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ABSTRACT:This paper presents a financially cost-effective design of a wise waste compartment for little scope cases.
This system depends on Arduino Nano board and an ultrasonic sensor to screen the totality level of the compartment
and give SMS cautions utilizing a GSM module. The system is controlled by lithium battery power bank bolstered by
solar powered cell board. The system gives a choice of charging outside compact gadgets utilizing the force bank. In
addition, the system will store use occasions, recorded by PIR sensor, and totality occasions on a memory card, which
is likewise used to play sound message utilizing a speaker, when the receptacle is being utilized. At long last, the
system is executed effectively with a worthy generally speaking expense for the designed application. The system
execution was discovered good as per the got test results. This device will evacuate the occasional expense of portable
system membership and lessen the force utilization of the system.
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I.  INTRODUCTION

Ecological issues are raised by present day urban areas for squander assortment and disposal. In this way, keen waste
administration systems got fundamental for urban areas that expect to lessen cost and oversee assets and time.
Presently, the pattern is moving towards keen gadgets and web of things (1oT) answers for defeat basic issues, for
example, squander the board issues. Improving the procedure of refuse assortment is the principle reason for the shrewd
arrangements gave by industry. Be that as it may, the expense of applying such arrangements is still moderately high.
The motivation behind this work is to introduce a financially savvy keen junk canister for restricted and small-scale
cases, for example, little stops, college grounds and medical clinics. The writing of this paper will introduce a writing
audit of past related papers and business arrangements [1], [2]. At that point technique and strategies segment will
clarify crafted by the system and all the equipment and programming utilized in this work, other than the design of the
savvy waste receptacle. At long last, the aftereffects of tests will be examined trailed by ends and future work.

Il. LITERATURE REVIEW

Research Papers

The most flow related work is finished by Zavare and his colleagues on sensor hubs associated with an Arduino board-
based control station, that utilizes a GSM module to send the sensor hubs information by SMS to the trash gathering
vehicle such as trash bin and to a server facilitating web application by a Wi-Fi association. The sensor hubs of the
shrewd containers depend on the ultrasonic sensor to detect the totality rate as per pre-determined canister profundity.
In addition, a GPS module is utilized to get the canister area [3], [4]. The GPS module and the ultrasonic sensor are
constrained by Amica R2 NodeMCU microcontroller board which has a worked in Wi-Fi module, that is utilized to
interface with the control station.

Another work on remote sensor organize is finished by Singh, Mahajan and Bagai. The canisters in his work are
outfitted with an accelerometer sensor to detect the opening and shutting of the receptacle top, a temperature and
stickiness sensor to check the current natural waste, and an ultrasonic sensor to detect the completion status of the
container. Every one of these sensors are constrained by Zigbee Pro microcontroller board, which has a worked in Wi-
Fi module that is utilized to send the sensors information to an entryway.
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This paper additionally utilized a similar kind of microcontroller board in the door to get the canisters information and
send it to a control station, that contains a server, over GPRS. The server in the control station depends on Caspio
database the executive’s system with an online Ul. A paper by Navghane, Killedar and Rohokale analysed the
utilization of weight sensor and three IR sensors to check the completion status of the shrewd canister and send the
sensors information to a website page over Wi-Fi system to a cell phone. The microcontroller board utilized in this
paper was ARM LPC2148. A report was finished by understudies of California Polytechnic State University, altogether
misused the financial and force utilization parts of changing over an ordinary open-air refuse container into a brilliant
one [5], [6].

As indicated by the writing, the venture depends on u-box C027-U20 microcontroller board, which has worked in GPS
module and cell module. The board is utilized to control HC-SR04 ultrasonic sensor, that quantifies the canister's
completion level, and a temperature sensor for checking climate conditions and fire cautions. The arrangement is
contained by 2x4x6 plastic box and controlled by a 12V battery-powered lead-corrosive battery [7]-[9]. The report
referenced that the system produces a HTTP POST demand utilizing the information from the sensors and send it to a
web application, which is fabricated utilizing Python and Flask system on an SQL.ite database.

The web application gets the HTTP solicitation and check in the event that the container is full, at that point send SMS
message utilizing Twilio administration. Also, Leaflet JavaScript library is utilized to virtualize the gathered
information on a guide. In synopsis, the greater part of the papers above didn't concentrate on taking care of the general
expense and force utilization of the system, which are the principle issues handled by this paper.

