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Over the past few years, Internet of things (10T) has become one of the most important technologies of the
21st century. Nowadays, it is possible to connect different objects to the internet via embedded devices.
By means of this technology, physical objects can share and collect data with minimal human contribution.
In this inter-connected world, digital systems can record, monitor, and adjust each interaction between
connected things. The 10T technologies support smart cities initiatives around the world in order to
promote greener and safer urban environments, with cleaner air and water, and better public services
and mobility. Smart environment is an inseparable part of smart cities. In our environment, wastes are
objects that we put in the Bin. Waste management sorting and recycling are two central elements in the
fight against climate change. Existing solid waste management policies and methods are being challenged
by the exponential population expansion in urban areas. In fast-growing cities, where increasing garbage
output exceeds the capacity of current facilities, the issue becomes even more difficult. Waste avoidance,
recycling, reuse, and recovery are essential factors for reducing solid waste discharged in landfills,
particularly in rapidly increasing cities where more sustainable management techniques are required. In
smart home, effective household waste management is essential to building habitable cities however
remains a challenge for many developing countries and cities. In this context, as any other important
aspect of city management, a good waste disposal strategy plays a crucial role for making cities more
glamorous. In this paper, a novel approach for waste sorting is proposed. Baptized SPubBin (Smart Public
Bin), the presented solution is based on transfer learning, and uses, three CNNs models: VGG16,
Dense201 and Resnet50. In order to validate the proposed approach, we have developed a tool supporting
it.

Povzetek: Razvit je pametni javni smetnjak, ki zna klasificirati smeti na osnovi sistema globokega ucenja.

1 Introduction

Due to the rapid increase in population density in urban
areas, substructures and services have been needed to
supply the requirements of the citizens. Consequently,
there has been a remarkable growth of digital devices,
such as sensors, smart phones and smart appliances. Since
its arrival, the internet has experienced great development
in all areas; and has become almost a primary source of
information. The Internet of Things (IOT) relates to
installing sensors (RFID, IR, GPS, laser scanners, . . . etc.)
for everything, and connecting them to the Internet
through specific protocols for exchanging information and
communications. Many researchers are working on
projects to improve people’s daily lives, and make life and
smart cities, with connected objects and infrastructure.
This has become easier with the appearance of the 10T, the
most important technology of the 21st century [19].

Usually, the main form of online communication is
human-human. Nowadays, forms of communication are
expanded to human-thing, and it brought a new era of
computing and connectivity everywhere and changed
people's lives [1].

Smart City is one of the major applications of the
Internet of Things (IoT). A smart city can be created by
integrating two advantages: being equipped and
interconnected into its advanced stage of 10T development
[2]. New IoT’s applications enable Smart City initiatives
around the world, provide the ability to monitor, manage
and control devices remotely. Key features of the smart
city include a high degree of IT integration and a
comprehensive application of information resources. In
order to deal with several issues related to smart
applications, Algeria has installed a national strategy for
research and innovation on artificial intelligence (Al)
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scientific, this strategy aims, over the next few years, to
improve performance in a number of so-called priority
segments, such as higher education, health, environment,
transport, energy and technologies. It will also allow the
rapid execution of development programs and projects,
the emergence of an innovative working climate, support
for initiatives and increased productivity.

The said strategy aims to build a solid base in terms of
research, to apply the latest techniques of artificial
intelligence in various fields and to better exploit available
human and material resources. SPubBin (Smart Public
Bin) project [37, 38] is part of this global strategy of
innovation and digitization of various sectors, in particular
the environment sector, decided by the higher authorities
of the country and adopted by the ministry of higher
education and research scientific. In our traditional
environments, wastes are objects that we put in the Bin,
like, for example, bottles, cans, plastic bags, papers, and
vegetable peelings. Sometimes we find plastic bags or
other waste in water. It makes the water dirty and then we
cannot drink it anymore. To overcome this problem, it
would be very useful to make these environments smarts.
Smart environments are considered important parts of
smart cities. One of the problems that should be solved to
protect these environments is the sorting of waste. a)

At home, we have several Bins (generally each one
with a distinguished color), which must be sorted in order
to permit reusing some wastes. Although waste
management and recycling are two central elements in the
fight against climate change, having multiple bins and
good waste management can sometimes be complicated
by lack of time, money or knowledge. Therefore, to
protect our environment, fight pollution and economize
time, money or knowledge, it seems mandatory to think
about Smart bins, which allow the sorting and recycling of
wastes.

In the literature, several researches [24, 26, 27, 29, 34,
35, and 36] have been carried out as part of the
development of smart bins. Despite these approaches have
achieved good results in the context of wastes sorting, but,
firstly the high prices make the purchase operation very
difficult here in Algeria. So we will see how our SPubBin
can add a value in this domain compared to other ones,
and, help to reduce import costs.

In the second, all Smart Public Bin have some
development in the last years, but it still need to more
search and update, price side, design type of waste taken
into consideration, sorting, connectivity, recycling and we
hope that our work can add value in this domain in
Algeria. In order to contribute in the strategy adopted by
our Country, we have launched a project called SPubBin
[37, 38]. This later is made concrete by following a novel
approach for waste sorting based on transfer learning, and
uses, three CNNs models: VGG16, Dense201 and
Resnet50. The main objectives of the proposed approach
are essentially: (1) Develop an intelligent public bin based
on waste sorting. (2) Intelligent waste management using
10T techniques. (3) Intelligent waste classification using
(Al techniques (Deep learning). (4) Reduce import costs
(5) Eliminate unpleasant odors, insects and pathogenic
germs at the level of the trash. (6) Save effort and time by
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sorting at bin level and transferring waste directly to
recycling. For validation reasons, we have developed a
visual tool supporting the proposed approach. This tool is
a SmartPublic Bin (SPubBin) which composed of 2 parts:
Smart classification Part: (Deep learning waste part): the
main objective of this part is the sorting of waste into 6
classes, using deep learning and transfer learning
techniques. For this, we propose an algorithm able to
sorting (classification) different types of waste (Paper,
Glass, Metal, Plastic, Cardboard and Trash) with a high
accuracy; the proposed system is trained with the dataset
Trash-net [3]. To do this, we have used the transfer
learning technique based on CNN model; (VGG16,
Dense201, and Resnet50) and different tools for
implementation. We present the description of our
algorithm from loading the dataset to used functions then
how did we divided the “Trash-net dataset” before training
our models until we get the results of the accuracy, loss
and the confusion matrix then we will see if we could
achieve our aim which getting a +95% accuracy in waste
sorting or not, with 100 epochs

Waste collection part: after sorting, wastes are collected
into 6 Smart Trash Can (STC), which composed 2 parts
(logical and physical).

a. Logical part: A Mobile application to manage and
monitor a Smart Trash Can remotely in real time, the
concerned persons will be notified about the Smart Trash
Can status to achieve the removal of trash in a proper way.
b. Physical part: realization of a Smart Trash Can using
different devices, protocols and sensors: the ultrasonic
sensors is used to open and close the lid of the can
whenever the persons are nearby the Smart Trash Can and
measure the trash level and send notifications to the
mobile application users that it’s full and ready to be
emptied, the temperature and humidity sensors to measure
the humidity in the Smart Trash Can. They take the
resulting data from the external environment; the Smart
Trash Can values are stored in a database and monitored
by a mobile application.

