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ABSTRACT

The "City Waste Management System Using Van Tracking” project introduces an innovative solution to
enhance municipal waste management processes. Employing cutting-edge technology, the system
incorporates NodeMCU and a Neo 6M GPS module seamlessly integrated into garbage vans, This facilitates
real-time tracking and monitoring of waste collection routes, optimizing efficiency in waste disposal.

The system operates in conjunction with a MERN (MongoDB, Express.js, React.js, Node.js) stack web
application, accessible to municipal corporations, citizens, and van drivers. The web app serves as a
centralized platform for registering and tracking complaints related to waste management. Citizens can casily
report concerns, while van drivers can efficiently manage their routes.

One of the distinctive features of our project is the utilization of React Leaflet for mapping within the MERN
web app. This ensures a user-friendly interface for visualizing the geographic distribution of complaints and
monitoring van locations in real-time. The incorporation of Tailwind CSS enhances the aesthetics and
usability of the web application,

Key functionalities of the system include complaint registration, complaint tracking, and realtime monitoring
of van locations. Municipal corporations gain valuable insights into the efficiency of waste collection routes,
allowing for data-driven decision-making and resource optimization,

This project not only introduces a robust wasic management solution but also promotes citizen engagement
by providing an accessible platform for communication and collaboration between stakeholders. The use of
advanced technologies combined with a user-friendly interface makes the "City Waste Management System
Using Van Tracking" a valuable and impactful contribution to modern waste management practices.
Keywords: City Waste Management, Van Tracking, NodeMCU, GPS Module, MERN Stack, React Leaflet,
Tailwind C88, Citizen Engagement,
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LINTRODUCTION

1. Introduction.

The advent of smart technologies has revolutionized the landscape of urban services, necessitating
a paradigm shifl in traditional approaches to city management.

As urbanization accelerates, effective waste management becomes a critical concern for municipal
authorities.

This research-oriented project, titled "City Waste Management System Using Van Tracking.,"

emerges as a response to the challenges posed by conventional waste disposal methods,

1.1 Background

Rapid urbanization brings about a surge in waste generation, demanding a sophisticated and
datadriven approach to waste management. Traditional methods often fall short in ensuring
optimal resource utilization, tmely complaint resolution, and real-time monitoring of waste
collection processes. Our project addresses these gaps by hamessing the power of emerging

technologies.

1.2 Problem Statement

The inefficiencies in current waste management systems include a lack of real-time visibility into
van locations, delayed complaint resolution, and sub optimal route planning. These challenges
contribute to increased operational costs and environmental concerns. This project aims to bridge
these gaps by implementing a comprehensive waste management system that integrates advanced

technologies for improved efficiency and responsiveness.

1.3 Objectives of the Project

The primary objective of our research-oriented project is to design and implement a City Waste
Management System that wtilizes NodeMCU and a Neo 6M GPS module io enable real-time
tracking of garbage vans. Additionally, we aim to develop a MERN stack web application for

seamless communication between municipal corporations, citizens, and van drivers.




1.4 Scope of the Project

The scope of our project extends to the development of a holistic waste management solution that
caters to the needs of municipal corporations, citizens, and waste collection personnel. The system
will enable citizens to register and track complaints, while municipal authorities can optimize
waste collection routes based on real-time data. Van drivers benefit from improved route

management and navigation.

1.5 Significance of the Study

This research holds significance as it addresses eritical issues in waste management, offering a
technologically advanced solution that aligns with the principles of efficiency, sustainability, and
citizen engagement. The outcomes of this study have the potential to influence municipal waste

managemenl! practices, contributing to a cleaner. more sustainable urban environment.