Commercial and Industrial Solutions

There are a few organizations offer shrewd junk containers oversaw by an online application. ECUBE labs and Big
belly offer shrewd waste compactor containers, which controlled by solar light-based cell board and battery. Clean
CUBE canister utilizes ultrasonic sensor and Big belly savvy refuse receptacle utilizes laser sensor to quantify
completion status. Besides, most organizations offer 10T sensors, which can be effectively introduced on accessible
refuse canisters. ECUBE labs, ENEVO and SMARTBIN offer battery-controlled variants of these ultrasonic loT
Sensors.

In addition, CUBE labs offer solar based controlled one. In any case, COMPOLOGY offers l0T sensor that utilizes a
camera to identify the completion status of huge mechanical garbage holders. The majority of these 10T sensors and
shrewd receptacles incorporate temperature, tilt and increasing speed sensors to identify vandalism, fire, waste
gathering and use occasions. Every one of these arrangements utilize cell systems to send information from the loT
sensors and canisters to their cloud facilitated web-application entrance over the web [10]-[13]. These web-applications
screen completion level, vitality utilization, fire cautions, and give ongoing readings and recorded reports
notwithstanding timetables and courses for enhanced refuse assortment. At last, as opposed to the referenced
arrangements, this paper intends to decrease cost by sending totality alert without the requirement for web association
and web-applications.

I11. APPROACH AND METHODS

This work will put a design for the savvy waste container, at that point clarify the pre-owned equipment parts and how
it is associated together. The product is then clarified and represented s a flowchart. Fig. 1 shows the fundamental
activity of the system. The totality status of the container is dictated by figuring the separation between the cover of the
canister and the junk by utilizing a sensor. A separation edge will be set by the canister measurements. At the point
when the separation estimating sensor demonstrates that the container is full, at that point a microcontroller board will
control a GSM module to send SMS alert, that contains canister 1D and ready message, to a predefined telephone
number.
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Fig. 1: Dustbin System

The area of the container is predefined by a sterile specialist who will recognize the filled receptacle by its ID, which
got by the SMS alert. The system will come back to default activity when the container is purged by the clean labourer.
A LED will continue flickering until the canister exhausted from junk. A memory card will enlist all the use and
totality alarms for later examinations. In addition, a movement sensor will be utilized to recognize the utilization
occasion to play an expressing gratitude toward sound message put away on the memory card utilizing a speaker to
energize the canister client. A square chart of the system is appeared in Fig. 2.
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Fig. 2: Block Diagram
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Design

The system configuration attempts to be financially savvy and user-friendly. Fig. 3 shows an open-air garbage
container after and before applying the metal work. The structure depended on a generally utilized open air rubbish
container, which is overhauled to attach an expansion arm to hold the solar light-based cell board. The metal work
additionally included including a 18cm x 22cm plate for holding any electronic gadget during charging from the USB
port, which will be joined to the augmentation arm.
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Fig. 3: Dustbin Device Body

The tallness of the container starting from the earliest stage the finish of solar light-based cell board is 155cm. The
rubbish compartment has a round and hollow state of 30cm measurement and 46cm stature. Notwithstanding, the range
from the base of the container opening is 27cm, which gives a volume of 76341cm3. Additionally, all the electronic
parts will be referenced in the following area are held inside (110x180x77mm) plastic electric intersection box, which
held underneath the container top. This structure is relevant to practically any standard open-air waste container.
Equipment

The system structure depends on Arduino Nano board. As per the datasheet, it depends on ATmega328 microcontroller
which has a 16MHz clock speed, 32 KB streak memory, 2KB SRAM and 1KB EEPROM. Arduino Nano is a
microcontroller breadboard with incorporated 5V voltage controller and can furnish sequential correspondence over
USB with a PC for programming. It additionally has 14 computerized 1/0 pins; 6 of them can give PWM vyield and 2
outers interfere with pins. This microcontroller underpins SPI and 12C interchanges. Besides, it additionally has 8
simple 1/0O pins. Every one of these pins can deliver or acknowledge a limit of 40 mA and has an inner draw up resistor
20-50 k.
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Fig. 4: Dustbin Device Circuit Board
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All the above arrives in a little bundle of 18 x 45 mm and weighs 4g. This microcontroller breadboard was picked for
its size, weight, usefulness and its programming adaptability. Fig. 4 and Fig. 5 shows the system schematic of the
circuit board and how the accompanying electronic parts are associated inside the electric intersection box. Ultrasonic
going module sensor (HC-SRO04) is utilized to identify the completion level of the junk container. As per the datasheet,
this sensor can recognize a 0.5m2 item from a scope of 20-400cm with a 15-degree estimating point. In addition, it can
recognize fluid and strong items, and furthermore invulnerable to practically any outside obstruction sources. This
sensor returns Time of Flight (ToF) which is the time span that ultrasonic wave takes to cross back and forward
between the wave source and the material boundary.

