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ABSTRACT 

What you do today determines your tomorrow; not having an efficient disposal strategy today will lead to a trashy 
tomorrow. Noting and implementing a robust mechanism for disposal is what this paper aims at. This project works on an 
integrated sensing system which involves gathering details of parameters that help us in being aware of the condition of 
dustbin using sensors and updating the inputs received from the sensors to an IOT based server using Raspberry-pi so that 
that the information can be accessed from any remote device by waste handlers and from the information received by the 
waste handlers help them decide whether a particular area needs immediate cleaning or not and also if an area needs extra 
litter bins to be placed nearby or removal and relocating existing litter bins to other places where they are needed so as to 
handle waste effectively. Dustbins are fixed with sensors which are further interfaced with microcontroller and based on 
the information received from sensors it notifies the status of the bin to the municipal corporation. This results in 
automation of the process of waste management. The data thus collected can also be used in data analytics which helps in 
the precise estimation of the condition of bin beforehand.  
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INTRODUCTION 

There is a recent surge in towns and cities to 
becoming smart cities which also proportionately demands 
clean societies. Efficient management of waste has always 
been one of the major concepts of smart cities. For the 
growth of economical residential areas we need a 
challenging solution because amongst total budget allotted 
to waste management 85% is spent on waste collection 
and transportation [1], This is because we cannot 
accurately predict when a dustbin needs cleaning so to 
maintain cleanliness and prevent overflowing of bins they 
are more frequently cleaned sometimes even when they 
aren’t half full leading to wastage of fuel for trucks 
thereby leading to allocation of more budget as stated 
above [1]. By optimizing and automating the waste 
collection process we can reduce the collection rate and 
transportation cost [2]. Without a proper disposal methods 
and lack of timely check on waste management can lead to 
flooding of waste bins which can be observed very often 
in our neighborhoods which leads to pollution and harmful 
diseases [12]. The most viable remedy to this would be 
having an automated mechanism which is set to a timely 
check of waste bins and inform authorities if any action 
needed. Our project aims at developing an efficient waste 
disposal strategy keeping in view the proliferating rate of 
smart cities. The main reason for the poor waste 
management is the ineffective waste disposal strategy 
followed by many cities/towns. Now let us look at the 
existing waste disposal system so that we better 
understand the immediate need of our proposed system. 
 
EXISTING SYSTEM 

Traditionally waste bins are emptied at certain 
intervals by cleaners [13]. There is no direct information 
regarding dustbin in this case. One has to go to the bin 
physically to know its condition at certain intervals. This 
method has several drawbacks such as: 
 

 Some wastage bins fill up much faster than the rate of 
emptying and they are full before the next scheduled 
time for collection .This leads to overflowing of waste 
and poses hygiene risks [13]. 

 There are special periods (e.g. festivals, weekends, 
and public holidays) when certain wastage bins fill up 
very quickly and there is a need for increased 
collection frequency [14].  

 There is no proper monitoring of the system by 
authorities as it takes lot of pain to visit each dustbin 
and check the condition leading to wastage of time 
and man-power. 

 The overflowing bins acts as breeding grounds for 
several disease vectors like mosquitoes ,house flies 
causing harmful diseases like diarrhea, malaria etc. 
[3]. 

 
Keeping in view all the above mentioned 

drawbacks our system aims at providing decent solutions 
to them. 
 
PROPOSED SYSTEM 

In our model a sensor node is installed in every 
E-Waste Management bin. It senses bin’s fullness and 
report readings and sensor statuses to website by using 
Ethernet Shield (IOT Cloud).The bin weight is measured 
by using weight sensor and fullness is checked by IR 
sensor and the presence of harmful gases is measured 
using gas sensor [11]. Cleaning trucks are sent only if the 
bin is sensed to be full. The following are advantages of 
our system over the present system: 
 
 E-Waste Management providers are able to identify 

and decide whether a particular dustbin needs 
immediate emptying or not regardless of the time 
interval sitting at their office only. 

