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ABSTRACT: 

A smart waste bin when combined with an 
efficient routing algorithm and a good 
central management helps to create an 
effective waste management system. This 
paper introduces an innovative way of using 
a smart integrated sensing system that will 
help to automate the waste management 
process along with collection. The proposed 
waste bin is made smart through different 
sensors (ultrasonic-level, weight and gas 
sensors) to sense the level of thrash in the 
bin, weight of the thrash collected and the 
presence of alcohol(CO2) in the thrash. 
These sensor data are sent to the server and 
is continuously monitored using a webpage. 
Hence the bin is marked as “Ready to be 
picked up” when either the maximum waste 
level of thrash in bin or maximum weight 
capacity of the bin or maximum level of 
alcohol(CO2) in the bin is reached. Another 
major problem in the system is to efficiently 
plan the route for pickup for the bins that 
are ready. In this paper, a heuristic 
algorithm is proposed to solve this 
capacitated arc routing problem (CARP) 
considering multiple trips for the available 
vehicles, capacity of the vehicle, capacity of 
the bins to be collected, etc., The best route 
is suggested with the objective to minimize 
total traversed distance and total usage cost 
of vehicles using this algorithm. The waste 
management application allows the admin 
to authorize the routes for the drivers.  

Keywords: Smart bin, routing, 

management 

1 INTRODUCTION 
 
Internet of Things (IoT) has taken priority in 

research among the technical communities due 

to the advances and popularity in sensing, 

exchange of information and control.  IoT is a 

broad domain providing many services, such as 

smart waste collection system for making a city 

smart, healthcare observation, transportation 

facility, logistics department to find vehicles or 

packages, etc. IoT allows to operate remotely 

through network framework, generating new 

opening for more direct incorporation of the 

physical world into computer-based systems, 

and enhances perfection, accurateness and 

financial benefits. With IoT, the technology 

(sensors and actuators) has become 

sophisticated to create smart and intelligent 

systems. Constant rise in population has led to 

difficulty in maintaining the cleanliness of 

public areas and has made garbage 

management to degrade. This lead towards an 

unhygienic environment and is responsible for 

various types of disease in the locality. To 

eliminate the healthcare issues and improve the 

cleanliness, an ‘IoT-based garbage 

management system’ uses Internet of Things 

(IoT) to build a smarter and a healthy city. 

According to the Central Public Health and 

Environmental Engineering Organization 

(CPHEEO), the waste creation in India is 

leading to 27 million more tons of waste than 

the US per year because of large population. 

Government of India has been trying for years 

to get a way out to handle the country’s ever-

growing amount of trash. A smart and efficient 

way to collect the thrash includes optimal 

planning in collecting, management, and 

disposal of urban waste to yield multiple 
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improvements in both total cost and health. In 

routing problems related to the urban wastes 

collection, a series of predefined edges is 

existed with positive or zero demand and the 

objective is to find the best tours covering all 

required edges (edges with positive demand)-

Capacitated Arc Routing Problem (CARP). 

This classic CARP, is an NP-hard problem. 

Hence, a constructive heuristic algorithm is 

proposed in this paper. 

 

IoT makes our live easier as the objects are 

having brain (sensors help in making decisions) 

and communicate using wireless networks for 

helping us make better choices. The sensors are 

placed on the common bins (dustbins) that are 

placed on the common public places. When the 

waste attains the defined level of the sensor, a 

specific signal goes to microcontroller. The 

controller then gives indication by sending 

notification to authorities about the status of the 

bin for further action. GSM technology is used 

for the same notification purpose. These 

collected data are sent to server and after 

processing, the corresponding information is 

transmitted to municipality or persons 

responsible for waste collection of the city 

through app notification. The responsible 

person can check the status of bin by accessing 

server at any time. As the condition of all waste 

bins is known to the authority they can collect 

waste according to the path suggested by the 

heuristic algorithm (to optimize the direction 

and schemes of waste collection logistic) so 

that minimum fuel and vehicles are required to 

collect the waste. The rest of the paper is 

organized as follows. The next section presents 

the background information. System 

description is presented in the following 

section, followed by explanation of the routing 

algorithm in the subsequent section. The paper 

is concluded in the final section. 

