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Abstract— Pollution is the introduction of contaminants into 

an environment that causes instability, disorder, harm or 

discomfort to the ecosystem i.e., physical system or living 

organisms. With the increase of population of a country, 

proper management of cumulative of Municipal Solid Waste 

(MSW) becomes more acute for maintaining green 

environment. In conventional approach a number of trucks 

collect the MSW and then transport and transfer these MSW 

in a pre-specified location, but all the above jobs are not 

properly monitored. It is very important to monitor the trucks 

and record the information related to the collecting time and 

area from a central location to ensure the job well done. The 

aim of this paper is to mainly concentrate on eradicating this 

issue and then reduce it.  This project exploits the tremendous 

power of Zigbee technology and presents the development of 

an electronic monitoring (e-monitoring) system to overcome 

the above problem in the conventional approach. The 

proposed e-monitoring system is an embedded system that 

consists of Zigbee technology interfaced with 8051 micro-

controller and a web based computerized software. Municipal 

authority can monitor the Solid Waste collecting status 

through the system and can generate different reports to 

improve the performance of their service. 
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I. INTRODUCTION 

It is obvious that green environment is one of the most 

important demands of the 21st century. The major 

environmental concerns in the 21st century are: atmospheric 

pollution and its consequences for human health, global 

warming and ozone layer depletion etc. [1]. The Municipal 

solid waste management is one of the major environmental 

problems of Indian cities. Management of Municipal Solid 

Waste (MSW) is one of the most critical environmental 

challenges. Waste management practices can differ for 

developed and developing nations, for urban and rural areas, 

and for residential and industrial producers. Generally solid 

waste is defined from the household refusal. The non-

hazardous solid wastes are from industries, institutions such 

as hospitals, markets and streets. A significant amount of 

solid waste generated in country are not collected and 

managed properly. Wastes are either burned openly in the 

streets or end up with empty land, rivers and thereby creating 

a serious health issue to public. This dissertation proposes an 

e-monitoring system which consists of an embedded system 

and web based software integrated with Zigbee and GSM 

technology. Using the proposed system, the municipal 

authority can monitor the waste collection status effectively. 

II. LITERATURE SURVEY 

Literature survey on the existing Online Course Portals is 

highlighted in reference to the performance and approach of 

the current system. 

 

A. Existing System: 

In conventional approach, a number of trucks from the 

municipal authority are sent to the waste bins to collect the 

solid waste. The wastes are loaded in the truck and then 

transported and transferred to the pre-specified locations. 

However the category of the people involved in collecting 

and transporting the wastes are usually not responsible 

enough to make the job well done. Very often the wastes are 

not collected from each and every waste bin properly due to 

driver’s attitude and fatigue. 

1) Problems in Existing System: 

 Lack of information about the collecting time and area. 

 Lack of proper monitoring system for tracking all 

activities related to solid waste management. 

 Loss of productivity due to inefficient utilization and 

unauthorized use of vehicles. 

 There is no quick response to urgent cases like truck 

accident, breakdown, long-time idling. 

 There is no quick way to response to client's complaints 

about uncollected waste. 

B. Objectives: 

The proposal in this dissertation focuses on the following 

objectives: 

 To develop an electronic monitoring system for solid 

waste management. 

 The system will have the facility to send SMS to the 

workers and supervisors. 

 To develop a web based GUI so that the system can be 

accessed from anywhere and information can be viewed 

by different group of people. 

III.  TERMINOLOGIES 

A.  8051 Micro-Controller (At89c51): 

The AT89C51 is a low-power, high-performance CMOS 8-

bit microcomputer with 4K bytes of Flash programmable and 

erasable read only memory (PEROM). The device is 

manufactured using Atmel’s high-density nonvolatile 

memory technology and is compatible with the industry-

standard MCS-51 instruction set and pin out. The on-chip 

Flash allows the program memory to be reprogrammed in-

system or by a conventional non-volatile memory 

programmer. By combining a versatile 8-bit CPU with Flash 

on a monolithic chip, the Atmel AT89C51 is a powerful 

microcomputer which provides a highly-flexible and cost-

effective solution to many embedded control applications. 