 This model can also smoothly handle special periods 
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like festivals when certain wastage bins fill up very 
quickly and there is a need for increased collection 
intervals. 

 This system provides transparency so that authorities 
can view if the dustbins are emptied timely and can 
monitor situation effectively and comfortably. 

 The data provide in website will let the municipal 
corporation people aware of the areas that would 
require immediate disposal and help them send trucks 
to that specific area only which saves them lot of fuel 
and time rather than disposal at specific intervals. 

 
This paper proposes a solution based on IOT for 

effective collection of wastes. The information of waste 
bins will be linked with collecting vehicles and the system 
will use cloud based server to store the information and 
raspberry pi for receiving sensor input and taking relevant 
action based on bin parameters [4]. 

Keeping in view all the above mentioned 
advantages we feel the immediate need for implementation 
of our system in smart cities.  
 
System block diagram & design 
 

 
 

Figure-1. Transmitting node. 
 
TRANSMISSION NODE 

The transmission node is divided into three 
important parts. They are: 
1. Sensing unit 
2. ADC and interfacing unit 
3. IOT  
 
A. Sensing unit 

This unit consists of sensors like IR sensor, Load 
Cell and Gas sensor which helps in interpreting condition 
of the bin [11]. The sensors deployed primarily receive 
inputs from the bin and sends then to the microcontroller 
for processing and decision making. 

The following are the different sensors we used: 
 
a) IR Sensor 

IR sensor is an infrared sensor which has an 
infrared led and an infrared photo diode. The led sends 
infrared radiation and if there is any obstacle the infrared 
radiation is reflected back which is detected by photo 
diode and generates a high output and if there is no 
obstacle the infrared radiation is not reflected back leading 
to generation of a low output. The infrared sensor thus 
helps in checking the proximity of sensor and generates a 
high output if there is an obstacle and low output if there is 
no obstacle. Infrared sensor is attached to lid of the dustbin 
facing downwards. The reason behind using IR sensor is 
that is the dustbin is full it detects an obstacle and 
generates a high output [5]. 
 
b) CO2 Sensor 

CO2 sensor shown in [6] is a chemical optical 
sensor utilizing the acidic nature of CO2 for detection. It 
consists of a gas-permeable membrane in which a pH-
sensitive luminescence dye which is immobilized together 
with a buffer and an inert reference luminescent dye are 
present. CO2 permeating into the membrane changes the 
internal pH of the buffer. With this change the 
luminescence of the pH-sensitive dye changes 
conductivity and generates a high output. The main reason 
behind using CO2 sensor is that dustbins also contain 
degradable waste which on decomposing leaves bad smell 
and harmful gases like carbon-dioxide, methane etc. 
Leading to unhygienic conditions at the dustbin. The bad 
smell attracts disease causing vectors like mosquitoes and 
house-flies which causes fatal diseases like malaria, 
dengue etc. Many studies also shown that landfills and 
dustbins are major sources of pollution [12]. CO2 sensor 
also has capability to detect gases like methane, butane 
etc. The gases produced like methane, butane are also 
highly inflammable which is main reason for fire in the 
dustbins this gas sensor can detect accidental fires in the 
dustbins. 
 
c) Load cell (Weight sensor) 

Weight sensor also known as load cell measures 
the strain applied on the sensor .The load cell that we are 
using is a beam type load cell which has resistors which 
increase their resistance on stretching and also decrease 
load on shrinking, These resistors are made use by the load 
cell to find out the weight of the object. To set the 
threshold value we need to calibrate the sensor mentioned 
as in [8] [10]. 

The main purpose of using [7] weight sensor in 
our project is to check the weight of the dust-bin and if the 
weight if more than some expected value it needs 
immediate cleaning .Weight sensor is also used to interpret 
if the dust-bin is less or more than half filled which is used 
in specific conditions. This sensor is attached at the 
bottom of the dust-bin such that the weight of dust-bin 
falls on it.  
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B. ADC and interfacing unit 
Although we employed digital sensors like gas 

and ir, we also require weight sensor which gives analog 
output. The problem with this sensor is that it gives a very 
low output voltage (few mV) .So first we have amplified 
the output of the weight sensor to sufficient level because 
the microcontroller cannot detect such low voltage. So, for 
it to be detected by the microcontroller we have to amplify 
the output of the weight sensor to around 5V. To do this 
amplification process we used an operational amplifier 
(IC741) which amplifies the signal and gives output high 
enough to be able to be detected by the microcontroller. 

