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PA3PABOTKA YMHOTI'O YCTPOICTBA JJI1 YIIPABJIEHHS
OTXOJAMU

DEVELOPMENT OF SMART WASTE MANAGEMENT DEVICE

AHHOTAIMSA. YIOpaBIGHUE OTXOAAaMHU SIBISETCS OJHOM M3 OABHUX
mpo0JsieM, ¢ KOTOPBIMU CTaJIKMBaeTCs 4delloBe4ecTBO. HpIHemHuil meron
YIIpaBIEHUs OTXOAAaMH, IPH KOTOPOM Ha yOOPIIMKOB BO3/IAraeTcsi 00s13aHHOCTh
MIEPHOINYECKH OIOPOXKHATH MYCOpHBIE Oakd. Y Takoro IulaHa €CTh MHOI'O
HenmocTatkoB. COBpeMEHHasi CHTYyalusl IOKa3bIBaeT, YTO MYCOpHBIC Oakw,
pacnoloKeHHBIE B Hallled cpeje, 4acTo IEepelnBaloTCs U3-32 3HAYUTEIHHOIO
YBEIMYEHUS] KOJIMYECTBA OTXO/OB, OOpasyIOIIMXCS €XKEIHEBHO. Takum
oOpa3oMm, co3gaeTcs He3JopoBas cpega Ul YEIOBEKa W BO3HHUKAET
HENpUATHBIA 3amax BOKPYr Takoro Mecra. B crarbe mpencraBieHO
MHTEJUIEKTyaJIbHOE YCTPOMCTBO ISl yIpaBJICHNs 0TXoMaMu Ha 6a3e MHTepHeTa
BeILeH, IpeTHa3HaYeHHOE ISl OIPEICIICHNS] IPUCYTCTBHS YEI0BEKA, OTKPBITHS
MYCOpPHOTO Belpa U OTHpaBKU SMS-oMOBEHIEHHS O €ro 3alOoJHEHHUH, YTO
MIO3BOJISIET OCYLIECTBISITH MOHUTOPUHI B PEXHME pealbHOro BpemeHH. Jlist
pa3pabOTKN HCIOIB30BalNCh HporpaMMupoBanne Ha C++, Arduino Uno c
ynbTpa3BykoBeiMu gatuukamMu HC-SR04, GSM-monyns A9, cepBomBurarenu
MG 99R, cserogmons! u Li-Po akkymymsarop. TecTsl mokaszanu, 4To KpbIIIKa
OTKpbIBaeTcst Ha pacctosHun oT 40 mo 70 cM, ocTaBasChb 3aKpbITOH 3a
mpefenaMy 3Toro auvamnasoHa. OgHako, KOrga Mycop JOCTHTaeT ypoBHA 33 cM
OT JHa KOHTelHepa, uepe3 30 MuUHYT oTmpasisercss SMS-omoselieHue, 4To
TIOMOTAeT OTCJICKUBATh YPOBEHb OTXOJOB B PEXKHME PEaIbHOTO BPEMEHH.
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Abstract. Waste management is one of the long-time challenges encoun-
tered by the human race. The present method of waste management, where
cleaners are saddled with the responsibilities to empty the waste bins periodi-
cally. Such plan has a lot of demerits. The present-day situation shows that
waste bins positioned in our environment are often times spilled over due to the
significant rise in waste generated daily. Thus, creating an unhealthy environ-
ment for the citizens and producing foul odor around such location. The paper
presents an IoT-based smart waste management device designed to sense hu-
man presence, open the bin, and send SMS alerts when full, allowing real-time
monitoring. C++ programming, Arduino Uno with HC-SR04 ultrasonic sen-
sors, A9 GSM Module, MG 99R servo motors, LEDs, and Li-Po battery were
used for the development. Tests revealed that lid opens at distances between
40cm and 70cm, remaining closed beyond this range. However, when trash
reaches a level of 33cm from the bin bottom, an SMS alert is sent after 30 min-
utes, aiding in real-time waste level monitoring.

Karouessie ciioBa. Otxozsl, [oT, mycopHOe Bepo, yMHEIH, pa3paboTka

Keywords. Waste, 10T, bin, smart, development

Introduction

Waste management is one of the long-time challenges encountered by the
human race. In fact, it’s as old as the human existence itself. Due to the fast
pace of urbanization, waste management is becoming a bigger issue each day in
each developed and developing countries (Norfadzlia ef al., 2018) and Nigeria
is not an exemption. Ayodeji et al., (2020) believed that the fight for a sustain-
able future will be lost or won in the cities. Precisely, how we collect, dispose,
treat and manage waste generated (UN, 2019). The urge for smart sustainable
cities, technological advancement in the nations of the world, rise in popula-
tion, increase in human activities and pattern of production and consumption
has given rise to generation of huge volume of waste that must be properly dis-
posed, treated and managed to ensure sustainable environment and a decent
living for the increased population (Likotiko, 2018).