The rest of this paper is organized as follows: In
Section 2, we give some definitions. Section3 presents the
related work. In Section 4, we present our SPubBin (Smart
Public Bin). The famous Smart Trash Cans in the market
are presented in section 5. Finally, we draw some
conclusions and give some future work directions.

2 Definitions

In this section, we will present definitions for all notions
related to the solution we propose; IOT, Smart
environment, deep learning and Transfer learning.

Internet of Things (IOT): The IoT is a digital revolution
that has never stopped developing; it affects nearly every
aspect of life, including economics, politics, and social
issues, and it is also a prerequisite for developing an
intelligent system and creating a so-called intelligent city.
According to [32], the core of the smart city
implementation is the Internet of Things (loT). Smart
cities must have three major characteristics: intelligence,
connectivity, and devices, all of which the Internet of



SPubBin: Smart Public Bin Based on Deep Learning Waste...

Things can deliver. It may be argued that the Internet of
Things (10T) [40] allows for the implementation of smart
cities. The Internet of Things enables the communication
of a wide range of systems and applications, by the use of
a wide range of sensors, including RFID, IR, and GPS,
connect  buildings, infrastructure, transportation,
networks, and utilities via ICT to perform various
activities such as information sharing.

Smart environment: A smart environment is an
interconnected tiny world in which sensor enabled
connected objects cooperate to make resident’s lives more
comfortable. The word smart means the capacity to obtain
and use information on one's own, and the term
environment relates to one's surroundings. As a result, a
smart environment is one that is capable of acquiring
knowledge and applying it to adapt to the requirements of
its residents in order to improve their experience of that
environment. Smart environment is a field of smart cities,
which is the response to the increasing pressure from
globalization as defined by Coe et al. [36].

Deep Learning: Deep learning is part of a broader family
of machine learning methods based on artificial neural
networks with representation learning. Learning can be
supervised, semi-supervised or unsupervised. Deep
learning architectures such as deep neural networks
(DNN), recurrent neural networks (RNN) and
convolutional neural networks (CNN) have been applied
to fields including computer vision, machine vision,
speech recognition [4]. Convolutional Neural Network
(CNN) (figure 1) is a type of artificial neural network. It
is a multilayer neural network that was biologically
inspired by the animal visual cortex [5]. The architecture
is particularly useful in image-processing applications as
well as recommendation systems. In particular, it is widely
used in the field of image analysis. CNN has the advantage
of using kernel filters and implements pooling. There are
a several types of CNN, we count the most used:
Dense201, VGG16 and ResNet.

Pool

Figure 1: CNN layer sample [5]

VGG-16. is a convolutional neural network model (figure
2) proposed by K. Simonyan and A. Zisserman from the
University of Oxford in [33]. The model achieves 92.7%
top-5 test accuracy in ImageNet, which is a dataset of over
14 million images belonging to 1000 classes. It was one of
the famous models submitted to ILSVRC-2014. It makes
the improvement over AlexNet by replacing large kernel-
sized. VGG16 was trained for weeks and was using
NVIDIA Titan Black GPU’s.
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ResNet. A residual neural network (ResNet) (figure 3) is
an artificial neural network (ANN) of a kind that builds on
constructs known from pyramidal cells in the cerebral
cortex released in December 2015. Typical ResNet
models are implemented with double - or triple layer skips
that contain  non-linearities (ReLU) and batch
normalization [6]. ResNet has a simple idea: feed the
output of two successive convolutional layers and also
bypass the input to the next layers

| weight layer

lrem

| weight layer

F(x)

identity

F(x) +x
Figure 3: ResNet architecture [6]

DenseNet. DenseNet (see figure4) is a network design in
which each layer is feed-forwardly linked to every other
layer (within each dense block). The feature maps of all
previous layers are considered as distinct inputs for each
layer, while its own feature maps are passed on as inputs
to all following levels. This connection pattern achieves
cutting-edge accuracy on CIFAR10/100 (with or without
data augmentation) and SVHN. DenseNet achieves equal
accuracy as ResNet on the large scale ILSVRC 2012
(ImageNet) dataset while utilizing less than half the
number of parameters and nearly half the number of
FLOPs. [ 35]

X lr,*ff e

Figure 4: A dense block with 5 layers and growth
rate 4 [35]

Transfer learning is a deep learning method that allows
reuse of broad models that have already been trained (for
example, to recognize images) in order to speed up the
creation of a model that matches your company's specific
demands. When it comes to developing an artificial
intelligence model, transfer learning eliminates the need
to start from zero. The developer identifies an existing
model that performs functions similar to the ones he
wishes to see achieved by the model he seeks to build.
According to [34], to increase learning in the target task,
we use knowledge from source models. A part from
allowing you to reuse previously created models, transfer
learning can help you learn the target job in the following
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ways: (1) Better initial model, (2) Higher learning rate, (3)
Higher accuracy after training and (4) Faster training.

3 Related works: Al-based approaches
for smart waste classification

Waste has become a big problem all over the world due to
uncontrolled disposal of household waste from citizen’s
homes and industries without an effective waste
management program that can lead to health risks and a
negative impact on the environment for this and every
time scientists try to do their best to obtain the best
solution for waste sorting. Some approaches depended on
machine learning (ML); others relied on deep learning
(DL) [8]. In the literature, several approaches have been
proposed based Machine Learning (ML), we cite among
others: The aim of this study [9], is to automate waste
sorting by using machine learning techniques to identify
the form of waste based solely on photographs. Deep
learning with convolution neural networks (CNN:
AlexNet) and support vector machines (SVM) are used as
learning algorithms. Using only a 256 x 256 colored .png
images of the waste, each algorithm generates a different
classification that divides waste into three key categories:
plastic, paper, and metal. On the test set, AlexNet was able
to achieve a classification accuracy of 83 percent, but
SVM out performed it with a score of 94.8 percent. In [10],
present an efficient framework for the above purpose that
separates waste into cardboard, glass, metal, waste, paper,
and plastic using supervised machine learning algorithms.
Initially, data is gathered and then augmented. The
algorithm converts the image sets in various directories to
gray scale before converting it to a 2D matrix. Following
that, the images are transformed and placed in a 1D array,
which is then used for labeling during testing. The edges
in the images are determined by sampling the input images
and then convolving them using CNN. The testing process
was completed with an efficiency of 80%. Mindy Yang
and Gary Thung [3] proposed an approach, which the aim
is to take a picture of a single waste of recycling or waste
and divide it into six categories: glass, paper, metal,
plastic, cardboard, and trash. They have created a dataset
of approximately 400-500 hand-collected images for each
class. They make this dataset available to the general
public. Support vector machines (SVM) with scale-
invariant feature transform (SIFT) features, as well as a
convolutional neural network, were used (CNN). Their
tests revealed that the SVM outperformed the CNN;
however, the CNN was not fully trained due to difficulties
in finding optimal hyper-parameters. Their classification
issue involves receiving photographs of a single item and
classifying it into a recycled material category in order to
imitate a stream of materials at a recycling plant or a
customer taking a picture of a material to identify it.
Images with a single object on a clean white background
are fed into their pipeline as data. Using a 70/30
training/testing data split, it achieved a test accuracy of 63
percent. The training error rate was 30%. In [11], proposed
an intelligent waste material classification system, which
is developed by using The 50-layer residual net pre-train
(ResNet-50) Convolutional Neural Network model, which
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is a machine learning tool and acts as the extractor, and the
Support Vector Machine (SVM), which is used to classify
the waste into different groups/types such as glass, metal,
paper, and plastic. The proposed framework is evaluated
on the waste image dataset created by Gary Thung and
Mindy Yang, and it achieves an accuracy of 87% on the
dataset.