2. LITERATURE SURVEY

2.1 Introduction.

The literature survey reveals a diverse range of innovative approaches and technologies applied
o address the challenges of waste management in various geographical and socio-economic
contexts. Several studies, such as "Design and Development of Smart Waste Management System”
by Palak Jain, Taneesha Chaudhary. and Sachin Gajjar, leverage Ultrasonic sensors,
NodeMCU, and GPS modules w create smart garbage bins, providing real-time tracking
capabilities in locations like Mumbai, [ndia. Others, like "Smart Garbage Monitoring and Alert
System” by Delan Karmaker and colleagues, focus on the eco-efficient approach of recyeling
primarily produced objects. The integration of IoT technologies is a common theme, as seen in
"Smart City Waste Management System using [oT" by Malathy Sathyamoorthy and team, which
enhances waste disposal through sensor-equipped garbage bins, toxic gas detection, and real-

tune notifications.

Notably, "Smart Solid Waste Management System Using Blockchain and 1oT for Smart Cities" by
Mohinish Paturi and colleagues introduces a blockchain-based system with enhanced waste
segregation and user rewards, ensuring transparency and scalability. Eacn study contributes
unique insights, showeasing the multifaceted applications of 1echnology to optimize waste
management practices globally. From improved route optimization to odor sensing and deep
learning forecasting, these projects collectively offer a nich tapestry of solutions for more effective,

sustainable, and technologically advanced waste management systems,
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2.3 Literature Survey summary

In conclusion, the hterature survey provides a comprehensive overview of the innovative and
diverse approaches undertaken globally to address the challenges in waste management. The
studies discussed showcase a common thread of utilizing advanced technelogies such as ToT, GPS,
and blockchain to enhance the efficiency, sustainability, and responsiveness of waste management
systems. From smart garbage bins in Mumbai to low-cost hardware prototypes in the Philippines
and real-time monitoring systems in Tirunelvell, the studies underscore the global nature of the

issue and the need for context-specific solutions.

The integration of blockchain in waste management, as demonstrated in projects from Jaipur and
Brisbane, introduces novel concepts such as user rewards and system transparency, contributing
to the ongoing discourse on sustainable waste management practices. Collectively, these research
initiatives offer a rich source of inspiration for the development and implementation of
technologically advanced, environmentally conscious waste managemeni sysiems in diverse

settings worldwide.




3. SYSTEM DESIGN

3.1 System Design Details:

The City Waste Management System using Van Tracking is a comprehensive solution designed
to enhance the efficiency of waste collection processes. The system utilizes advanced
technologies, including NodeMCU with Neo 6m GPS modules installed in garbage vans, along
with a MERN (MongoDB, Express.js, React.js, Node.js) stack web application accessible to

municipal corporations, eitizens, and van drivers.
A)Components;

a. NodeMCU with Neo 6m GPS Module:

s The core hardware component fitted within garbage vans.
= Enables real-time tracking of van locations using GPS technology.

« Sends location data to the central server for effective monitoring.

b. MERN Stack Web Application:

* MongoDB: Database for storing van locations, user data, and complaint records.

* Express.js: Facilitates seamless communication between the front-end and back-end
components.

* React.js: User-friendly interface for municipal corporations, citizens, and van drivers to
access and interact with the system.

* Node.js: Server-side scripting for managing requests and responses.




B)Functionalities:

Municipal Corporation Portal:

Allows municipal corporations to register vans, view real-time van locations, and manage

waste collection routes.

Provides a platform to address and resolve citizen complaints related to waste

mana gﬁmﬂl'lt.

Citizen Portal:

Enables citizens to register complaints regarding waste collection issues.

Allows citizens to track the status and location of registered complaints in real-time.

Van Driver Portal:

Allows van drivers to view assigned routes and real-time locations.

Facilitates communication with 1aunicipal corporations for route optimization and issue

C) Workflow:

Data Colleetion:

Van GPS modules collect real-time location data.

Complaints and registration information are stored in the MongoDB database.

Server-side Processing:

WNode.js server processes requests and communicates with the MongoDBE database.

User Interaction:

React,js provides a dynamic and interactive interface for municipal corporations, citizens,

and van drivers.

10




»  Mapping and Visualization:

React Leaflet mtegrates mapping features, allowing users to visualize van locations,

routes, and complaini data.