 

 

 

1.1 Background 
 

There is a prediction that by 2050 around 70% 

of the world’s population, over six billion 

people, might reside in and around cities. This 

clearly gives us the need and demand for cities 

to be smart, to provide suitable services and 

infrastructure along with the economic growth, 

social, and environmental well-being to its 

population. Internet of Things (IoT) and their 

applications have been gaining importance in 

Smart City solutions. Therefore, to cope with 

such high density of population, service 

automation is a mandate that needs to be 

achieved. In the process of developing the 

system, some of the characteristics of smart 

waste management system are considered. The 

intelligent sensor-based waste bin would 

estimate the level, weight and dreadful smell of 

waste in it and send the notification directly to 

the central management when it is ready for 

pickup. The system works by collecting data 

from sensors, transfers it to remote servers 

where they are stored, processed and used for 

tracking, supervising and ultimately making 

intelligent decisions for infrastructure or 

service management. Today the combination 

of smart phone and internet boost the 

capabilities of information technology to a 

large extent. The work uses a dedicated app for 

this purpose. Using this application, central 

management takes decision which trash bin to 

be cleared first.  

2 LITERATURE SURVEY 
Debajyoti Misra, Gautam Das, 

Triankur Chakrabortty, Debaprasad Das  has 

proposed “An IoT-based waste management 

system monitored by cloud” [2]  that predicts 

the chance of overflow of the waste bin before 

it occurs so the environment is maintained 

clean from stink. Ultrasonic-level sensors takes 

to sense the level of waste in a waste bin. The 

proposed system can sense the waste level and 

intensity of bio-gas generated in the municipal 

area. The information collected by sensors is 

sent over the internet to a server where it is 
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stored and processed. This information is then 

used for monitoring the waste bins and 

decision to pick up the bin is made. The 

essential characteristics of this scheme are that 

it is planned to learn from experience and to 

make conclusion not only on the daily waste 

level status but also forecast future state.  This 

helped to understand the efficient collection 

process which saves money, manpower and 

time.  

Labib S M proposed Volunteer GIS 

(VGIS) Based Waste Management [7] that 

provides a common platform for citizens’ 

active participation in waste management, and 

also help bridge the gap between citizens and 

local government, thus would open 

opportunities for active e-governance. Geo-

location of Dhaka city is studied, and the areas 

are divided into several wards based in city 

corporations numbers and the wards are 

differentiated based on their jurisdiction areas. 

The boundary of each words are collected as 

GIS shapefile from Dhaka city corporation 

office, later on these are converted in JSON 

format for overlaying with the Google map 

interfaces. Based on the report from an 

volunteer the admin and update the collection 

schedule. A full functional interactive Geoweb, 

for the volunteers who want to contribute in the 

waste management system provides real time 

data about waste related problems. Allow 

people to get general waste management 

related information like collection schedule. 

Erfan Babaee Tirkolaee, Iraj Mahdavi , 

Mir Mehdi Seyyed Esfahani focuses on the 

optimal scheduling and routing of vehicles in 

periodic capacitated arc routing problems in 

their work  “A robust periodic capacitated arc 

routing problem for urban waste collection 

considering drivers and crew’s working time” 

[5]  which is one of the major decisions in 

organizations such as municipalities in the 

context of the urban waste collection. This 

model aims to minimize total traversed 

distance and total usage cost of vehicles over a 

planning period. To solve the problem, an 

improved hybrid simulated annealing 

algorithm (SA) is developed based on a 

heuristic algorithm. It has been proved that the 

performance of the proposed algorithm is 

acceptable in comparison with the exact 

solution method. This also provided some 

applicable results according to the model of the 

integrated problem by considering working 

times, planning horizon and uncertainty of 

demand in order to cover the gaps in the 

literature and create a managerial tool to be 

helpful in decision making processes. 

Aksan Surya Wijaya, Zahir Zainuddin 

and Muhammad Niswar proposed a system 

“Design a Smart Waste Bin for Smart Waste 

Management” [1] aims to understand the Smart 

Waste Collection Routing Problem and the 

algorithm developed here considers the use of 

real-time information on the bins’ fill-level to 

define dynamic routes. Genetic Algorithm is 

used to solve the travelling salesman problem 

for waste collection. Ultrasonic sensor which is 

placed on the top of bin collects the data and 

transmit to server side through GSM/GPRS 

shield. At sever end all information is stored on 

to database. Based on database plan for 

optimized path using genetic algorithm. 

Jose M. Gutierreza, Michael Jensenb , 

Morten Heniusa and Tahir Riazc have 

proposed  ”Smart Waste Collection System 

Based on Location Intelligence[6] that details 

on Shortest Path Spanning Tree (SPST) and 

Genetic Algorithm (GA) approaches for 

routing algorithm for the collection process. 

The SPST is used for calculating the minimum 

distance between points and GA to minimize 

the driving distance for visiting the selected 

cans and returning to the headquarters. 