Distance = (ToF % SpeedofSound) /2

The system relies upon GSM module (sim900a smaller than usual v3.8.2) to send SMS completion alarms. as per the
datasheet, the module can be constrained by sending AT orders over its 5V sequential port. The Rx pin of GSM module
is associated with simple pin A3 on the Arduino Nano, and the Tx pin of the module is associated with A4 pin of the
Arduino board. A3 and A4 pins will be transformed into Tx/Rx pins utilizing a product library, as a result of the GSM
module depends on sequential correspondence and Arduino Nano has no additional sequential port. A LED, with a 1k®
resistor, is utilized to give a visual ready when the receptacle is full.
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Fig. 6: Flow Chart

In addition, a PIR movement identifier (HC-SR501) is utilized to detect when the garbage receptacle is being utilized.
As per the datasheet, this sensor has a detecting scope of 120 degrees inside 7 meters. In this manner, the sensor is
introduced to the side of the plastic box and halfway secured to detect just client hand entering the container. The use
occasion is activated by the PIR sensor. This sensor will intrude on the microcontroller work utilizing pin 3 to play a
WAV record put away on a MicroSD card, which is associated with the arrangement by a connector from Wave share.
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The sound message is played over 3W/4w speaker driven by a HXJ8002 sound intensifier. The MicroSD card is
additionally used to log the completion and utilization occasions inside CSV documents for additional investigations.
At last, the arrangement of the system is fuelled by off-the-rack 12000mAh force bank, which will likewise be utilized
to charge any electronic gadget gave by receptacle client. The force bank is supported up by 13W/5V solar powered
cell board which can gracefully current up to 2.6A.

IV. SOFTWARE

The entire program is finished utilizing Arduino IDE. Fig. 6 shows a stream outline of the Arduino program. Four
libraries were utilized to offices speaking with the modules. Software Serial library is utilized to speak with the GSM
module and send AT orders to it.
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This library is utilized due to Arduino Nano doesn't have an extra sequential port, which the GSM module depend on
for correspondence with the microcontroller. This library changes A3 and A4 pins into additional Tx and Rx pins to
associate the Tx/Rx pins of the GSM module. SPI library is utilized for speaking with the MicroSD module which
relies upon Serial Peripheral Interface (SPI) information convention. SdFat library is utilized to oversee information
and read/compose documents on the MicroSD card.

Fig. 7 shows the process of the device, which explains the complete step by step processing of the waste management
device.
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Fig. 8: Complete Waste Management System

The last library is TMRpcm, which is utilized to yield the WAV document, put away on the MicroSD, as PWM sign to
computerized pin 9 that associated with the speaker. The Setup capacity of the Arduino program initially characterizes
the pre-owned pins as yields or sources of info, at that point sends AT orders to the GSM module to empower content
mode, empower neighbourhood time/date stamp and store current settings on the GSM module memory. The time/date
stamp will be put away on CSV records during logging occasions on. This capacity is additionally used to get the
telephone number and SMS ready content, which will be sent to that number if there should arise an occurrence of
totality occasion, from content documents on the MicroSD card.

This progression is done to disentangle changing these parameters without adjusting the program. The last advance of
Setup work is instating computerized pin 3 as an intrude on pin to associate the yield pin of the PIR module to it. At the
point when the voltage ascends on the yield pin of the PIR module, crafted by the microcontroller will be hindered to
play the WAV record on the speaker and log the use occasion with the present time/date stamp on the CSV document.
The Loop work is utilized to gauge the separation between the ultrasonic module and the refuse at regular intervals.
This timeframe can be changed from now on to relate with genuine working cases. Sometime circle will repeat while
the deliberate separation is littler than an edge, which is estimated 10cm as per the container measurements. The LED
will flicker for 5 seconds before a subsequent estimating is taken inside the while circle to check if the deliberate worth
despite everything fulfils the condition and no SMS alert has been sent. From that point forward, the SMS ready
message will be sent and the completion occasion will be signed in the CSV document. At long last, as accounting
measure, the equalization of the utilized SIM card is added to the SMS message before sending it. The parity is
acquired by sending Unstructured Supplementary Service Data (USSD) code to the portable system utilizing AT order,
which is executed by the GSM module. Fig. 8 shows the complete waste management system, which illustrates from
beginning to the end of the waste disposal.
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V. RESULTS AND DISCUSSION

The keen canister was tried first indoor without charging the force bank by the solar light-based cell board. The system
filled in as expected for it to do. At that point the container was introduced open air in the fundamental square of
Nawroz University grounds for a time of seven days. During this period, the solar based cell board oversaw effectively
to charge the force bank and kept the system running. In any case, in the wake of analysing the CSV documents on the
MicroSD card, the acknowledgment was that the PIR sensor propped up off and interfere with the Arduino board to
play the sound message.

