet, e-waste, and plastic
wastes. The images were captured using the ESP32 camera module and different angles and lighting scenarios were
taken into consideration while creating the dataset. Data diversity is ensured by taking pictures of different varieties of
wastes belonging to the four categories. This helps the model to be robust and generalize to new data. The dataset is
also a balanced one with equal number of samples belonging to each category. In order to improve the quantity and
diversity of the dataset, various data augmentation techniques like flipping and rotating the images are also used.

3.2 Preprocessing

Data preprocessing helps to convert the initial dataset into a format that is best suited for a machine learning model
to process. Preprocessing of data involves several steps such as cleaning, normalisation, and feature extraction. The
vatious preprocessing techniques used include canny edge detection, histogram equalisation, median blur and resizing;
By pre- processing the data, we generate two pickle files, one storing the features of the data and the second storing
the labels of the data.

3.3 Training the Model

The model is trained using the Convolutional Neural Net- work algorithm. A max pooling layer is added after the
model’s three convolutional layers of increasing depth to lower the output’s dimensionality. The output of the
convolutional layers is converted into a one-dimensional vector, that is fed into two dense layers that are completely
linked. The probability that the input image belongs to each of the four classes is output by four neurons in the output
layer, which has a softmax activation function. ” Adam” optimizer is used to compile the model with “’sparse categorical
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crossentropy” as the loss function. ”Accuracy” is used as the evaluation metric. The model is trained by setting the
validation split parameter as 0.2, indicating that 20 percent of the training data will be used for validation.

3.4 Data Prediction

Ultrasonic sensor detects presence of waste in the container by calculating the variation in distance. To identify metal
waste, an inductive proximity sensor is utilised. If the detected waste is not metal, then the real-time image of the waste
is captured using ESP32 camera and is pre-processed using the same techniques used for preprocessing the dataset.
The pre-processed real-time image is passed into the trained model which predicts the category of waste and assigns
the corresponding label to it.

3.5 Waste Segregation

The predicted data is sent to the NodeMCU which controls the hardware components. For each category of waste,
the NodeMCU is programmed to rotate the servo motors in a specified direction corresponding to their respective
bins. Of the two motors, one is used for dumping the waste and the other for turning the container in the direction
corresponding to the type of waste.

4  Results and Discussions

A dataset containing photos of the four waste categories such as plastic, e-waste, paper and glass has been developed.
The pre-processed dataset is subsequently trained using the Convolutional Neural Network (CNN) algorithm, which

results in the creation of a classifier model file. The accuracy for various training parameters is shown in Table 1.

Table 1: Accuracy & Training Parameters

[Epochs Batch size \Validation split |Accuracy
10 16 0.2 78%
15 16 0.2 87%
20 32 0.2 82%
50 32 0.2 60%

The trained model is able to predict the category of wastes with a best accuracy level of 87% for an epoch of 15 with
a batch size of 16 and validation split 0.2.
The accuracy and loss for training and validation are depicted in Figures 1 and 2, respectively.
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Figure 1: Training and validation accuracy
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Figure 2: Training and validation loss
The developed system model is able to categorise the wastes into five categories, consisting of metal, plastic, e-waste,
paper, and glass. However, the system fails to accurately predictimages on a background that is different from the one
in which it was trained. The accuracy of the system can be improved by expanding the dataset with more diverse
pictures of various types of wastes captured in different backgrounds. Future developments can be made to

incorporate more categories of wastes in the system.
5 Conclusion

Wiaste management is an ever growing crisis in our present wotld and proper waste segregation is the foremost step
in efficient handling of wastes. Automated Waste Segregation using Machine learning offers an apt solution to this
crisis. Using machine learning algorithms, wastes can be segregated into various categories which makes their further
processing easier. Automated segregation reduces the time and labour required in manual segregation. It also helps in
preventing the risk caused by contact of toxic wastes. It makes the recycling of wastes easier and more efficient, thereby
reducing the amount of wastes dumped in landfills and water bodies. Thus, this system aids in reducing the

environmental impact caused by wastes and promotes a cleaner environment.
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