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Abstract: Due to the random occurrences of street waste, city managers usually spend a lot of energy and
money cleaning street garbage, which is a core duty in computer vision, with applications ranging across the
process of smart city creation. Deep network solutions are frequently constrained by the amount of training
data available as they become deeper and more complicated. With this in mind, Open CV or Google Al has
made the Open Images dataset publicly available in order to drive breakthroughs in image analysis and
interpretation. Open Images continues the legacy of PASCAL VOC, Image Net, and COCO, but on a much
larger scale. As a result, visual street cleanliness assessment will be extremely vital in this project. Existing
assessment methods, on the other hand, have several significant drawbacks, such as the lack of automation
in the collecting of street waste data and the lack of real-time street cleanliness data. Finally, the findings are
fed into a framework for calculating street cleanliness, which allows for the visualisation of street cleanliness.
Cleanliness levels are maintained at a high level, making it easier for city managers to schedule clean-up
crews.
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1. INTRODUCTION

Street cleaning is a vital civic function that entails a variety of operations aimed at keeping the streets clean. As a result,
it entails street sweeping, litter pick-up, fly-tipped refuse uplift, and graffiti and flyposting eradication. The proof is obvious
when the street cleaning service is not productive. And it has the potential to have a tremendous impact on the quality of
life in its neighbourhoods, towns, and cities. Furthermore, people assume that environmental issues are linked to other forms
of disorder and criminality in cities.

On the other side, a city's high-quality street cleaning service ensures and helps to good environmental quality in its towns
and neighbourhoods, which can aid urban development and make locations more appealing to tourists, investors, and mobile
employees. Furthermore, good street cleaning could help towns save money on the cost of cleaning their subterranean water
systems. As a result, researchers all around the world are investigating automated systems that involve utilising a vehicle
equipped with image capturing devices to capture the streets on a regular basis and collect data such as street photographs,
geographic position, date, and time. In addition, the remote cloud platform uses existing object detection techniques to detect
photos. Finally, the city managers are notified of the detection results.

1.1 Overview

e  We use edge computing and deep learning to implement the “visual street cleaning assessment” approach in this
project.

e The data is fed into the street cleanliness computation framework, which has a path from IOT devices to edge,
which allows city administrators to view street cleanliness levels, making it easier for them to schedule cleaning
Crews.

e This is done while keeping the path between IOT device and edge secured.

e A unique edge computing framework is described. Between cloud servers and mobile terminals, there is an edge
layer. At the edge layer, we customize edge servers to manage a portion of services from mobile devices. It can
also temporarily keep data constituents and transmit data constituents in real time.
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e To identify street rubbish categories and count the number of garbage, an improved R- CNN is utilised. A versatile
estimation model is used to assess distinct layers. The city is organised into five layers: the city area, the block, the
street, and the point. Every layer will calculate the cleanliness of the streets.

e We give a public garbage data set 1 gathered by an IoT device that can be used as a benchmark for measuring
waste identification and cleaning on the street. We also create a visual street cleaning map using the data collection.
The app proves that the recommended method is feasible and usable. The findings can help improve and optimise
the cleanliness of city streets.

1.2 Motivation

e We go to many places like bus stop, footpath etc, where we still can find untidiness even after initiatives by
Government bodies to keep Dustbins at public places. This is because human generated volume of waste on the
streets is currently unmanageable.

e Meanwhile, garbage identification on the alley is not automated, and human interaction is required at practically
every level. Citizens manually check the location of waste and report it to city administrators, who subsequently
arrange for nearby city staff to sweep the garbage.

e These manual solutions, on the other hand, are unable to grasp the waste cleanliness of all of the city's streets in a
timely manner.

As a contribution towards the Society by being a responsible Citizen of this Nation we have implemented Mobile Edge
Computing based waste management System to help Government Officials to assess waste.