3 SYSTEM DESCRIPTION 
 

In this work, we have considered 

ultrasonic-level sensor takes to sense the level 

of waste in a waste bin, because during 

experiment it is found that ultrasonic sensors 
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provide longer range than IR sensors. It is also 

found that the IR sensors get affected by 

sunlight, color of object and hardness of object. 

The intelligent sensor-based waste bin would 

estimate the level, weight of waste in it, 

presence of CO2 need to be detected and 

notifications need to be sent to the central 

management for appropriate action. The 

concept proposed uses ultrasonic-level sensor 

takes to sense the level of waste in a waste bin, 

a load sensor to sense the weight of the thrash 

and a gas sensor to sense the level of 

alcohol(CO2) in the air. The information 

collected by sensors is sent over the internet to 

a server where it is stored and processed. This 

information is then used for monitoring the 

waste bins using a web page and notifications 

is sent to the admin once the bin reaches the 

maximum level or weight or CO2 level. The 

essential characteristics of this scheme are that 

it is planned to learn from experience and to 

make conclusion not only on the daily waste 

level status but also forecast future state, 

availability of vehicle near the site and other 

affecting factors. As a part of future work, the 

chance of getting a waste bin filled up can be 

analyzed depending on past data and the 

overflow of the waste bin is predicted before it 

occurs. For all the bins that are ready to picked 

up, a heuristic algorithm is used for efficient 

routing of the garbage pickup trucks. The route 

could be accepted or rejected by the admin. The 

webpage will tell the status of the bin at all 

times and will have all information about the 

vehicles available for pickup. 

 

The following figure (Fig 1) explains the 

system architecture: 

 

 
Fig  1: Waste Management System 

Architecture 

The system architecture of garbage monitoring 

system using IOT comprises three modules 

namely, 

1. Smart bin with sensors (hardware) 

2. Bin-Server Communication 

3. Waste Management application 

3.1 HARDWARE SYSTEM 
 

Microcontroller and sensors 
 

The Arduino UNO is a widely used open-

source microcontroller board based on the 

ATmega328P microcontroller and developed 

by Arduino.cc . The board is equipped with sets 

of digital and analog input/output (I/O) pins 

that may be interfaced to various expansion 

boards (shields) and other circuits. The board 

features 14 Digital pins and 6 Analog pins. It is 

programmable with the Arduino IDE 

(Integrated Development Environment) via a 

type B USB cable.[4] It is similar to the 

Arduino Nano and Leonardo. It can be powered 

by USB cable or by an external battery. 
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Ultrasonic Sensors  

 

The garbage level is obtained by measuring the 

distance from the top of waste bin to the waste 

by sonar. The ultrasonic sensor (Fig 2) used in 

the model is HC-SR04. The range is from 2.0 

to 400 cm with 3.0 mm accuracy, which is 

suitable for practical waste bin.. The module 

includes ultrasonic transmitter, receiver and 

regulator circuit. The length of the trashcan is 

fixed to a particular level. Before using the 

trashcan, a predefined threshold level is fixed 

and programmed in the Arduino Pro Mini to 

calculate the overflow condition of the bin. A 

decision is taken through the software program 

and warning message is sent to the 

corresponding authority if waste level in the 

bin reaches the threshold level.  

 

Gas sensor (MQ-3) 

 

Practically, the gases produced in waste bins 

are methane (CH4) ammonia (NH3), hydrogen 

sulfide (H2S), carbon dioxide (CO2) and 

carbon monoxide (CO). However, methane, 

carbon dioxide and carbon monoxide are 

odorless gases and ammonia and hydrogen 

sulfide produce pungent smell.  

This is a sensor (Fig 3) that is not only sensitive 

to alcohol, particularly It will detect some 

unwanted smell occurs in the environment. 

More alcohol leads to more carbon dioxide 

content and is a good indication for gas 

pollution. This sensor provides an analog 

resistive output based on unwanted gas 

concentration. When the gas exists, the 

sensor’s conductivity gets higher along with 

the gas concentration rising. It is suitable for 

various applications of detecting alcohol at 

different concentration. For our project, it can 

function as a pollution indicator. 