Table 1: Overall cost of the system

Component Fixed Cost

Metal work and paint 1500
Solar panel 2400
Power bank 2000
Electric junction box 300
Arduino Nano 1000
GSM module 2000
Ultrasonic sensor 400
PIR sensor 300
MicroSD card module 200
Other parts and soldering 700
GSM network credit 50001QD=300
Total 11100

The primary ex-designations for this conduct are heat presentation and reflected daylight from objects inside or around
the receptacle, despite the fact that the PIR sensor datasheet focuses that the working temperature of the sensor is
between - 300 C to +700 C. The information sheet additionally noticed that light and wind stream can be considered
as obstruction sources. In this way, a second outside test was accomplished for an additional seven days with the PIR
sensor is handicapped. In spite of that, the container didn't get full during this period yet the system sent SMS
completion message each time totality status re-enacted by placing a deterrent before the ultrasonic sensor.

Regarding power utilization, the deliberate current drawn by the entire system was 400mA, in spite of that the GSM
module has a force pace of 2W/5V. As indicated by the deliberate current, the force bank will keep going for 30 hours
and the solar oriented cell board will require an additional 30 hours to completely charge the force bank. This is can be
plausible during summer long days, as appeared in the principal test. In any case, the GSM module has a rest mode
which diminishes the present utilization of the module to 1.5mA during the inactive period. This mode couldn't be
executed on account of the force bank is intended to be consequently killed when the force utilization is excessively
low. As far as cost, the versatile system membership was discovered palatable for giving 100 SMS message for each
50001QD credit. Be that as it may, most versatile system organizations put a 90-day termination period on the credit.
Table 1 shows the general expense of the system without the expense of the container itself, on account of the system
can be applied to practically any sort of rubbish receptacle. In the event that the PIR sensor and speaker were
considered as an adornment, the absolute minimum expense for the system will be $160. At long last, the arrangement
gave by this system can be viable in overseeing enormous quantities of garbage receptacles over a little scope area,
because of the no requirement for web network and PC to follow the status of the containers. In any case, keeping
mindful of the canisters areas as per their IDs, which are sent by the completion SMS message, is required for an
effective garbage assortment.
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VI. ADVANTAGE AND DISADVANTAGES

Table 2: Advantage and Disadvantages of the System

Advantage Disadvantage

Low building cost Requires manual recharging of mobile network
subscription

Can work outdoors and indoors Requires pre-knowledge of the bins’ locations

Can run for a long time Security measures depend on build quality and fixed
installation of the bin

Low maintenance requirements Don’t send an alert in case of fire

User-friendly design

It has an AUX USB port to charge external electronic

devices

VIl. CONCLUSION AND FUTURE WORK

The majority of the past work regarding this matter concentrated on using cell system to interface with the web for
sending the sensor's information to a server. Despite what might be expected, this paper considered utilizing the cell
system to send totality SMS alert straightforwardly to the client. Along these lines, the work in this paper can be
considered as a keen gadget, not as IoT arrangement. This system doesn't offer all the offices that gave by the web
utilizations of 10T items and papers referenced previously. In any case, the decrease in cost offered by this paper is
recognizable, whenever contrasted and the expense of business items and the work in due to quitting the nearness of an
online server.

The consequences of the indoor test show that the arrangement worked completely under typical conditions. Besides,
the open-air tests demonstrated that solar oriented cell board performed satisfactorily in charging the force bank and
keeping the system running. As far as portable system membership lapse period, the system can utilize post-paid
arrangement to beat this issue. Besides, a uniquely manufactured force bank is suggested, with the utilization of USB
DC-DC step-up module, Li-lon battery charging module and 3.7V Lilon battery-powered batteries, to conquer the issue
of the programmed shutdown of the force bank. This will likewise lessen the expense of the system by $20.