1.3 Objective

e We intend to design a solution that can automatically perform picture filtering pre- processing at the mobile edge,
as manual refining has a significant impact on instantaneous channelling and wastes time.

e We give a public garbage data set 1 gathered by an IoT device that can be used as a benchmark for testing waste
identification and cleaning on city streets. We also utilise the data to create a visual street cleaning map. The
application verifies the proposed method's feasibility and usability. The findings can be used to improve and
optimise city street sanitation.

e We’ll be using a security algorithm to secure the path between the IOT device and the edge server during data
transfer, to provide privacy during pre-processing.

1.4 Scope

Here, we develop a solution that uses image processing using OpenCV, over edge computing for reducing latency. We
make use of R-CNN model for our project.

The project will take some 3-5 months for completing and testing against various test cases. The deliverables in our
project are the processing mode of the R-CNN model and the User Interface that is a dynamic website created using HTML,
CSS, JAVASCRIPT and DJANGO. Our final motto of the project is to design a scalable waste management system to help
maintain proper cleanliness of a smart city.

1.5 Existing System
e Due to the huge number of alleys, the volume of waste on the alleys is currently ungovernable.
e The collection of alley waste information is not automatic, and alley cleanliness information is not instantaneous
best performing method for automatically detecting items
e The smart city concept combines information and communication technology with a large number of physical
devices connected to the network to improve the efficiency of city operations and services.

The current street garbage project seeks to roughly partition a pile of trash in photographs. The photos are separated into
two parts: those that contain junk and those that do not, with the area holding garbage in the image being segmented using
CNN (Convolutional Neural Network). Additionally, they used the Bing Image Search API to construct their data
constituents, which had an accuracy of 88.69%, a sensitivity of 81.86%, and a specificity of 91.06%. These methods, on the

other hand, focus on the segmentation of a pile of garbage, but there are several mistakes in segmentation judgement, and
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they do not supply any information about garbage type. However, at present, the existing system is only able to identify

street wastes, and have not accomplished an urban street cleanliness assessment.

A. Disadvantages
e Need a large dataset
e Because you need a large dataset, training time is usually significant
e  Takes lots of time to train and stuff
e The surveillance is restricted to garbage cans and cannot be expanded to include the streets.

1.6 Proposed System

An overview of a one-of-a-kind edge computing framework may be found. Between cloud servers and mobile terminals,
there is an edge layer. At the edge layer, we customize edge servers to operate a part of the services from mobile devices.
It's also capable of storing and transmitting data in real time.

A quicker R-CNN is used to detect garbage categories on the street and count the amount of waste. To assess the different
layers, a multilayer assessment approach is applied. The city, the area, the block, the street, and the point are the five strata
in which the city is organised. The cleanliness of the street will be calculated by each layer.

A publicly available waste data collection 1 that can be used as a baseline for waste detection and removal on the streets.
The application evaluates the offered approach's practicality and usability. The information can be used to assist cities in
improving and optimising street sanitation.

A. Advantages
e Object detection is making inroads into a variety of industries, with applications ranging from personal security
to office productivity.
e When compared to typical cloud computing, edge computing can minimise latency and resources.
e |t can also be integrated into a visual search engine to assist customers in locating a specific item through
advanced image analysis and object detection.
e R-CNN algorithm is faster than CNN.

II. MODULES
2.1 Upload Images
The user is the one who uploads the image. An authorised person enters new arrivals into the system, which are then
displayed to users. Images with properties can be submitted.

2.2 Approach Description

Edge computing can help you save time and money by reducing latency and reserving resources. When compared to
typical cloud computing, the key difference is that when a big volume of data is created, some services are processed on the
edge in advance. In image recognition, R-CNN is also commonly employed. A novel urban street rubbish detecting system
has been devised and a cleanliness assessment technique has been achieved as a result of the aforesaid effort.

2.3 Data Collection and Mobile Edge Processing

The major job during the data collection stage is to collect rubbish and street photos, which are required by the assessment
approach. Edge servers were employed to fulfil two tasks during this stage. The first step is to boost the system's overall
performance. When object identification is done at this stage, image data is first entered into the CNN network, and then
the dimension of the photos is adjusted to the appropriate proportions. It is thought that pre-processing picture data in the
edge server can lower the total time of the system.