 

Weight Sensors (Load cell, ADC-HX711) 

 

 

 

This weight sensor shown in Fig 3, is 

applicable to electronic scale, price 

computering scale, electronic platform scale, 

digital scale, parcel post scale, electronic 

balance and all varieties of commercial scales 

by single load cell.  
Specification: 

 Capacity: 50KG 

 Rated output(MV/V): 2.0±0.15 and 

Accuracy class: C2 

 Maximum number of load cell 

verification intervals (N max): 2000 

 Minimum number of load cell 

verification intervals(Vmin): 

EMax/5000 

 Combined error(%RO): <±0.030 

 Creep(%RO/30min): 0.03 

 

3.2 IoT Board 
 

The IoT allows objects to be sensed and/or 

controlled remotely across existing network 

infrastructure, creating opportunities for more 

direct integration of the physical world into 

computer-based systems, and resulting in 

improved efficiency, accuracy and economic 

benefit. IoT board featured with SIM900 GPRS 

modem to activate internet connection also 

Fig  3: Load/ Weight Sensor 
Fig  2: Ultrasonic Sensor 
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equipped with a controller to process all input 

UART data to GPRS based online data. Data 

may be updated to a specific site or a social 

network by which the user can able to access 

the data. 

 

Features: 

• Power Supply: DC +12v 1Amp and 

Auto data updating: 30s  

• Digital Output port Pins: +5V DC  

• Message Format: *message or Data # - 

(Start with * and End with #)  

• Provided with 3 links  

• Data updating to a specific web site 

• Device controlling web site  

• Data updating to a social network  

3.3 Server 
 

The waste bin data are collected and transferred 

to database server using Wi-Fi. The server is an 

open-source “Internet of Things” application 

and application programming interface (API) 

to store and retrieve data from things using 

HTTP over the internet. Using the server, we 

can create sensor logging applications, location 

tracking applications, and a social network of 

things with status updates. Each channel feeds 

support JSON, XML, and CSV formats for 

integration into the applications. 

The server is also interfaced with web 

application. The app enables us to visualize our 

data channels in an easy way. Just entering the 

channel ID we can view the waste bin status, 

i.e., fullness and gaseous condition. By 

observing these two conditions, the responsible 

authority can take suitable action, i.e., to 

instruct the garbage truck or dustbin lorry for 

cleaning. This data flow is explained in the 

flowchart shown in Fig 6. 

 

Fig  4: IoT Board 

Fig  6: Flowchart of the smart waste collection 

system 

Fig  5 Smart Bin with sensors 
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3.4 Routing Model development 
 

This section explains on how to plan the 

collecting of bins that are ready. The problem 

is to determine the optimal number of vehicles 

the optimal tour for each vehicle including 

possible multiple trips which minimizes the 

usage cost of vehicles and the traversing cost of 

all traversed edges in all time periods of 

planning. In this problem, the vehicles are in 

the depot, firstly. They begin their tour to 

service the required edges through collecting 

wastes and then, return to the depot after filling 

their capacity. The capacity constraint of 

vehicles and their maximum available times 

result in determining the number of required 

vehicles. In fact, drivers and crew’s working 

time denotes the maximum available time 

considered for each vehicle.  

 

Problem assumptions 
 
The algorithm has some limitations and 

assumptions that are detailed below. 

 The objective function, in addition to the 

minimization of traversing cost of the 

edges, is to minimize the number of 

required vehicles to meet the total demand. 

 Only one depot is considered in the 

problem. 

 The starting point for all the vehicles is 

restricted to one point 

 The depot and starting point are assumed 

to be the same location 

 The vehicles are homogenous, and the 

graph network is asymmetric. 

 Each vehicle begins the tour from the 

starting point and returns to the depot. 

 Each type of vehicle has a unique average 

speed and waste loading/unloading time 

on each edge. 

 Vehicle usage cost is the cost paying to the 

driver and fuel cost for each vehicle. 

 Each vehicle has a maximum duration of 

service denoting the working time of its 

driver and crew. 

 Each vehicle may have multiple trips. 

 

Due to the high degree of the problem 

complexity and also, considering uncertainty in 

the constraints of the proposed model, solving 

the problem by the exact method is only 

possible in small size problems. Therefore, in 

this section, a heuristic algorithm developed to 

solve the problem approximately. The heuristic 

algorithm is implemented to generate some 

initial solutions sorted based of the shortest 

distance to service the bins. The traversing cost 

between two required bins is the shortest path 

between them which has been determined by 

Distance Matrix lat long algorithm (Google 

APIKey -Dijkstra algorithm).The best solution 

or any other solutions can be chose by the 

admin and assigned to a particular vehicle. 

 
Mathematical Implementation 

In this section, the mathematical model of the 

proposed problem is presented. For this 

purpose, sets, parameters, and variables are 

defined firstly.  The goal of the algorithm is to 

achieve the min Cost as low as possible 

Sets 

V: Set of the nodes in the graph network 

K: Set of the vehicles 

E: Set of all the edges defined in the network 

T: Set of trips 

Parameters 

𝑑𝑖𝑗: Traversing distance of the edge (i,j) ∈ E 

𝑐𝑣𝑘: Usage cost of kth vehicle 

𝑊𝑘: Capacity of kth vehicle in each trip 

Decision variables 
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𝑥𝑖𝑗𝑘
𝑡 ∶ 1 if edge (i,j) ∈ E is traversed by tth trip 

of vehicle k in trip t, otherwise 0. 