For the approaches based Deep learning,
CenkBircanoglu and Al. [12] worked on well-known deep
convolutional neural network architectures in order to
have the most effective solution. Inception- Resnet,
Inception-v4 outperformed all others with 90 percent test
precision for training without any pre-trained weights.
DenseNet121 provided the best result with 95 percent test
accuracy for transfer learning and finetuning of weight
parameters using ImageNet. However, one drawback of
these networks is that their prediction time is slightly
longer. They changed the link patterns of the skip
connections within dense blocks to improve the model’s
prediction efficiency. Jobin Joseph and Al In [13] given
the large population in India, the mentioned scientists
proposed a system based on deep learning to be able to
sort waste to keep pace with the evolution of the
population. The proposed concept focuses on identifying
and classifying waste that is on the verge of being dumped
in a waste bin. Unsegregated waste is typically discarded
in a landfill and allowed to decompose, which can take
hundreds of years in the case of non-biodegradable waste,
and combining hazardous and unsafe wastes can destroy
land and water supplies. This project proposes an idea in
which a computer can recognize waste without the need
for human involvement based on a collection of datasets,
regardless of its shape or scale, and classify it. Their
proposed framework is self-learning and can therefore
continuously upgrade itself in the event of new materials.
The proposed system's benefits include easy
decomposition, fewer health risks, and a quicker method
that needs only a small initial investment and is fully
automated. Accuracy=83%. Bernardo S.Costa, and Al.
[14] proposed a computer vision approach to sorting trash
into recycling groups may be a time-saving waste
management solution. The aim of this project is to sort
waste images into four categories: glass, paper, metal, and
plastic. For each class, they use a waste image database
with about 400 images. Pre-trained VGG-16 (VGG16),
AlexNet, Support Vector Machine (SVM), K-Nearest
Neighbor (KNN), and Random Forest were the models
used in the experiments (RF). Experiments revealed that
their models had a 93 percent accuracy rate they suggest
an automated framework that aims to correctly separate
waste into recycling categories using a deep learning
approach and conventional techniques. Glass, metal,
paper, and plastic were all considered as trash categories.
The results show that VGG-16 methods are an effective
approach for this issue, with the best scenario achieving
93 percent accuracy. As we see above, a number of
classifiers were trained and tested based on ML and DL
techniques, using the Trashnet dataset and other datasets;
in tablel below, we find a comparative study, with ours
models and those related work, this comparison is based
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on some criteria’s: categories of waste, used dataset, used

model, model characteristics and test accuracy.
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Table 1.1: Comparison between our models and models cited in the related work

Critaria Categories of | Used Used model characteristics Test
waste dataset Model Accuracy
Number of | Form of Max
filters pooling
Approaches
Mahine [9] Plastic, paper, | FlickrMateri SVM 96 3*3 94.8%
Learning and metal al
classifier Database
(Trashnet) [ AlexNet 83%
[10] Cardboard, Inceptio 4 3*3 80%
glass, metal, Trashnet nResNet
waste, paper, V2
and plastic
[3] Glass, paper, Trash net SVM 11 5*5 63%
metal, plastic,
cardboard,
trash.
[11] glass, paper, SVM 50 3*3 87 %
metal, plastic, Trashnet
cardboard,
and trash
Deep [12] All types ImageNet DenseN 121 5*5 95%
learning et121/
Recycle
Net
[13] a waste image Mnist CNN 4 3*3 83%
database with (Trashnet)
about 400
images
[14] glass, paper, VGG-16 16 3*3 93%
metal, and Trashnet
plastic
Deep Resnet50 94.16%
'eam'fng VGG16 95.28%
&Z?]Sineé)t DenseNet201 95.59%

Discussion: According to table 1.1, approaches that use
machine learning models have realized scores that vary
between [63% [3], 94.8 [9]] on the Trashnet dataset using
the SVM model. The models based on deep learning (DL)
achieve a score that varies between 83% [13] on the Mnist
Trashnet dataset using a CNN models,

The model in [12] achieves a score of 95% for all
types of waste using transfer learning DenseNet121 on
ImageNet. Our models based on transfer learning have
achieved a score that varies between [94.16% with
Resnet50, 95.28% with Vggl6é and 95.59% with
DenseNet201) using Trashnet. Table 1.2 presents a
summary table that includes results of overviewed
research in the SOTA (State-Of-The-Art).

According to Tablel.l and Table 1.2, we can
conclude that the models based on Machine Learning
techniques have the lowest score compared to others based
on DL. While the approaches that use the DL with the
transfer learning have the highest score (95%). Therefore,
we have opted for this technique for our work, and the
Model based on DenseNet201 using Trashnet, has the
highest score for all existing Models (classifiers)
(95.59%).

Tablel.2 Summary table of the related works

SOTA Used Used Results
approaches Dataset Model (score):
Accurac
y
[9] FlickrMa SVM 94.80%
terial AlexNet 83%
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[10] Trashnet | InceptionR 80%
esNetV?2
[3] Trashnet SVM 63%
[11] Trashnet SVM 87%
[12] ImageNe | DenseNetl 95%
t 21/Recycle
Net
[13] Mnist CNN 83%
[14] Trashnet VGG-16 93%
Our M1 Trashnet | Resnet50 94.16%
Mo- M2 Trashnet VGG16 95.28%
dels M3 Trashnet | DenseNet2 | 95.59%
01
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4 SPubBin: Smart Public Bin based
on Deep learning waste
classification

In this section, we will present our solution based on 10T
and Al techniques. The aim of our contribution is a Smart
Public Bin based on deep learning waste classification
(SPubBin). It is composed of 2 parts: Smart classification
part and Waste collet part (See figure 5).

The process starts when the user put the waste on a
dynamic counter. The camera is attached to the

microcontroller linked to the Raspberry Pi board of the
proposed SPubBin and it is responsible for capturing
images of the Waste. Primarily, the system (SPubBin) will
be initialized and prepared for image acquisition. The
image and sends

camera captures an it to the

microcontroller.

Smart classification Part

= ‘
o | < -—
= [ e <
h - i (S

Classification Deep learning Algorithm

Microcontroller: Raspberry Pi3

=
= — 2
. | | =
o [ , o =
£ 5= 2
—— | < 3
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=

=

=

a

Figure 5: General architecture of SPUBBIN

After receiving the image, the microcontroller sends
the image to an already installed CNN algorithm (our
algorithm of classification based on DenseNet201), and
the algorithm makes a response about this picture.