* Responsive Design:

Tailwind CSS ensures a visually appealing and responsive design for a seamless user
experience.

The City Waste Management System offers a holistic approach, enhancing communication
and transparency among municipal corporations, citizens, and van drivers for effective

waste managemernt,

Algorithm for City Waste Management System using Van Tracking
1.Initialization:

» Start the system by initializing the NodeMCU with the Neo 6m GPS module installed in
the garbage van.
¢ Initialize the MERN stack (MongoDB, Express.js, React, Node.js) web application for

municipal corporation, citizens, and van drivers.

2. Data Collection;

¢  NodeMCU collects real-time GPS data from the Neo 6m GPS module in the garbage van.
+ Send GPS data to the server through the Express.js APL

3. Database Management:

= Store GPS data in the MongoDB database {or historical tracking and analysis.
¢ Maintain separate collections for van routes, citizen complaints, and municipal

corporation information,
4. Van Tracking:

e Van driver can log in to the system using the web app.

¢ Display real-time location of the garbage van on the map using React Leaflet.

» Perindically update the van's location using WehSocket communication.
11
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Citizen Interaction:

+ Citizens can register and log in to the web app.
*  Report waste-related issues or complaints with location details.

* Display reported complaints on the map for municipal corporation and citizens.
6. Municipal Corporation Access:

* Municipal corporation officials ean log in to the system through the web app.
* View real-time location of garbage vans on the map.

* Access a dashboard displaying statistical information about waste collection efficiency.
7. Complaint Handling:

*  Van drivers can view and acknowledge citizen complaints assigned to their route.
* Update the status of each complaint (e.g., resolved. in progress) in real-time. o Municipal
corporation officials can assign and monitor complaint resolution progress.

8. Map Visualization:

* Use React Leaflet to render an interactive map in the web app.
* Customize map markers to differentiate between garbage wvan locations and
citizenreported complaints.

* Implement zoom and pan functionalities for better map navigation.
9. User Interface Styling:

* Ulilize Tatlwind CSS for congistent and responsive styling across the MERN stack web
app.
* Design a user-friendly interface for citizens, van drivers, and municipal corporation

officials.
10. Error Handling and Logging:

= Implement error handling mechanisms at every stage of data processing.

* Log errors and exceptions for debugging and system improvement.
11. Security Measures:

* [mplement user authentication and authorization for secure access.

* Encrypt sensitive information during data transmission.

12




Summary of Section:

The City Waste Management System using Van Tracking is designed to optimize waste collection
processes within urban areas. The system employs a robust architecture, combining hardware and
softwar= components to streamline operations. A NodeMCU, integrated with a Neo Am GPS
module, is strategically placed within each garbage van, providing real-time location tracking.
This hardware solution ensures accurate and efficient monitoring of van movements, allowing for
effective waste management.

On the software front, the system features a MERN stack web application accessible to municipal
corporations, citizens, and van drivers. This comprehensive platform serves as a centralized hub
for registering and tracking complaints related to waste management. Municipal authorities can
seamlessly manage and monitor these complaints through the web app. The inclusion of React
Leaflet for mapping enhances the user experience, offering an intuitive visual representation of
complaint locations,

The MERN web app integrates seamlessly with the hardware, allowing van drivers to update their
current location, facilitating a synchronized and optimized waste collection process. Citizens can
register complaints through the uvser-friendly interface, while also monitoring the status and

location of their registered complaints in real-time,

System Development:

The City Waste Management System using Van Tracking is a forward-thinking project that
integrates NoaeMCU and the Neo 6m GPS module within garbage vans, enabling real-time
tracking for optimized waste collection routes. Our MERN stack web app. adored with React
Leaflet maps and styled with Tailwind CSS, serves as a unmified platform for municipal
corporations, citizens, and van drivers. Citizens can seamlessly register and monitor complaints,
visnalizing their locations on an interactive map, while municipal corporations gain valuable

insights for strategic planning.

13
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3.1 Architectural Diagram

City Garbage Management with Van Tracking
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Fig: 3.1 System Architecture Diagram.