The choice of charging any electronic gadget for the canister client can be discarded to diminish cost and get a superior
presentation from the force bank. In addition, can utilize the idea of entryway or control station that referenced in and
to additionally lessen the general expense. Nonetheless, various canisters associated with a solitary control station and
range constraint of the Wi-Fi module must be thought about. As far as security, the creator considers it is eccentric to
add accelerometer sensor to send an alarm if there should arise an occurrence of vandalizing and GPS module to follow
the container area in the event of robbery. Accelerometer sensor can't separate between a creature, an individual or
extraordinary climate shaking the receptacle.

Additionally, the primary thing a hoodlum would do is separating the force from the system, therefore the GPS module
will be pointless in following the receptacle area. Be that as it may, a temperature or smoke sensor can be added to the
system to send an alarm if there should arise an occurrence of fire. The focal points and inconveniences of this work are
outlined in the table 2. Finally, this paper figured out how to introduce a practical and easy to use shrewd waste
compartment for little scope cases, contrasting with the past work referenced previously. As a future work, the general
expense can be additionally diminished if the GSM module is undesignated by Wi-Fi module, which interfaces with an
intranet WLAN to send the completion alarm to the client cell phone. This will evacuate the occasional expense of
portable system membership and lessen the force utilization of the system.

REFERENCES

[1] B.V. Mathiesen et al., “Smart Energy Systems for coherent 100% renewable energy and transport solutions,” Applied Energy.
2015, doi: 10.1016/j.apenergy.2015.01.075.

[2] A. Kailas, V. Cecchi, and A. Mukherjee, “A survey of communications and networking technologies for energy management
in buildings and home automation,” Journal of Computer Networks and Communications. 2012, doi: 10.1155/2012/932181.

[3] X.H.Liand S. H. Hong, “User-expected price-based demand response algorithm for a home-to-grid system,” Energy, 2014,
doi: 10.1016/j.energy.2013.11.049.

Copyright to IJAREEIE DOI:10.15662/IJAREEIE.2017.0610057 7828



(4]
(5]
(6]
(7]
(8]
(9]
(10]

(11]

[12]

[13]

ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An ISO 3297: 2007 Certified Organization)
Vol. 6, Issue 10, October 2017

J. Chen et al., “Ultra-Low-Power Smart Electronic Nose System Based on Three-Dimensional Tin Oxide Nanotube Arrays,”
ACS Nano, 2018, doi: 10.1021/acsnano.8b02371.

L. Berghella et al., “Low-power wireless interface for handheld smart metering devices,” in 2014 IEEE Sensors Applications
Symposium, SAS 2014 - Proceedings, 2014, doi: 10.1109/SAS.2014.6798968.

A. Kumar and G. P. Hancke, “Energy efficient environment monitoring system based on the IEEE 802.15.4 standard for low
cost requirements,” IEEE Sens. J., 2014, doi: 10.1109/JSEN.2014.2313348.

S. Bansal and M. Schmidt, “Energy disaggregation methods for commercial buildings using smart meter and operational data,”
in AAAI Workshop - Technical Report, 2017.

EURELECTRIC, “Prosumers — an integral part of the power system and the market,” Eurelectric, 2015, doi:
D/2015/12.105/15.

M. Amado and F. Poggi, “Solar urban planning: A parametric approach,” in Energy Procedia, 2014, doi:
10.1016/j.egypro.2014.02.174.

W. S. Hao and R. Garcia, “Development of a digital and battery-free smart flowmeter,” Energies, 2014, doi:
10.3390/en7063695.

V. Jeli¢ié, M. Magno, G. Paci, D. Brunelli, and L. Benini, “Design, characterization and management of a wireless sensor
network for smart gas monitoring,” in Proceedings of the 4th IEEE International Workshop on Advances in Sensors and
Interfaces, IWASI 2011, 2011, doi: 10.1109/IWASI.2011.6004699.

B. Drysdale, J. Wu, and N. Jenkins, “Flexible demand in the GB domestic electricity sector in 2030,” Appl. Energy, 2015, doi:
10.1016/j.apenergy.2014.11.013.

S. Bracco, F. Delfino, F. Pampararo, M. Robba, and M. Rossi, “The University of Genoa smart polygeneration microgrid test-
bed facility: The overall system, the technologies and the research challenges,” Renewable and Sustainable Energy Reviews.
2013, doi: 10.1016/j.rser.2012.10.009.

Copyright to IJAREEIE DOI:10.15662/IJAREEIE.2017.0610057 7829