The microcontroller uses the response of the CNN
algorithm to order the appropriate Smart Trash Can (STC)
servo motor to put the waste in the respective smart trash
can. When this latter becomes full or humid it sends
notifications to the authority to empty it. Therefore, this
waste will be taken directly for recycling. In the following,
we will detail, these parts.

4.1. Smart classification waste part

The main objective of this part is the sorting of waste,
using a Deep learning-based classification algorithm and
specific electronic components, as follow:

A Raspberry Pi V3 A camera : Raspberry

board:

Pi Nolr camera V2- Case

Aims to manage the sorting
module, on which the camera

Is intended to capture the
waste and sends the image

is connected and also the
classification algorithm is

installed

to the Raspberry Pi V3

In the following, we will present the used Dataset [3]
and the main steps of the proposed deep learning
classification algorithm (see figure 7), and we will present
all details of our algorithm, from loading dataset and train
it with 3 CNN Models: VGG16, Dense201 and Resnet50
(in order to choose the best model, to be installed into
Raspberry Pi V3), until the classification of the highest
possible number of wastes, which is our objective.
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4.1.1 Trashnet dataset

For this work, we are using a Trashnet dataset which was
created by Gary Thung and Mindy Yang [3]. Considered
as the most used dataset for the classification of Waste
(Table 2), the Trashnet dataset consists of 2527 images,
which is divided into six different classes (figure 6): 501
images for the type glass, 594 images for the type paper,
403 images for the type cardboard, 482 images for the type
plastic, 410 images for the type metal and 137 for the type
trash. The pictures were obtained by positioning the object
on a white poster board and using natural and/or artificial
light. The images were scaled to 512 x 384 pixels on Apple
iPhone 7 Plus, Apple iPhone 5S, and Apple iPhone SE
smartphones. The original dataset was 3.5GB in size,
while the shrunk version is 41.2 MB.

e ’ {,
&
Paper plastic Glass

Cardboard

Metal Trash

Figure 6: Samples of the images

In order to choose a dataset, we have performed a
comparison of the most used datasets for the classification
technique (see table 2).

According to Table 2, we can conclude that Trashnet is the
appropriate dataset for the classification. In another hand,
all datasets for classification represent the waste in
outdoor and background environment, but in our studies
we are interested in the indoor waste environment.

Table2. Most used Waste datasets [7]

Dataset Cla | image | instance | Type Environn-
sses | s s annota | ement
-tion
Open >10 | >100 | >100k Multi outdoor
litter 0 k labels
Trash- 6 2527 2527 labels indoor
Net
Waste 34 | 2363 23633 labels outdoor
pictures 3
Places 205 | 2.5M 2.5M labels | backgroun
d
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4.1.2. Algorithm steps

The proposed algorithm is based on transfer learning using
the "Trashnet" dataset and three CNNs (VGG16,
ResNet50 and Dense201) for selecting the model with the
high accuracy, to be installed into Raspberry Pi V3. The
model based on Dense201 gave us high accuracy 95.59%
for 100 epochs. For the implementation of our
classification algorithm, we have used the following
libraries: Python, Google Colaboratory, Fastai, Sklearn
library, Pandas package, Numpy package. The
characteristic of the used PC is: “Dell Inspiron 15-3521,
Intel (R) Core (TM) i5-3337U CPU 1.80 GHZ/ RAM 4.0.

Firstly, we have load the dataset: The result is a folder
on Drive named: “dataset”, containing 6 sub /folders with
2527 images, such us: [ ‘glass’, ‘paper’, *metal’, *plastic’,
>cardboard’, ’trash’]. For the Dataset pre-processing: All
images have been resized down to (128,128). In order to
augment the performances of the used dataset, we have
applied an augmentation operation.

After, to get a high accuracy for test, we choose to
divide our dataset on 3 folders namely: train 50%,
validation 25%, and test 25%. We train our Dataset on: the
train images and validation images, and we use the test
images for testing our models. In this step, we use some
helper functions. The result is a dataset splitted into 3
folders (train, valid, test), and each folder is splitted into 6
sub / folders: 'glass’, ‘paper’, 'metal’, 'plastic’, ‘cardboard’,
‘trash’. Afterwards, as quoted above, for the train of our
model we use the “Trashnet dataset”, and we execute the
following 3 CNN Models: VGG16, ResNet50, Dense201
and we import: error rate and accuracy.

After, defining the model training we can start the
execution for 100 epochs and batch size =16, for the 3 used
Models. Finally, after completing the training process of
our models on the dataset divided on 3 folders (train, valid
and test), we can obtain Accuracy and error-rate graphs
for each models.
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Deep learning classification algorithm
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Dataset :Trashnet  pro procossing Processed Dataset Trashnet Classification Models Classifier trained Models
frmmmmmmm  sessssssssssssss 000 ssssssses 0000000 seeeees=——-
: £ classes: -l |r """" ] -‘I { E [ :
I | - ] 100 Epoch I
| [ imr | | 1 | Vegle |1 ! Vegl6 i
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Figure 7: Process of the waste classification

4.1.3. Discussion of the results and algorithm
performance

Our classification results are presented in table 3 for each
used model. For this we present the Accuracy and error-
rate graphs, a confusion matrix where each color signifies
a different class (‘glass’, 'paper’, 'metal’, ‘plastic’,
‘cardboard’, 'trash"), Losses Graphs (train, validation) and
the model score (Accuracy).

According to table 3, the algorithm with Vggl6
model has given accuracy of 95.28 %, loss=0.5 and
error_rate = 0.05. The Resnet50 model attains an accuracy
of 94.16%, loss=0.5 and error_rate =0.05 , while the
Densenet201 model has given the high score with an
accuracy of 95.59%, loss of de 0.5 and error_rate less of
0.05. See table 4.1 for a summary of the models.

Table 4.1: summary of our models results

Models Epochs | Accuracy | Loss | Arror
rate
\/ggl6 100 95.28% 0.47 | 0.05
ResNet50 100 94.16% 0.45 | 0.05
DenseNet201 | 100 95.59% 0.41 | 0.05

The score of DenseNet201 Model is the high score of
all the existing models for the waste domain classification.
So, it is the selected model we installed on a Raspberry Pi
3.

Discussion of our accuracy with the approaches of
SOTA.

The majority of waste classification approaches used
Machine Learning techniques, which are poor to extract
the characteristics of images, and as shown in the scores
obtained, they vary between [83%, 94.8%].

Approaches based on Deep learning models and CNN in
particular have achieved a higher recognition and

classification score than the others, varying between
[93%; 95%]. Our models based on transfer learning have
achieved a score that varies between [94.16% with
Resnet50, 95.28% with Vggl6é and 95.59% with
DenseNet201) using Trashnet.

Models based on Machine Learning techniques have
the lowest score compared to others based on DL. And the
approaches that use the DL with the transfer learning have
the highest score (95%).

For that, we have opted, in our work, for this
technique for the advantages it procures, we have
proposed 3 models (VGG16, ResNet50 and
DenseNet201), the Model based on DenseNet201 using
Trashnet, has the highest score=95.59%); than all existing
Models (classifiers) in the SOTA See table 4.2 below).