NodeMCU with GPS: These devices are deployed in waste collection vehicles or bins to track
their real-time location using GPS technology. NodeMCUl, equipped with GPS modules,
communicates location data to the central system.

MERN Siack: The MERN (MongoDB, Express.js, React.js, Node js) stack is used for developing
the web application. MongoDB serves as the database to store various data such as user
information, complaint details, waste collection schedules, etc. Express.js is employed as the
backend frameork to handle server-side logic and API requests. React.js is utilized for building
the frontend user interface, providing a responsive and interactive experience. Node.js serves as
the runtime environment for executing server-side JavaScript code.

Citizen Complaint System: This component allows citizens to register complaints related to waste
management issues. It includes a user-friendly interface for submitting complaints, tracking their

status, and providing feedback.
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3.1 Data Flow Diagram:

Collect data from the smart -
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Fig:3.2: DFD

The data flow in the "City Waste Management System Using Van Tracking" project is orchestrated
seamlessly, commencing with the continuous transmission of GPS data from garbage vans

equipped with NodeMCU and Neo 6m GPS modules.

This data is directed to the centrai server, built on Node.js and Express.js, where it undergoes
processing before updating the MongoDB database with real-time van locations and pertinent
details. Subsequently, the MERN stack web application, developed with React.js and Leaflet,
interacts with the MongoDB database.
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3.3 Use Case Diagram:

i CITY WASTE MANAGEMENT SYSTEM USE CASE

Get the location |

... Y
- cf_‘_‘___l:‘_m:k Waste occupied in the Bin
\ / seruer
BMpi0yEe ———— e

- e
Gt the accurate avg of bin

..-'—'—'_“—'_‘—‘—-._\_‘_‘
Jispiay map view

R
% -

p— - —

A R |

Fig 3.3: Use Case Diagram

A use case diagram for a city waste management system using van tracking could summarize the
main functionalities and interactions within the system. Here's a brief summary;

[A] Actors:

s Waste Management Staff: Individuals responsible for managing waste collection
operations.

e Van Tracking System: Technology that tracks the location and status of waste collection
vans.

s City Residents: Individuals who generate waste and interact with the waste management
system indirectly.

[B] Use Cases:

= Track Van: Waste management staff can track the location of collection vans in real-time

using the van tracking system.

« Update Van Status: The van tracking system updates the status of vans (e.g., idle, en route,

collecting) as they progress through their assigned routes.
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3.4: Sequence Diagram of user interaction:
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Fig 3.4: Sequence Diagram

In a sequence diagram for a city waste management system, you'd illustrate the interactions

between different componenis or aciors in a chronological sequence.

Initiation: The process begins with the initiation of waste collection activities, triggered by

scheduling algorithms or manual input from staff and eitizens.

Van Dispaich: Waste management staff dispatch collection vans to designated routes based on

scheduling and optimization criteria.

Van Tracking: Vans communicate their location and status updates to the wacking system

periodically as they move through their assigned routes. It is done by the municipal coroperation.
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3.5 Deployment Diagram:
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Fig 3.5: Deployment Diagram

A deployment diagram for a city waste macagement system illustrates how various components

of the system are distributed across different servers or nodes,

e GPS UI Client: This component represents the user inteiface accessible by waste
management personnel or citizens. It provides functionalities related to location tracking
and user interaclion.

s Municipal Login: This is the authentication and access point for municipal employees or
administrators. It allows them to access privileged features and data within the system.

¢ Dashboard: The dashboard component aggregates and displays essential information and
statistics regarding waste management operations. It provides a comprehensive overview
for decision-making and monitoring purposes.

e GCM (Google Cloud Messaging) Server: This server facilitates communication between
the system and mobile devices, such as push notifications for updates or alerts related to
waste management activities.

e Database Server: The database server stores all relevant data pertaining to waste
management, including user information, waste collection schedules, GPS coordinates,
and historical records.