The waste created from various sources will lead to environmental pollu-
tion arising without an effective and well- organized solid waste management.
Besides, this can also bring to serious health hazard and lead to the spread of
infectious diseases. An effective solid waste management practices need to be
updated to suit the current waste quantity and composition (Norfadzlia et al.,
2018). As a matter of fact, Joze et al., (2022) affirmed that The World Bank
predicts that the amount of waste generated annually will increase from 2.01
billion tons in 2016 to 3.40 billion tons in 2050 (Kaza et «l., 2018). However,
the need to sustain a clean and healthy environment is a global concern (Sarkis
et al., 2017). Sonawane et al., (2019) stated that population increase translated
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to increase in waste generation in our environment and waste management has
turned out to be a global challenge. Waste management in this present-day re-
quire taking the right decision and approach in tackling the challenges. The
change in people’s lifestyle has also led to an increase in the generation of
waste (Kumar et al., 2017).

In one lifetime, an individual produces on average 600 times as much
waste as that person weighs (Joze et al., 2022). Daily activities aimed at reduc-
ing waste collection in landfills and at recycling and waste prevention can help
solve the problem (Polajnar ef al., 2015). Human use products and these prod-
ucts become wastes after their uses and needed to be dumped. The waste ranges
from solid (refuse) to liquid (sewage) waste. In this research, however, the fo-
cus is on solid waste and more importantly waste generated in offices and
places of work. In offices of the Usmanu DanFodiyo University, Sokoto, com-
mon waste includes but not limited to used papers, tin cans, plastic bottles, wa-
ter sachets, plastic bags(nylon) and et cetera.

Method and materials

As the smart waste bin tailored for office spaces, factors such as the opti-
mal bin height and capacity to ensure suitability within office environments
were evaluated, for corrosion resistance and aesthetic appeal stainless material
was selected.

Design Calculations

The design underwent some important calculations from the cover and
base area calculation, volume of the container calculation to the electrical and
automation calculation.

The Cover and the Base Area: The cover and base are in circular form.
Therefore, the area will be computed using

A=7xr?
Where: A = Area
r = radius of base and cover = d /2
Therefore,

2
el
2
A=907,92 cm?,
A=0,09079 m?> .

Hence, the area of the cover and base is approximately 0.09 square metre
or 908 square centimetre.

The Volume of the Container: The volume of the trash container can be
calculated using the formula of the volume of cylinder as follows:

V=nr'h.
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Where: V = volume of cylinder;
r = radius of base and cover; and
h = the height of the cylindrical container.
Therefore,
V =0,04086 m’ .

Therefore, the maximum volume of the trash containing cylinder is ap-
proximately 0.04 cubic metre or 41 Litre.

Automation and Electrical Calculations
Servo motor capacity: 1/4 hp = 186.5 W DC
Power source ratings: 10,000 mAh
Input DC: 5.0 V, 2.1 Amps.
Output I (DC): 5.0V, 2.1 Amps.
Output 2 (DC): 5.0V, 2.1 Amps
The power is calculated from the formula
pP=1IV.
Therefore,
output 1 = 2’1><5 ’
I)outputl = 10’5 W .
Similarly,

output 2 :2’1X5 >
I)outputZ = 10’5 W .

Hence,
=P +P

output 1 output 2 >

P
P

P

total
P, =10,5+10,5=21W .

Where: P, = DC Power of output 1,
P

output 2

P,,., = Total power.

Sensor1 (trash level detector) =33cm
Sensor 2 (Human approach detector) = Between 40cm and 70cm
Cylindrical shape, height= 50cm—5cm (power bank spot) = 45cm
Diameter of the lid = 34cm = 0.34m
Motor blade rotates from 0°— 175/180°, Lid rotates from 0° — 85°/270°

= DC Power of output 2,
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Figure 1 — Principle of Operation of the System

The system works by following the signal from the microcontroller incor-
porated with the sensors and other components. When a person approaches the
bin (Figure la), the first ultrasonic sensor (comprises two speakers for sending
and receiving signals) placed in front of the bin detects the human presence
within the range of 40cm and 70cm. The first of the two speakers sends a wave
signal that bounces back to the second after hitting a barrier (i.e. the dumper). If
the person is within the range of 40cm and 70cm, the green LED pops up, the
buzzer makes sound and consequently the bin opens (Figure 25). If the dumper
is not within this range- either closer than 40cm or farther than 70cm, the bin
remains closed. Once the waste has been dumped and the dumper recedes out-
side the stated range (i.e. 40 to 70cm), the bin closes on its own without help
from anyone.