Table 4.2: summary of our models results and SOTA
approaches accuracy

SOTA Accuracy
approaches
[9] 83%
[10] 80%
[3] 63%
[11] 87%
[12] 95%
[13] 83%
[14] 93%
VGG16 95.28%
Our ResNet 50 94.16%
I\de DenseNet201 95.59%
els
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4.2. Waste collection part

According to our solution, after the classification step, the
waste is collected in the appropriate bin. This waste
collection process is carried out at this part. This part is
composed of six (6) Smart Trash can(STC) (see figure 8)
for allowing the smart collect of 6 types of wastes:(paper,
glass, Metal, Cardboard, Plastic and Trash).We realized
this trash can and also a mobile application that manages
its functions. In the following we will present in detail the
realization steps of STC and the mobile application.

Figuré78: Smart Trash Can (STC)

4.2.1. Logical Part: Mobile Application

This part consists in the Mobile Application (MA) that
manages and monitors the Smart Trash Can remotely in
real time. The concerned persons will be notified about the
Smart Trash Can status to achieve the removal of trash in
a proper way. As any other software, we start the
development of the MA by providing graphical
specification and design, which allow to reduce the
complexity of the implementation of the Smart Trash Can,
and organize the realization of the project by defining the
modules and the achievement stages. Developers have to
transform fuzzy ideas into a precise specification of needs,
and requirements expressed by a community of users.
Thus they define a relationship between a system and its
environment. In this section, we will present a detail
description of Smart Trash Can functioning with its
functional and no-functional requirements, then we use
case diagram (figure 9) to represent the user’s interactions
with the Smart Trash Can, and then sequence diagram
(figure 10) to describe those interactions in chronological
order. We will present the software architecture, and we
will identify the class diagram (figure 11) in order to
implement the mobile application.

Functional requirements: represents the related
requirements the functioning of the system to be
developed. The system must be able to establish the
following functionalities: (1) Ensure the authentication of
the different users of the mobile application. (2)Acquire
the information from the used sensors (humidity sensor,
ultrasonic sensors) and the Raspberry Pi V3 board.
(3)Allow the consultation of data. (4)Account
management for Smart Trash Can users. (5) Local storage
of data. (6) Analysis of the collected data and visualization
of the statistics about this data.

S. Bourougaa-Triaet al.

No-functional requirements: the considered
requirements are: (1) Data security, (2) Ergonomics of
graphic interfaces, (3) speed of processing and (4)

performance
2

% <<Include>>

Admin

Management of TrashCan

Manage users accounts
Store data
.
.

<<Include>>
U 4

Local Storage
Acquire data
<<Include>> --~7

<<Extend>>
-==7” Consult account
informations

Database

<<Include>>
’

i

TrashCan

extension points
ExtensionPoint

User

< <<Include>>
Import data

Figure 9: Use case diagram of the Smart Trash Can

In order to realize all the use cases, we have
established a sequence diagram for each one. We present,
in what follows, the sequence diagram corresponding to
the use case “acquire data” (figure 10).

TrashCan HOI Server
e :l e
| | |
| 1: Comnecion_ bluetosthf) } ;
|
|
|
|
I
E}J 2 Connecton buelolh) }
Not vaid] |
|
|
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X I
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C)
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]
21,3 Send dafafiemp bum )
:_| 2131 Teament
T
| J
| ]
| |
[Non valie] | | 132 unsuotesshl
| -
|
| 21.32.1: conession via WHF)
|
1
| i I

Figure 10: The sequence diagram for the use case
"Acquire data"
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Figure 11 illustrates the class diagram we propose for describing the static part of the Smart Trash Can we realized.

communicate tc_H

1

TrashCan gk

HCI Admin
-Id_brdg : int -ld_ad : int
+Authentifie() -Name_ad : string

-Email_ad : string
-Passw_ad : string
-Tel_ad : string

+Activate_bl()
+Desactivate_bl()
+Conection_bl()

+getFullName_ad()
+setName_ad(Na : string) : void
+getEmail_ad()
+setEmail_ad(Em : string) : void
+getPassw_ad()
+setPassw_ad(Pa : string) : void

+Send_data()
+Receive_data()
+ActivateWi_fi()
+DesactivateWi_fi()

I
Turn on

-Id_tc : int

Arduino %
+Receive() 2
+Analyze() 1 connect
+Send()

#1d_sens : int
#DateTime
1..% [#Value : int
+getSensor()
+SetSensor(Val : int) : void
Humidity T Ultrasonic 2 |
—

T |+getTel_ad()
+setTel_ad(Ta : string) : void

1

communicate Sv_H manage manage2

1

1 1 Mobile
application
Server request -id : int
+Connection() 1 +Send()
+send() +Receive()
+Receive() 1. +Treat()

User

-1d_user : int
-Name_user : string
-Email_user : string
-Passw_user : string
-Tel_user : string

+getName_user()
+setName_user(Nu : string) : void
+getEmail_user()
+setEmail_user(Eu : string) : void
+getPassw_user()
+setPassw_user(Pu : string) : void
+getTel_user()

+setTel_user(Tu : string) : void

Figurell. Class diagram of the Smart Trash Can

Software architecture. It is dedicated for structuring the
Smart Trash Can from its functional specifications; it
consists of dividing the Smart Trash Can into logical
communicating layers, in order to reason

about its functioning. It includes: perception layer,
Communication layer, and Application layer.

=  Perception layer: it consists of all the hardware
components used in the Smart Trash Can.
= Communication layer: present all the protocols that

we used to ensure the communication between the
application layer and the physical layer. (1) HTTP:
ensure the communication between the server and the
mobile application. (2) HCI: The HCI is a
standardized Bluetooth interface for sending
commands, receiving events, and for sending and
receiving data, it is used to ensure the communication
between the Smart Trash Can and the server (figure
12). (3)Wi-Fi: a set of wireless communication
protocols, connecting different devices by radio
waves (the server, the smart phone).

= Application layer: describes all the realized
requirements by the Smart Trash Can: (1)
Acquirement of data: with the different sensors.

= (2) Storage of data: in the database. (3) Presentation

of data: review the data on the mobile application.

smart | [ wa > |
HCI S
TrashCan / erver

> :Data

Figure 12: Communication between the STC and the

Server

During the development of Mobile Application (MA) we
have used a set of languages and tools, which are: (1) Java:
For programming the mobile application and the server,
(2) C++: for programming the Smart Trash Can hardware,
(3) Android studio: For the development of the mobile
application, (4) VS Code: For the development of the
server, (5) Arduino Software(IDE): For programming the
Smart Trash Can hardware.(6) MySQL: For the data
storage. (7) Spring Boot: To develop the REST API that
obtains data and generates operations on those data in
JSON format.
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Mobile Application Interfaces: We use the Android account and user account), the administrator account has
Studio platform to implement the mobile application. This  other features than the other account. Next, we find some
application can manage by two accounts (administrator  interfaces of the MA.