Now we have sufficient analog output but the 
main problem here is Raspberry-pi -The microcontroller 
which we proposed on using can only process digital 
inputs. So, for the weight sensor to be processed by 
Raspberry-pi we have to convert the analog output of 
weight sensor to digital. To do analog to digital 
conversion, we are using atmega328p-pu microcontroller 
which has an in-built ADC. The atmega328p-pu is 
programmed to behave like ADC (analog to digital 
convertor). Now we fed the amplified analog output of 
weight sensor to atmega328p microcontroller. We have 
coded the microcontroller to convert analog input into 
digital signal. 

We have also connected the ATMEGA328P-PU 
microcontroller with IR and GAS sensors which are digital 
sensors. The values of IR and GAS sensors are processed 
by the microcontroller directly. For example if IR sensor 
gives high output, gas sensor gives low output and the 
analog to digital converted value of weight sensor is 20 
then the microcontroller process the information and 
converts it into string in the form of “I:1,G:0,W:20” and 
transfers it serially to the Raspberry-pi. In the above string 
I1 signifies IR sensor is high which implies that obstacle is 
detected, G0 signifies that gas sensor gives low output 
which implies that no harmful gas is detected, W20 
implies that the digital value of weight sensor is 20kg. We 
can change the structure of displaying output as we like. 
Now this information is sent serially by atmega328p-pu 
microcontroller to raspberry-pi [11]. 
 
C. IOT 

The trio of embedded systems, sensors and 
internet allows us to link the physical world with the cyber 
world expanding internet to internet of things [9]. To 
increase efficiency of the system and to reduce manual 
effort, internet of things plays a major role. This paper 
describes the role of IOT for an effective waste 
management system. The inability for embedded systems 
to network with limited memory has widened the scope for 
IOT in every field. Not just collecting information but also 
sensing things and taking action is the main part for IOT. 
 

 
 

Figure-2. Establishing a connection link. 
 

The device is the input received from the sensors 
and gateway along with the cloud is established using 
MySql. Aim of gateway is to enable devices that are 
indirectly connected to internet reach the cloud server. 
Since the data is sequentially received there is a need for 
cloud storage and the benefit of cloud is two faced, it 
provides us with enormous space for receiving the data 
from sensors and also processes the data by combining it 
with data from other resources. The input information 
received is put into tables and viewed in the cloud. The 
process is subdivided into   
 
a) Creating a database 

MySql is used for creating database and it is 
programmed in Rasbianos. Once the database is created, 
we are ready to create tables and records. The input 
received is sent serially to the raspberry pi and stacked 
into the database along with the time of entry, to view this 
database a php based webpage is created and IP address of 
the webpage is used for sending the data values from 
raspberry pi to the server 
 
b) Connecting to the server 

Here we use Mysqldb command to interface the 
MySql database from python which is programmed in the 
raspberry pi itself. PHP syntax is used to provide a 
database connection. When the command is executed on 
rasbianos the gateway directs the connection to the cloud 
server and the input is received and updated timely. This 
comprises of establishing a cloud platform for receiving 
the data from sensors which can be accessed from remote 
locations. IP address is pinned to the input data. This IP 
address is universally accessible and connects to the 
server. 
 

 
 

Figure-3. Receiving node. 
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RECEIVING NODE 
This consists of a PC/device to view the data 

uploaded to the cloud server using webpage. The data is 
dynamically uploaded to the webpage with the help of 
Ethernet shield in raspberry-pi. The data uploaded can 
only be viewed if the viewing device is connected to 
internet. Further the data is assessed and if any parameter 
exceeds its threshold an immediate action is notified to the 
municipal corporation online.   