’ » It serves as the central repository for the system's data management needs.
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3.6 ER Diagram

TA] Entities:

* Admin: Represents administrative personnel responsible for system management.
e Driver: Represents the personnel responsible for waste collection activities.

o User Complaints; Represents the complaints raised by users regarding waste management

issues,

[B] Attributes:

van _Complaint

o van id i
o mmplainl id |

@Admln o omplai nti

| = admin | |d
} ;.r.:ompialm id

Ndlesses ﬁdraqﬁns\&ss!gneu | 4]

l'. : ) Gomplalnt |
-4 @ Admm |
o z:umutaim_[u
Assigned_te | o pjtizen_id & admil‘l_ld i
location o name '

o status :
= ar 1

Resclved_by |Filed_by

(E) van | ) citizen |
| o driver_id | & citizen_id
o lecalion | @ namea
| = status | o location

Fig 3.6: ER Diagram

o  Admin: ID, email, password

¢ Garbage: ID, location, Bin, Best route, Cleaning cycle, mobile no, Adaress.

e Driver: Bin ID, Area, Status Update.

s User Complaints: ID, description, status.complaint.Name Mobile.

[C] Relationships:

Admin manages Garbage and Drivers. Drivers are associated with Garbage bins for waste

collection. Users can submit complaints related to Garbage bins, which are managed by Admins

and Driver
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4. IMPLEMENTATION

4.1: Implementation Details

1] Van Tracking Hardware: Install GPS trackirg devices in waste collection vans. These devices
could be based on GPS modules integrated with microcontrollers like Arduino or
ESP32/NodeMCLU. These devices will continiously transmit the van's Jocation data to the

central server.

2] Central Server Setup Database: Set up a database (e.g., MongoDB, PosigreSQL) to store van

location data, user information, garbage bin locations, and other relevant data.

Backend: Develop a backend server using Node.js, Python (with frameworks like Flask or
Django), or any other suitable technology. The backend will receive and process location data

from vans, manage user requests, handle anthentication, and interact with the database.

APIs; Implement RESTHul APls to facilitate communication between the frontend and backend

components.

3] Frontend Development: Web Application: Develop a web-based dashboard using technologies
like React.js, Angular, or Vuejs. The dashboard will display real-time van locations, garbage

collection schedules. statistics, and allow administrative actions.

4] Van Tracking Algorithm: Implement algorithms to optimize van routes for eflicient garbage
collection. This may involve using techniques like the traveling salesman problem (TSP) or

vehicle routing algorithms.

Integrate real-time van tracking data with the route optimization algorithm to dynamically adjust

routes based on factors like traffic conditions and bin fill levels.

5] User Interaction: Allow citizers to report garbage-related issues through a web or mobile
interface. Develop features for users to submit complaints, view collection schedules, and receive

updates on the status of their complaints.
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4.2: Code Details:
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ventHandlers={| dragend: handleMapClick

A marker dropped by the user.

~ onMapClick= handleMapClick
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Using react leaflet an open source solution to render maps.




ComplainsComp() {
ions, chian ion] = useStat
HandleChange =
changelption. val

FileComplain

ion

phones;
andl esubmit
e.preventefault();

Using axios a modern solution for handling XML HTTP requests.
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Using react-router-dom for managing routes in the single page application
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Managing mongodb using mongoose and XHR using Axios




guire]
reguirgy’

reguire

= |"i':‘l.|,'_l:_l'l.'i".' 1

ELio = require

hitp.createServerison);

socketIo{server

Using 'cors' to solve cross origin resource sharing problem also making it full proof of cross

site resource forgery and other security vulnerabilities
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Implementing WebSocket connection between nodeMCU + neo 6M gps module and express
server using WebSocketClient.h library in Arduino and broadeasting it from express server
using socket.io-server library. Also using TinyGPS++ in Arduino to connect gps medule.
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4.3: Front End:
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¥
4.4: Backend Details:
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Fig: 4.4.2: All complaints are registered and can only be revoked by user.
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4.5 Hardware Details:
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Fig:4.5.1: Outside View(Built in WiFi Module, NodeMCU ESP8266 ,Toggle
switch, Wifi Antenna, Charging port)
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NodeMCU ESP8266
Connections