Server side application

Arduino code for the connected object ( STC)

TRIG _PIte~-13:

+ ECHO_PIN-312:
TRIG _PINI=9:

: ECHO_PINI-8:
BAUD_RATE-9600:

S e
PIM Ty:

TRIG_PINY tE
C(ECHO_PImMi 2 ¥z
1 {BAUD_RATE ):

myservel.att ®o3:
myservol? t (10>
Serial (9600):
>
el L
17(Serial €3-03¢
,,,,,,, dData Seriol O:
flag a:
>
= {TRIG_PIN L

(TRIG_PIN >
(10>
(TRIG_PIn >z

(ECHO_PIn >

CECHO_PINT >
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Mobile Application Interfaces: We use the Android
Studio platform to implement the mobile application. This
application can manage by two accounts (administrator
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account and user account), the administrator account has
other features than the other account. Next, we find some
interfaces of the MA.

History

Notification

Home page (the admin)

€3]

In this page, the admin will be
able to access to different
features of the application:
1.check the current state of the
Smart TrashCan.2. Consult the
history.3.Consult his
account.4.consult the
notifications.5.Manage the

users’ accounts. 6.Logout the
application

Hintory

In this page, the admin/the user will be
able to see the statistics of the Smart

Trash Can.

MNotification

In this page, the admin/the user will
be able to check the Smart Trash Can
in the last 5 times and he can know if
the Smart Trash Can should be
emptied or no. if the distance is less
than 8, or the humidity is more than
40, or if the temperature is more then
27; then the number will be with the
red color to warn the user that there is
a change and the Smart Trash Can

4.2.2. Physical part

This part is the real realization of the Smart Trash Can:
The choice of development tools has a huge impact on the
programming time, as well as the flexibility of the product
to be produced. This phase consists of transforming the
conceptual model previously established into software and
hardware components forming our Smart Trash Can. In
this section, we present and describe the hardware (See
figurel3), we describe the physical realization of our
Smart Trash Can, we explain the connection of each
hardware component with the Arduino board.

In fact, The Smart Trash Can receives and takes as
data the events that happen outside, from the different
sensors, transmits them to the server via HCI protocol,
which in turn transmits it to the database in order to store
it and to review them by the mobile application when

needed.

To realize our STC we have used the following

devises

1. The Arduino UNO: to develop and control the Smart

Trash Can [15].
2. Sensors: we have 3 sensors :

/

S:rvo motor %QH;

DHT11 Temperatune
and Mulrudylv sensor

4

Bluetooth module he 05

\.

S ~~2

Arduino UNO + 12930

7,

Power adapter 12V
Jumur wires

should be emptied.
P .

\% HC

MT»I}MSMH
+
|

[

r »

Ultrasonic sensor

Ultrasonic sensor

[
\
)
\
[
\

Smart TrashCan

Figure 13: Hardware architecture

a. The DHT-11 Temperature and Humidity sensor:
to measure the humidity in the Smart Trash Can

[17].
b. The HC-SR04 Ultra sonic sensor:

In our Smart

Trash Can, we used two ultra- sonic sensors [18]:
First sensor to measure the trash level in the
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Smart Trash Can. Second sensor to open and
close the Smart Trash Can automatically.
The HC-05 bluetooth module :to send the measured
data by The Smart Trash Can to the server via
HCI[16]
The Micro Servo SG909g:to control the opening and
the closing of the Smart Trash Can [39].
The AC adapter: to power the Smart Trash Can [21].

S. Bourougaa-Triaet al.

6- The 1293D motor drive shield: to drive the
servomotor [20].
7- Jumper wires to interconnect the components.

In the following, we describe step by step the physical
realization of the Smart Trash Can. Firstly; we explain the
connection of all hardware to the Arduino. Secondly, we
explain the installation of each hardware on the Can.

Connection of the used hardware to the Arduino: In the next table, we find the connection of all hardware to

the Arduino
N° Steps Figures
1 Connection of the HC-05 bluetooth
module
2 Connection of the DHT-11 Temperature

and Humidity sensor

Connection of the Servo Motor MG ¢
with L293D motor drive shield and the
Arduino

Connection of the ultrasonic sensors
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Connection of the hardware at the Smart Trash Can: In this section, we present the connection of the Smart Trash
Can hardware.

Connection of the HC-05 The  connection  of the

Connection of Arduino UNO Bluetooth module with The  Servomotor SG909g with the

and the L293D motor drive Arduino UNO at the Smart Arduino UNO at the Smart

shield Trash can, using the jumper  TrashCanusing a jumper wires
wires

] ] Connection of DHT-11 temperature and
Connection of the Ultra sonic humidity sensor
Sensors

The different states of the Smart TrashCan: The figures14, 15 represents the different states of the Smart TrashCan,
which can be open or close according to the received events from the external world

Figure 14: The Smart Trash Can is Figure 15: The Smart Trash Can is
closed open
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5 Famous Smart Trash Cans in the market

In this section, we present some Smart Trash Cans, we will describe for each one the design and the features, the way of working, advantages and disadvantages and we will

S. Bourougaa-Tria et al.

compare between them in order to identify the relationship between the works and the topic (Table 5,6,7,8).

Table 5: Famous Smart Trash Cans in the market (1)

touch-free.
A motor that works in such a way

that the lid shutting is significantly

quieter.

A stronger and more durable liner
pocket than comparable garbage
bags.

A liner rim, which is quite useful

when changing garbage bags since

it keeps the bag in place and
hidden.

away the trash.

Or he just stands above the
Smart Trash Can. It opens, and
it wait the user until he finish
throwing trash to close.

e  The Smart Trash Can will wait
people until he finish throwing
the trash.

Quiet while closing the lid.

e Easy to clean.

Name Image Design and Features Working Advantages Disadvantages
iTouchless According to [22]: e To compact the garbage, the | According to [22]: The compaction
Squeeze e Combine hand motion technology user removes the compacting |® Put money in garbage bags to tool's design.
TrashCo with a manual compacting tool to tool, keep it safe, Extremely hefty.
m- pactor Al get the best results o locks it in place, and presses it[® The Smart Trash Can may be Expensive.

e Absorbs garbage smells using down. opened manually or with a
carbon odor filter technology hand motion, ]
e For battery-free operation, an * Removes smells from the a,
. . . Large storage capacity, Don't
optional AC adapter is provided. forget to bring the AC adaptor,
® Trash compression.
Simple According to [23] e  People can throw trash away Too expensive.
human e The voice and motion sensoris  |¢  User say "open can" and throw| "open can". User can’t disable

the motion
sensor.




Informatica 46 (2022) 41-66 57

SPubBin: Smart Public Bin Based on Deep Learning Waste...

SPubBin: Smart Public Bin Based on Deep Learning Waste...

Informatica 46 (2022) 41-66 57

Table 6: Famous Smart Trash Cans in the market (2)

Name Image Design and Features Working Advantages Disadvantages
iTouchless — According to[24]: IAll the user has to do is put their hand |® Sensors were turned on and off on e Too expensive
16gallon Dual- ® Buckets are easily cleaned near the lid and it will open their own.