2.4 Image Detection Using Neural Network (R-CNN)
The improved R-CNN technique is used to detect street rubbish in this research. The detection algorithm is broken down

into three sections: designing of network, training of network, and waste detection on the street.
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2.5 OpenCV
OpenCV is a programming library geared mostly at real-time computer vision. OpenCV is a multi-platform library that
may be used to create instantaneous computer vision application. It is mostly concerned with image processing.

Volume 2, Issue 2, April 2022

III. LITERATURE SURVEY

Due to the random appearances of street litter, city managers spend a lot of energy andmoney cleaning street garbage
during the smart city construction process. As a result, assessing the cleanliness of the streets visually is crucial. Existing
assessment methods,on the other hand, have several significant drawbacks, such as the lack of automation in the collecting
of street rubbish data and the lack of real-time data on street cleanliness.

Edge computing has the potential to reduce latency and resource consumption. The main difference between traditional
cloud computing and edge computing is that someservices are processed on the edge in advance when a large amount of data
is generated.Image recognition also makes extensive use of R-CNN. Based on the preceding work,we devise a novel
approach to urban street garbage detection and cleanliness assessment. To detect urban street garbage, the method combines
mobile edge computing and R-CNN. We use the street cleaning standard to calculate street cleanliness based on the above
detection results.

This research proposes a unique urban street cleanliness evaluation approach based onmobile edge computing and deep
learning to address these drawbacks. First, high- resolution cameras mounted on vehicles take photos of the roadway. Mobile
edge servers are used to temporarily store and extract street picture data. Second, using citynetworks, these processed street
data is transported to a cloud data centre for analysis.Simultaneously, a Faster R-CNN (Faster Region-Convolutional Neural
Network) is employed to detect street rubbish categories and count the quantity of trash cans. Finally, the data are fed into
the street cleanliness computation framework, which allows municipal administrators to view street cleanliness levels,
making it easier for them to schedule clean-up crews.

IV. SYSTEM DESIGN
4.1 System Architecture
Figure 4.1 shows the system architecture of our project. Here, the user logs in and uploads the file into a database. The
file is processed over the edge using an IPE. The processed file is sent to the admin for taking appropriate measures.
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Figure 4.1: System architecture
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4.2 Class Diagram
The class diagram represents a static view of the application. We have two classes: User and Admin.
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Figure 4.2: Class diagram

V. APPLICATIONS

Edge computing can help you save time and money by reducing latency and reserving resources. When compared to
typical cloud technology, the key dissimilarity is that when a big volume of data is created, some services are processed on
the edge in advance. In image recognition, R-CNN is also commonly employed. A novel urban street rubbish detecting
system has been devised and a cleanliness assessment technique has been achieved as a result of the aforesaid effort.

We aim to host a website where user can upload image. The image (garbage image) here is pre-processed (identifying
amount of garbage) and sent to the administrator for proper action. Alongside, user feedback is also implemented.

Another application, is the use of IoT devices on various locations which when detect garbage can send an image with
pre-processed content over the edge server along with location to the administrator.

VI. CONCLUSION AND FUTURE SCOPE
The development of new technology has resulted in the creation of smart cities in a number of cities. One of the most
pressing issues for smart cities is street cleaning. As a result of combining mobile edge computing and deep learning, this
study provides a revolutionary approach to evaluating urban street cleanliness. A graphical street tidiness road map is
displayed; such a self-operating method can assist city officials in quickly determining the level of cleanliness of the roadway.
Future work could be directed in a variety of directions. These instructions are described as follows:
e The goal of this model is to create a system that can automatically carry out image refining pre-processing at the
mobile edge, as manual refining has a negative impact on instantaneous transmission and wastes time.
e This model includes data from usual street waste. However, in the uncommon waste data, the model does not
perform a major role. As a result, the Training data must be expanded further to improve the model's accuracy.
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