We can expand the project to hundreds of 
dustbins which are all connected with sensors and the 
microcontrollers as specified above and view their status 
in a website using IOT. This process reduces the physical 
work and fuel significantly by automating the process of 
waste management.  
 
PROCESS FLOW 
 

 
 

Figure-4. Process flow diagram. 
 
RESULTS AND DISCUSSIONS 

We have collected the status of the bin at 
different times of the day. The system begins updating the 
new values to website according to the time interval we 
give, here it is 1 hour. The fullness of the bin, presence of 
harmful gases and weight of the bin is sensed and updated 
on the cloud server.  

As we can see from the table below the status is 
being updated time to time. First column contains serial 
numbers, second column consists of date, third column has 
time stamp and fourth column has the status of the bin in 
which ‘I’ implies output of IR sensor, ‘G’ implies output 
of gas sensor and ‘W’ implies output of weight sensor. As 

we see the last column weight keeps increasing as the 
waste is being dumped and when bin is full the IR reading 
gets updated in the row that contains serial number 7 
indicating that bin is and notifies the municipal 
corporation to take action. Once the waste is collected the 
readings draw back to original values as shown in serial 
number 9. The table is created in the webpage and data is 
stored in the cloud. In this way the data is automatically 
stored and processed for optimizing the waste collection 
process. We can also try combinations in future which can 
detect presence of solid wastes since it’s unnecessary to 
take action for clearing plastic wastes when IR senses 1 
but weight is low.  
 

Table-1. Real time tracking of waste bin. 
 

S. No. Date 
Time 
stamp 

Status 

1 11/04/2017 16:43:23 I:0 G:0 W:5 

2 11/04/2017 17:43:23 I:0 G:0 W:12 

3 11/04/2017 18:43:23 I:0 G:0 W:17 

4 11/04/2017 19:43:23 I:0 G:0 W:19 

5 11/04/2017 20:43:23 I:0 G:0 W:22 

6 11/04/2017 21:43:23 I:0 G:0 W:25 

7 11/04/2017 22:43:23 I:1 G:0 W:28 

8 11/04/2017 23:43:23 I:1 G:0 W:28 

9 12/04/2017 00:43:23 I:0 G:0 W:5 

10 12/04/2017 01:43:23 I:0 G:0 W:7 

11 12/04/2017 02:43:23 I:0 G:0 W:10 

12 12/04/2017 03:43:23 I:0 G:0 W:12 

13 12/04/2017 04:43:23 I:0 G:0 W:14 

14 12/04/2017 05:43:23 I:0 G:0 W:15 

15 12/04/2017 06:43:23 I:0 G:0 W:19 

 
CONCLUSIONS 

As we are aware hygiene comes first in place 
amidst all comforts. Manual efforts cannot be completely 
sufficient to maintain hygiene and it requires much more. 
Improper disposal creates lot of hygiene issues in a 
growing city. In this paper disposal strategy is suggested 
the method proposed integrates the sensors and sets up 
communication link with internet and uploads the status of 
bin in order to enhance the waste management process. 
IOT has played a vital role in automating the whole 
process and this project involves setting up our own 
database and linking it to the server where the hardware is 
interfaced with the software with a fine touch which 
responds immediately when the bin is full or if any 
harmful gases are present. The web based solution can be 
understood by anyone and also doesn’t require much 
maintenance because we are creating our own database 
and able to establish server with no cost using MySql. The 
only cost is for allotting cloud service to the server to store 
data. This system helps municipal corporation people in 
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additional planning and on deciding if any extra bins are 
required in particular area. Automating the process has 
been proposed earlier before IOT was introduced. Using 
IOT the process is now more efficient and lot of manual 
work has been reduced including the budget allocation 
towards the fuel for waste collecting vehicles etc. This 
idea suits the growing smart cities where the waste 
disposal is frequent especially  

During special occasions, But now the 
intelligence of bin is used to inform the status. The whole 
paper is aimed at building the hardware and establishing 
the network and interfacing hardware along with software 
for automatic functioning.  
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