B.  Zigbee Module: 

Zigbee is a specification for a suite of high level 

communication protocols using small, low-power digital 

radios based on the IEEE 802.15.4-2003 standard for wireless 

personal area networks (WPANs), such as wireless 

headphones connecting with cell phones via short-range 



E-Monitoring System for City Clean!! 

 (IJSRD/Vol. 4/Issue 02/2016/083) 

 

 All rights reserved by www.ijsrd.com 279 

radio. The technology defined by the Zigbee specification is 

intended to be simpler and less expensive than other WPANs, 

such as Bluetooth. Zigbee is targeted at radio-frequency (RF) 

applications that require a low data rate, long battery life, and 

secure networking. The name "Zigbee" is derived from the 

erratic zinging patterns many bees make between flowers 

when collecting pollen. This is evocative of the invisible 

webs of connections existing in a fully wireless environment 

C.  Gsm Module: 

The GSM module is a specialized type of modem which 

accepts a SIM card, and operates over a subscription to a 

mobile operator, just like a mobile While these GSM modems 

are most frequently used to provide mobile internet 

connectivity, many of them can also be used for sending and 

receiving SMS and MMS messages. The number of SMS 

messages that can be processed by a GSM modem is pretty 

low, approx six messages per minute.  

D. Voice IC ARP6016: 

The APR6016 offers non-volatile storage of voice and/or data 

in advanced Multi-Level Flash memory. Up to 16 minutes of 

audio recording and playback can be accommodated. Devices 

can be cascaded for longer duration recording or greater 

digital storage. Each memory cell can typically store 256 

voltage levels. The APR6008 is ideal for use in cellular and 

cordless phones, telephone answering devices, personal 

digital assistants, personal voice recorders, and voice pagers 

E. Infrared Ir Sensor: 

Infrared (IR) light is electromagnetic radiation with a 

wavelength longer than that of visible light, measured from 

the nominal edge of visible red light at 0.74 micrometers, and 

extending conventionally to 300 micrometers. These 

wavelengths correspond to a frequency range of 

approximately 1 to 400 THz, and include most of the thermal 

radiation emitted by objects near room temperature. An 

infrared sensor is an electronic device, which emits in order 

to sense some aspects of the surroundings. 

IV. PROPOSED SYSTEM 

A.  Concept: 

The E-Monitoring system has two parts: 

 One is embedded system 

 Another is web based software system 

The overall flow diagram of the proposed model is shown in 

fig. 1 & 2. 

 
Fig. 1: Flowchart of the embedded system 

 
Fig. 2: Flowchart of the web based software system 

 
Fig. 3: Block diagram of E-Monitoring system 
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V. EMBEDDED HARDWARE IMPLEMENTATION 

The main concept of the system is shown in figure 1 and 

figure 2. The system components used in this project are 

described in the following section. IR Sensor continuously 

monitors the signals to detect the bin getting overflow in its 

frequency range. When any bin gets overflow and comes to 

the range of IR Sensor it automatically reads data from the 

surrounding. Then the controller collects data from the IR 

Sensor, filters collected data and arranges the data into 

specific format. In SMS receiving part the GSM module will 

receive only the formatted SMS. After formatting the data, 

the controller sends the formatted data to the Remote PC via 

Zigbee Module. After fetching and decoding of the data, 

zigbee Module sends the information to GUI, and with the 

help of GSM Module it also sends the information to 

authorized persons mobile phone. 

VI. IMPLEMENTATION OF E-MONITORING SYSTEM 

A. Dataflow Diagram For E-Monitoring System: 

1) Dfd For Embedded System: 

 
Fig.4: LEVEL 0 DFD for Embedded System 

 
Fig. 5: LEVEL 1 DFD for Embedded System 

 
Fig. 6: Level 2 DFD for Embedded System 

2) Dfd For Web Based Software System: 

 
Fig. 7: Level 0 DFD for Web based software System 

 
Fig. 8: Level 1 DFD for Web based software System 

 
Fig. 9: Level 2 DFD for Web based software System 

B. Operation of The Embedded System: 

Fig.10. shows that a waste bin is mounted with an IR Sensor 

and it is placed on embedded system, the container (bin) is 

also mounted with 4 IR sensors outside the bin. When the 

object comes to the signal range of the IR Sensor (transmitter) 

then the IR Sensor (receiver) of the embedded system starts 

reading data from the transmitter and sends the captured data 

to the controller. The controller filters the data received from 

the IR Sensor and arranges the data in a pre-specified format. 