NEO-6M GPS Module

Fig:4.5.2:Inside View (Toggle Switch, Litium Polymer battery, NodeMCU Connections,
NEQ-6M GPSModule, Antenna.)
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5. CONCLUSION

5.1: Conclusion

In conclusion, the "City Waste Management System Using Van Tracking" project has been a
culminaticn of innovative technelogies and collaborative efforts aimed at addressing the critical
challenges in urban waste management. The integration of NodeMCU with Neo 6m GPS modules
in garbage vans, coupled with the development of a MERN stack web application, has resulted in
a comprehensive solution that significantly enhances the efficiency and transparency of waste

collection processes.

The project's success lies in its ability to provide real-time tracking capabilities for municipal
corporations, citizens, and van drivers alike. The continuous transmission of GPS data from the
vans to the central server allows for dynamic monitoring of the entire flect, enabling municipalities
to optimize routes and allocate resources effectively. This real-time visibility fosters a proactive

approach to waste management, enhancing overall operational efficiency.

The MERN stack web application, with its intuitive interface and seamless integration of React.js,
Leatlet, and Tailwind CSS, offers a user-friendly experience for all stakeholders. Citizens can
register and track complaints transparently, while van drivers receive optimized routes based on
real-time GPS data, ensuring timely and efficient waste collection. Municipal corporations benefit

from a centralized platform that facilitates data-driven decision-making and resource allocation.

The project not only addresses the logistical challenges of waste collection but also promotes
communmity engagement by allowing citizens to actively participate in the waste management
process. The transparency provided by the MERN application fosters a sense of responsibility and
collaboration among citizens, contributing to the larger goal of sustainable and responsible waste

disposal practices.

[n essence, the "City Waste Management System Using Van Tracking" project exemplifies the
successful convergence of hardware and software solutions to tackle a pressing urban challenge.
It stands as a testament to the potential of technology-driven initiatives in creating smart and
sustainable solutions for the benefit of communities. As we conclude this endeavor, we recognize
the potential for future enhancements and the scalability of this model to address wasie

management challenges in diverse urban settings.
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5.2: Future Scope:

The future scope of city waste management systems utilizing van tracking technology is quite

promusing. Here are some potential developments and benefits;

Lfficient Routing: Van tracking can optimize waste collection routes, reducing fuel consumption
and emissions while ensuring timely pickup. Advanced algorithms can analyze real-time data to
dynamically adjust routes based on factors like traffic conditions and the volume of waste at

collection points.

Resource Optimization: By tracking the movement of waste collection vans, authorities can
optimize the allocation of resources such as personnel and equipment. This ensures that the right
amount of resources is deployed to arcas with higher waste generation, improving overall efficiency

and cost-effectiveness.

Data-Driven Decision Making: Van tracking generates a wealth of data that can be analyzed to gain
insights into waste generation patterns, collection efficiency, and areas requiring intervention. This
data-driven approach enables informed decision-making for future waste management strategies

and infrastructure planning.

Enhanced Service Quality: With van tracking, authoriiies can monitor the performance of waste
collection contractors more effectively, ensuring compliance with service level agreements and

standards. This leads to improved service quality and customer satisfaction.

Environmental Benefits: By optimizing waste collection routes and reducing unnecessary trips, van
tracking contributes to lower fuel consumption and greenhouse gas emissions. Additionally,
efficient waste management practices can minimize the environmental impact of landfills and

promote recycling and composting initiatives,

Public Engagement and Transparency: Transparency in wastc management operations, enabled by
van tracking technology, fosters public trust and engagement. Citizens can track the movement of
waste collection vans in real time, providing visibility into the city’s efforis to manage waste
effectively.

Overall, the future of city waste management systems using van tracking technology holds great

promise for enhancing efficiency, sustainability, and quality of life in urban environment.
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