𝒖𝒌𝒕: 1 if vehicle k is used in trip t, otherwise 

0. 

𝑴𝒊𝒏𝑪𝒐𝒔𝒕 =  ∑ ∑

𝒌 ∈𝑲

 ∑

𝒕 ∈ 𝑻

  𝒙𝒊𝒋𝒌
𝒕  𝒅𝒊𝒋

(𝒊,𝒋)∈𝑬

+  ∑ 𝒄𝒗𝒌

𝒌∈𝑲,𝒕∈𝑻

𝒖𝒌𝒕 

 
The Heuristic algorithm 
 

A constructive Heuristic algorithm is applied 

with detailed execution steps in the following: 

 

Step 1: Select all the bins that are ready to be 

collected. Each bin will be a node. 

Step 2: Choose the demand parameter (future 

work). For now, shortest distance will be the 

only parameter for consideration. 

Step 3: Calculate the number of trips based on 

the to be picked up bin capacity. If the bins has 

capacity ‘c’ while a truck has capacity ‘C’, then 

the truck can load waste form maximum C / c 

bins. 

Step 4: Admin chooses the vehicle for 

allocation of trips. Based on the allocation we 

will now have the total number of routes to be 

generated 

Step 5: Choose the first trip 

Step 6: Sort the available bins as per shortest 

distance from the starting point of the vehicle. 

This is to make sure that the minCost is as low 

as possible 

Step 7: Choose the bin with shortest edge and 

add it to the trip. Remove the bin from the 

available bins and move the vehicle’s starting 

point to the selected bin’s location 

Step 8: Repeat steps 4,5 until the vehicle 

capacity (𝑊𝑘) is reached or if there are no more 

bins 

Step 9: Display the route generated for the 

vehicle for the admin to approve 

Step 10: If there are any more bins to be served, 

select the next available vehicle or add a new 

trip to the already selected vehicle and repeat 

steps 4 to 8 until no more bins are there to be 

served 

When the Heuristic algorithm ends, the best 

solution will be suggested for the admin to 

choose. 

 

3.5 Case Study 
 

 

 

The first graph (Fig 7) shows the waste bin 

status throughout the day from 12AM to 8PM. 

By analyzing data it is found that trashcans are 

filled more at evening than noon. The 

concentration of stinky is also more at evening. 

Therefore, it is required to clear more number 

of waste bins in the morning as soon as the 

crew arrives, compared to noon and evening. 

Depending on the time of a day, waste bin fills 

up to different levels. We have employed a 

strategy so that the trashcans are collected 

effectively, and the staff/vehicle requirement 

will be reduced resulting in cost effective 

efficiency.  

Fig  7 Waste Bin Status monitoring 
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The second graph (Fig 8) shows the 

effectiveness achieved the distance travelled by 

the trash pickup vehicles over a period for the 

same set of bins in comparison with the usual 

periodic capacitated routing algorithm.  

4. CONCLUSION AND FUTURE WORK 
 
This paper presents a smart garbage collection 

system for a city. The model is based on an 

Internet of Things sensing trashcan which 

measures the waste level and presence of bad 

smell gases and sends this information to a 

server for storage and processing over the 

internet. These data help to create an efficient 

collection process which saves money, 

manpower and time. The efficiency and 

economic feasibility of the system are 

represented in detail. It reduces chance 

overflow, as data is continuously monitored, 

and the authority is aware of dustbin’s physical 

condition. As the bad smell starts to generate, 

information reaches to responsible authority so 

that they can take necessary action. The 

optimal scheduling and routing of vehicles 

using the heuristic algorithm optimizes the total 

cost in planning and scheduling of vehicles by 

reducing the number of required vehicles and 

determining the optimal routes. The objective 

of maintain a clean and healthier city is thus 

achieved. 

As an extension to this research work, we 

propose to use special cameras so that the type 

of waste can also be recognized, and 

appropriate decisions can be made. Also, 

predictive analysis could be made on how 

quick the bin will fill and plan the routing for 

the bin pickup accordingly so that more 

efficiency in fuel and time is achieved. This 

will help to use the vehicle capacity in max. 

Also a mobile application can be developed for 

the drivers to update the bin status after pickup 

and also help them with easy navigation. 
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