Then the controller sends this data to the Remote PC via 

Zigbee module. The controller program has been written in C 

programming language. The system is initiated by switching 

on the start button of the embedded system. 

 
Fig. 10: Snapshot of Implementation of Embedded System 
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Whenever any bin starts accumulating with 

municipal solid waste and waste material comes in contact 

with IR sensor transmitter, and simultaneously IR sensor 

receiver, starts receiving the signals and if the signals are 

received then led light present on IR sensor module starts 

blinking, indicating dustbin getting overflow. And in turns 

sends signal request to micro-controller, and LCD screen 

present on embedded system, starts displaying the ‘bin full’ 

message on the embedded system. After reading the data 

controller verifies it for further processing. If data is valid 

then the embedded system converts the data into specific 

format, otherwise it discard the data. After arranging the data 

in specific format, it sends the data to the Remote PC via 

Zigbee module. With help of zigbee module present at pc 

side, information is displayed on GUI and according the 

database is updated. 

C. Web Based Software Implementation: 

The description of the components is as follows: 

1) Gsm Module: 

GSM module has been used in this project for sending SMS  

to mobile phone of authorized persons. SIM300 is a Tri-band 

GSM/GPRS engine that works on frequencies EGSM 900 

MHz, DCS 1800 MHz and PCS 1900 MHz 

2) Gui: 

GUI receives information from the embedded system through 

the Zigbee module. An application has been developed to 

record the information. The application is developed in 

windows platform and .NET framework 4 of Microsoft visual 

studio has been used. 

3) Database: 

Database server stores all necessary information for current 

and future use. Web page of solid waste management system 

web application shows the existing data of the database. The 

database server periodically updates its data. As a result users 

can get current data as well as historical data. SQL server 

2008 has been used as database. 

4) User Interface: 

 
Fig. 11: E-Monitoring System GUI 

 
Fig. 12: SMS Terminal in GUI 

 
Fig. 13: Area Mobile No & Registration 

VII. RESULTS AND DISCUSSIONS 

A. E-Monitoring System for MSW Management: 

Zigbee based e-monitoring system for solid waste 

management has been developed in this project. It is shown 

in Figure 2. The system has been tested several times for 

analyzing the performance. 

 
Fig. 14: Zigbee based E-Monitoring System 

B. Functionality Testing: 

The developed e-monitoring system displays DUSTBIN 

STATUS on the LCD screen of the system. Whenever solid 

waste comes in the frequency range of IR Sensor, it 
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automatically reads data from Sensor, filters it, formats it and 

then displays in the LCD screen. 

 
Fig. 15: Snapshot of Dustbin Status on the LCD Screen 

After formatting the data controller displays the 

message in its LCD screen and at the same time sends that 

message as information to the GUI present at PC side via 

attached Zigbee module. 

 
Fig. 16: Snapshot of a mobile phone receiving SMS from 

the e-monitoring system 

GSM module sends data to authorized person’s 

mobile phone and database server for updating the hosted 

web application with current data. Municipal authority can 

see the current and historical data by accessing the secured 

web application solid waste management system (SWMS). 

C. Test Result: 

The e-monitoring system test results: 

 
Fig. 17: It can be concluded that the e-monitoring 

system works as per desired requirements 

D. Web Based System: 

The MSW management authority can easily get the current 

and previous data by accessing the web based application. 

They can get the report in printable format 

VIII. CONCLUSION 

The objective of the project was to develop an intelligent 

monitoring system for proper management of MSW. With the 

objective keeping in front, a micro-controller based 

embedded system integrated with Zigbee and GSM 

technology is developed in this project. Since it is a micro-

controller based embedded system, it is portable and low cost. 

A municipal authority can use this type of system and monitor 

the waste collection status in real time and based on the 

recorded information they can prepare different reports and 

measure the performance of the team and thereby increase 

their productivity. 
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