CompartentRec ® since the inside buckets are During use, the lid remains open. Afterle  gofa 10 use in any setting.
. removable. i
ycle Bin . 3 seconds of usage, the lid shuts.. ® Handles and four caster wheels for,
® Manual open/close function; two -
compartments, each with a easy mobility.
capacity of 30 liters ® AC Adapter is included.
* optional AC adapter ® Stainless steel that  resists
fingerprints
Townew T1 According to [25]: With Townew T1, the user may ® Automatic open lid. ® The size isn’t so
® Automatic open lid, Self- utilize a hand swipe gesture to open |® Detects movement from the practical.
changing and replacing trash the lid of the Smart Trash Can distance of 35 cm. o It q
bags technology., Infrared automatically. After filling the waste |® Prevents the spread of trash smell. s edgee °
sensor to detect the motion of : . L P
the hand., refill rings contains basket, the user presses the device's Its white color made it suitable for bags.
25 trash bags, front button for three seconds. To any deco.r. _ _ ® Lifes panis
® A button which is for 2 take out the garbage, the trash bag Autlomatlcbseallng, changing and not_ Ior?g.
uses:Enable the open lid mode. will automatically rise to the top and repang 22 * Shipping
Seals the bag and open the lid y ) P ® Trash bags are recyclable and time:
so user can remove the trashbag. | be sealed. The garbage bag will be durable. 10H.
® In the back, there are the power | immediately replaced with a new ® jts low
port and the On/Off button. one. battery
alarm is
annoying.
R3D3 According to [26]: This item functions similarly to areal- #  Recognizes sorts and compacts ® The design of the
e A connected garbage can that life sorting robot. It can automatically plastic cans, cups and bottles. compactor tool.
identifies, sorts, and compacts  (detect, sort, and compress beverage o Facilitates collection and especially |® Very heavy.

plastic cans, cups, and bottles
automatically.

Coffee cups, bottles, and cans are
all sorted, compressed, and kept
in their own containers.

packaging. It's designed for businesses
and, more broadly, public areas where
a lot of beverages are consumed.

sorting.

A simplified and efficient way to
approach waste management in
companies.

Too expensive:

exceeds 4000 euros,

equivalent to
700,000 Algerian
dinars.

For companies.
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Table 7: Famous Smart Trash Cans in the market (3)

Name Image Design and Features \Working Advantages Disadvantages
) , According to [27]: The clever multi-distributor trash |e A stylish object, which makes |® The design of the
Eugene EUGeﬂe can also retrieve your shopping list you want to use, compactor tool.
S e Is aconnected trash can, from the |via an app, and it comes with a ® Saves you time and money, * Small.
. start-up Uzer scanner that can detect thrown ® Scans packaging before e  Tooexpensive:30
& Indicates to consumers where to  |items based on their bar codes and discarding it to see sorting 0 euros,
- throw their waste, notify the user whether or not they instructions, équivalent de
e Equipped with a barcode scanner. |need to be sorted. * Contains two (02) bins, each 50.000 dinars
bin (25) liter. algériens
* Anapplication allows youto ¢ For Kitchen
retrieve the list of resources
Insignia IAccording to [28]: This device has a capacity of 140 intelligent and connected ® The design of the
innovation e Isasorting and compacting bin, liters and compacts seven times |o  powered by solar energy (better |  compactor tool.
| intelligent and connected and more waste than a regular trash solar autonomy), ® Very heavy.
;s powered by solar energy (better can. The compactor, which is e A LED screen. ® Too expensive:
iI solar autonomy) software-enabled, can 5000 euros,
e A more urban, more modern communicate with garbage équivalent de
design. collection providers and send out 900.000 dinars
e The alert system is equipped with | a signal when it is full. algériens
a self-driving system machine * For companies
diagnostics.
e A LED screen allowing
information to be disseminated or
as a communication medium.
Lemon tri According to [31]: Another description of this IThe trash can (Lemon sorting) isa | Very expensive
this bin contains several models, and | device is that it comes in an Ultrajmachine that prevents sorting errors
| new technology that create an variant with a touch screen and |on the part of individuals, improving
* || innovative waste collection service, | can process up to 40 packs per  waste collection, in addition it
1 as it facilitates the (selective) minute. accepts all types of waste.
| recycling of plastic bottles, cans and
cups (recognize the packaging).
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Table 8: Famous Smart Trash Cans in the market (4)

Trash Gordon

And also swallows all waste and
separates them from each other in
its two interior spaces.

This greatly facilitates the sorting
of recyclable materials from
household waste.

They are constructed of durable
plastic and can be removed
independently, each having a
capacity of 15 liters (30 liters for
both), and pushing the pedal opens
and closes the lids .

e voluminous,

e practical,

e quality,

e elegant sorting of waste
(Food).

Name Design and Features Working Advantages Disadvantages
IAccording to [29]: This bin contains two sorting bins | ® Easy to clean Expensive exceeds 139
Klarstein Is a sorting trash can, due to its high interior volume. e selective sorting, Euros, equivalent to 20,000

/Algerian dinars

is a simple trash can, the ideal waste
solution for the workplace, , and
accepts all types of waste, and with a
capacity of 100 liters,

clean, anti-fouling, pedal type
trash

capacity of 100 liters,

Majestic /According to [30]: The big capacity trash collector, | Connected e Cheap: exceeds 52

cuisine Is a smart connected bin high-end materials, and the e Aninfra-red system Euros equivalent to
Works with an infra-red system, Jautomated quiet lid shutting e Accepts all types of waste. 8,000 Algerian dinars
Which is one of the best binsin  |(convenient and hygienic) when e does not sort
the Kitchen with a large capacity [you pass your hand or an object 15
of 68 liters, in addition to the type [cm away.
that accepts all types of waste) .

AINIYF /According to [30]: lightweight, portable and easy to | accepts all types of waste e Cheap: exceeds 149

Euros equivalent to
25,000 Algerian dinars
e does not sort and
recycle waste,
e and not connected
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In Tables 5,6,7,8, we have presented some famous smart trashcan in the market; we have described for each approach the design and the features, the way of working, advantages

and disadvantages.

In the next section, in table 9, we will compare between the famous Smart Trash Cans in the market cited in the table 1 using the following criteria we suggest: Length(cm),

S. Bourougaa-Tria et al.

Width (cm), Height (cm), Capacity(L), Color, Weight(Kg), Price ($), Company, Trash type, Connectivity, Sorting, Notifications, Recycling and Compacting.

Table 9: Comparative table

Smart ST
TrashCans| | @ i ' eueene | * ' N g
_ | P . I's '] - 3
Critarias g ;" =
\"...l
1y
Name iTouchl-| Simple- | iTouch- | Tomn- R3D3 Eugéne [ Klarstei _ _Majestic Lemon tri
ess human less e novation n Trashicuisine YF
Squeez -~ Gordon
Length(cm) 64.52 63 58.42 40 Prototype
Width (cm) 35.82 46.99 35.56 31 Prototype
Height (cm) 32.01 33.03 55.88 24 Prototype
Capacity() 49L 49.21L 60 L 15.5L (100 bottles| 50L 140 L 30L 68L 100L
300 cans,
400 cups
Color Stainless| Black | Stainless| White |White and White Black Black white Green White
steel stainless steel orange
steel
Weight(Kg) 5.96 6.02 8.61 3.5
Price() 149.95$ | 210.00$| 99.32$ | 119.95% | 4000Eur | 300 Eur 5000EUR 1139.99Eur| 52,99 Eur | 149.0Eu " "
Company iTouch- | Simplehu| iTouch- | XIAOMI| le-de- UZER Paul Miniconi KITCHEN Lemon tri I
Fran Klarstein MOVE AINIYF
less man less ance
Trash type All All All All  |Plastic :Ca|Kitchenwaste ALL Food All plastic bottles, all
ns, cups, ALL cans and cups
bottles
Connectivity Yes Yes Yes Yes yes Yes Yes non Yes No No yes
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Sorting No No Yes No yes Yes Yes Selective No No Selective No
Notifications No No No No No Non No No Yes(in real time)
Recycling No No No No Yes Yes Yes No No No Yes No
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Discussion

After this comparison, we find that all bins share common

disadvantages, such us:

1. They are too expensive in the case where the State
buys these products, cost of importation in particular
in the case of after-sales services, and maintenance is
the responsibility of the manufacturer, which
increases the cost.