Furthermore, the second ultrasonic sensor placed inside the bin, using the
same principle as above monitors the waste level. At the height of 33cm of the
waste level, in incorporation with the SIM module sends SMS to the person in
charge for offloading. At this point of the filled level, the red LED remains ON.
This will sensitize the person that wants to dump that the bin is filled up.
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Figure 2 — Developed smart waste bun device closed (a) and opened ()

Results and discussion
From the test performed, the lid opens at distances between 40cm and
70cm, remaining closed beyond this range. Additionally, when trash reaches
33cm from the bin bottom, an SMS alert (Figure 3) is sent after 30 minutes,
aiding in real-time waste level monitoring. Compared to existing systems, this
IoT-based solution stands out, offering comprehensive waste management ca-
pabilities. From the test performed on the waste bin it was discovered that:
i. At a distance of x > 70cm, the cover of the waste bin remains closed
(Plate 4.1a.)
ii. At a distance of 40cm < x < 70cm, the bin cover opens and remains
open (Plate 4.1b.)
iii. At a distance x < 40cm, the waste bin cover closes back and remains
closed.
iv. At the height of x > 33cm from the bottom of the container, the trash
detecting sensor senses the waste and sends SMS to the collector.
V. The green LED appears when the dumper is within the range and the
bin will open and goes off when the dumper recedes.
vi.  The red LED will appear continuously when the bin is filled up and
hence sensitizes the dumper of its status.
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Smart Waste Bin

UDUS 2023 MECH SET - WASTE
BIN PROJECT: The smart bin is
filled up, please empty it- Thanks.

UDUS 2023 MECH SET - WASTE
BIN PROJECT: The smart bin is
filled up, please empty it- Thanks.

Figure 3 — SMS alert sent to the collector

Conclusion and recommendations
The device was modelled using 3-D modeling AutoCAD software and
simulated using Auto-desk Fusion-360. Stainless steel was for the fabrication
with rivetted joints. After testing and evaluation for its efficiency, it found that
the lid opens at distances between 40cm and 70cm, remaining closed beyond
this range. Additionally, when trash reaches 33cm from the bin bottom, an SMS
alert is sent after 30 minutes, aiding in real-time waste level monitoring. Based
on the results of the study, recommendations were suggested as follows:
i. The bin can be made to segregate waste into biodegradable or non-
biodegradable waste to enhance recycling.
ii. Facility for mobility of the waste bin can be incorporated with remote
control to enable one move the waste bin closer to him or her for
convenience purpose.
iii. Facility for categorization of waste products can be incorporated to
classify waste product according to their types for better management.
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YK 631.315.6

Bek6ochinos C.', KaHIHIaT TEXHIUECKHUX HAYK, BEIYIHii HAYUHbII COTPY/IHUK;
AOANIABLINH H.K.z, KaHAMIAT TEXHUYECKUX HaYK, Ipodeccop
'TOO «HIIL] Aepounscenepuuy, 2. Anmamet, Pecnybauxa Kazaxcman,
?Kasaxckuti nayuonanshbiil ucciedo8amensekull YHUgepcumenm,
2. Anmamul, Pecnyonuxa Kasaxcman

YCOBEPHIEHCTBOBAHUE ITPOIIECCA ITPEAINIOCEBHOM
HOArOTOBKHU MOYBbLI C NIPUMEHEHHUEM PABOYEI'O OPT'TAHA
C I'MBKHUM 2JIEMEHTOM

Annoranus. Lens nccnenoBanuii — co3nark cxemy pabodero oprasa Juis
MPEANOCEBHOM NOATOTOBKY MOYBBI C IPUMEHEHHEM TMOKOro pabouero opraHa
B BHUJle Tpoca. Ha ocHOBe aHanmu3a pa3iM4yHBIX TUIIOB M MPHUHIMIIOB JAEHCTBUS
paboymx OpraHoB COCTaBJEHa INPHHIMIIMAIbHAS CXeMa pabouero opraHa c
THIPOBUOPATOPOM, B KOTOPOM IMPUMEHEH I'MOKHIi 3JIEMEHT B BHJE TPOCa.

Abstract. The purpose of the research is to create a diagram of a working
body for pre-sowing soil preparation using a flexible working body in the form of
a cable. Based on an analysis of various types and operating principles of
working bodies, a schematic diagram of a working body with a hydraulic vibrator
was drawn up, in which a flexible element in the form of a cable is used.

KnroueBbie cioBa. PaGouuii opraH ¢ rHOKHM 3JIEMEHTOM, THIPOBHOpa-
TOp, KOMIICHCATOP, BUHTOBON MEXaHH3M, JIPOCCEIIb-PacX0I0Mep.

Key words. Working body with a flexible element, hydraulic vibrator,
compensator, screw mechanism, throttle-flow meter.

KauectBo mpenmnoceBHOM 00pabOTKH MOYBBI SBJSICTCS OJJHIM U3 OCHOBHBIX
¢daxTopoB. Biusiionmux Ha IMOJyYeHHE CBOCBPEMEHHBIX JPYKHBIX BCXOIOB
CeMsSH W B KOHEYHEM CTYETC BBICOKOTO IOJHOLEHHOIO  ypaxas
CEITbCKOXO3SIICTBEHHBIX KYIBTYP.
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