2. The sorting: none of the bins do smart sorting except:
R3D3 ensures selective sorting for a single type of
waste: plastic; Eugene: do a smart sorting for kitchen
waste, Insignia innovation all trash of companies,
Klarstein Trash Gordon do an intelligent sorting of
food wastes.

3. None of the bins transform waste for recycling
because they don’t sort intelligently the wastes.

4. Most bins sort plastic or food waste

5. None of the bins use deep learning techniques for the
smart sorting of wastes.

6. The purchase price and the high import price

7. Most existing smart trash cans are domestic intended
for household waste management.

In summary, all smart trashcan in the market, despite
the advantages they present, the bins which ensures the
sorting of waste do not use deep learning techniques and
do not take all types of waste into consideration.
Furthermore, the high prices make the purchase operation
very difficult here in Algeria. To overcome these
difficulties, our SPubBin brings added value to this
domain compared to other ones, and, helps to reduce
import costs.

6 Synthesis

In this section, we will summarize SOTA (State-Of-The-
Art) Lacks and our contribution.

SOTA Lacks: In addition of the points cited in the
discussion above:

1. The majority of waste classification approaches use
Trashnet [3] dataset. The only dataset intended for the
classification of waste (see table 2).

2. The majority of waste classification approaches used
Machine Learning techniques, which are not
satisfactory to extract the characteristics of images,
and as shown in the scores obtained, they vary
between [83%, 94.8%].

Contribution of our work: We can explain the add
values of our work in the following points:

1. For the classification of waste, we used a smart
technique based on deep learning and transfer
learning models.

4., We used

S. Bourougaa-Tria et al.

2. Our models achieved the highest scores compared to
SOTA approaches: [ResNet50= 94.16%; Vggl6=
95.28%, DenseNet=95.59%)]
3. DenseNet201 model has achieved the highest score
compared to all the scores of the approaches cited in
the SOTA (See tablel), using TraschNet[3] with 100
epochs and batchsize=16 which is 95.59%.
transfer learning, which is highly
recommended, because it eliminates the need to start
from zero. The developer identifies an existing model
that performs functions similar to the ones he wishes
to see achieved by the model he seeks tobuild, transfer
learning can help you learn the target job in the
following ways: (1) Better initial model, (2) Higher
learning rate, (3) Higher accuracy after training and
(4) Faster training. [34].
5. For the Dataset pre-processing,
operations have been carried out:
= All images have been resized down to
(128,128).

= |n order to augment the performances of the
used dataset, we have applied an
augmentation operation.

= To geta high accuracy for test, we choose
to divide our dataset on 3 folders namely:
train 50%, validation 25%, and test 25%.

the following

In another hand, our work allows:

1. The development of an intelligent public bin based on
waste sorting.

2. Intelligent waste management using 10T techniques:
The STC (see section 4.2)

3. Intelligent waste classification using (Al) techniques
(Deep learning): the 3 proposed Models based en
transfer learning techniques (see Table3)

4. Reduce import costs by the use of Smart Public Bin
made in Algeria. [37, 38]

5. Eliminate unpleasant odors, insects and pathogenic
germs at the level of the trash. Our SPubBin uses a
set of sensors witch accomplish these functions (see
section 4.2.2).

6. Save effort and time by sorting at bin level and
transferring waste directly to recycling: the main
object of SPubBin is the classification of 6 types of
wastes using Deep learning techniques, (see Figure5)

7. Realization of a Smart Public Bin which is the first
in Algeria for its specificities.

For that, we used:
1 Al techniques for image classification (an algorithm

based DenseNet201 Model installed on the
Raspberry Pi3)

2 Advanced tools such as: Raspberry Pi3 and A
camera: Raspberry Pi Nolr camera V2- Case camera
with different sensors for the realization of the first
prototype (STC see section 4.2).
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7 Conclusion and Perspectives

Cities are growing in population and size and so is doing
the waste generated by citizens. The daily collection of
this waste generates traffic problem in crowded cities due
to the slowness of the garbage collection process. Smart
spaces should be completely frictionless for the average
person. This involves the inclusion of electronic devices
into the environment, and it is vital in this regard to discuss
suitable materials and how they react.

Collecting, sorting and recycling of the different types
of waste are a serious problems in Algeria. Waste
management costs the state a lot of burdens in terms of
efforts and the high budget directed to this field. Despite
all the efforts made in this field, waste management
remains a major problem for the state. The used techniques
for ensures the management of waste are very traditional.
The use and the installation of the novel techniques based
on TIC technology: Al, IOT and DL are very expensive in
terms of: prices, charges of importation and maintenance
cost. It is time to install Algerian solutions for waste
management. In this paper, we have presented a novel
approach, which based on IOT and Al (deep learning and
transfer learning) for the smart waste sorting.

We have proposed a novel approach for waste sorting
Baptized SPubBin (Smart Public Bin). The presented
solution is based on transfer learning, and uses, three
CNNs models: VGG16, Dense201 and Resnet50.
Compared to the approaches quoted above, the proposed
approach allows essentially:

1. The sorting of different types of waste (‘glass’,
‘paper’, metal’, ’plastic’, ’cardboard’, ’trash’) using
deep learning classification techniques, based on
transfer learning.

2. The Intelligent waste management: sorting,

collecting, and recycling waste using IOT techniques

(smart sensors, smart camera, Raspberry Pi and

Mobile Application).

Reduce import costs

4. Eliminate unpleasant odors, insects and pathogenic
germs at the level of the trash.

5. Saves effort and time by sorting at bin level and
transferring waste directly to recycling.

w

For validation reasons, we have developed a visual
tool supporting the proposed approach. This tool is a
Smart Public Bin (SPubBin) witch composed of 2 parts:
1. Smart classification waste Part (Deep learning

classification waste part): the main objective of this

part is the sorting of waste into 6 classes, using deep
learning and transfer learning techniques
2. Waste collection part: wastes are classified into 6

Smart Trash Can (STC), witch composed 2 parts

(logical and physical): a.Logical part: A Mobile

application to manage and monitor a Smart Trash Can

remotely in real time. b. Physical part:
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realization of a Smart Trash Can using different
devices, protocols and sensors.

As future directions to this work, we plan to:

1. Complete the realization of different parts of
SPubBin.

2. The use of solar energy to power our SPubBin.

3. Add other features for STC, such as: lid blocking in
case of full bin.

4. Add a waste segmentation algorithm from images
based on deep learning techniques: Mask Rcnn, Unet
and YOLO.

5. Using others datasets for wastes classification.
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