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Abstract:

Introduction: In 2020, the World Health Organization announced that
Corona virus (Covid-19) is a global pandemic. Since then, social distancing
and sterilization have become essential as precaution measures to
decrease the infection. The risk of Covid virus spread led people, industries
as well as governments to implement several approaches to control the
transmission rate of the virus. During their daily life activities such as work,
shopping, eating, etc. people touch a lot of surfaces and also open a large
number of doors. This is considered to be one of the fastest ways to spread
viruses because many people touch door handles which are generally
rarely cleaned.

Method: In this paper, the implementation of a cost-effective smart device
has been presented. The device sprays ethanol onto a doorknob from an
ethanol sterilizer after any person touches the knob. The sensor detects a
hand touching the knob, after that a signal is sent to the Arduino for
processing, and then after a 4.5-sec delay, the Arduino sends a signal to the
water pump to pump ethanol alcohols through the nozzle directly to the knob.

Results: The device shows precise and accurate results regarding the
number of uses and the temperature of the surrounding ambient.
Conclusion: The system is applicable in offices and public buildings. Due to
its functionality, it can be of great assistance in decreasing the
contamination of doorknobs.
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Introduction

Doorknobs are considered to be the most common places for viruses
and infectious bacteria. They are the hotspot of viruses and bacteria since
they are the main means for opening doors (Abdelmoktader & El Far,
2019; Chin et al, 2021; Narayana et al, 2021; Umamaheswari, 2020;
Woodstock & Karlicek, 2020). Regular doors (non-automatic doors),
especially office doors, are opened during the day at least hundreds of
times, when each hand touching them contains a number of viruses or
germs, which leads to an increase in infections among people. The idea of
a smart sterilizing device was realized in order to protect people from germ
infections arising from touching contaminated surfaces. The Arduino is an
open-source electronic prototyping platform on the basis of flexible, easy-
to-use hardware and software. The Arduino controller used in this work
has 14 digital input/output pins (6 out of which can be used as PWM
outputs), and 6 analog inputs. A low voltage switching relay used to
integrate the pump with the Arduino shows the switching functionality
(Rossetto et al, 2021; Katkar, 2021; Gheorghe & Stoica, 2021; De Felici et
al, 2021; Pranata, 2021).

The PIR sensor is used to detect the radiation emitted from a user-
touched door handle and then to send a signal to the Arduino which makes
a decision based on the software program uploaded to it (Zemmouri et al,
2017; Youssef et al, 2020; Saravanamoorthi et al, 2017). There are few
studies regarding sterilizing devices. Seongkeun Kwak et al (Kwak et al,
2013) used a smart device to control and monitor a pipeline-type UV
sterilizer. The device proved to be more convenient and economical than
a regular controller. Eddy et al proposed a design and implementation of
a smart contactless hand sanitizer-dispensing system (Eddy et al, 2019).
Mohammed et al suggested an intelligent system for door sterilization;
despite the fact that the idea was only theoretical, it was good and could
be executed (Alenzi & Abdudayem, 2017).

Theoretical backgrounds of the solution of modern control
engineering design problems are thoroughly discussed and outlined in
(Szabolcsi, 2019). In (Szabolcsi, 2020), Szabolcsi introduced several
theoretical and practical approaches related to computer-aided design and
analysis of modern control systems using MATLAB.

This paper solves the doorknob contamination problem with a cost-
effective smart device controlled by an Arduino controller that can squirt
ethanol from an ethanol sterilizer towards the doorknob after it is touched
by a human hand.
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Research method

The system operation principles depend on the detection of the hand
motion over the doorknob. Figure (1) shows the existing system of a smart
sterilizing system for doorknobs, while Figure 2 shows the system sketch
design in Fritzing software. Fritzing software is open-source software used
to design and simulate electronic circuits before they are actually built in.
The system contains the controller, the Arduino in this particular case. After
the doorknob is touched, the sensor detects the motion over the knob,
sends a signal to the controller, and then the controller, based on the
information coming from the sensor, commands the water pump (the
actuator) to pump ethanol from the sterilizer onto the doorknob to clean it
and sanitize it from germs.

i - - m
Sensor
Door’s Knob “

Figure 1 — Existing system of a smart sterilizer
Puc. 1 - Cywecmsyrouwas cucmema yMHO20 cmepusiu3amopa
Cnuka 1 — lNocmojehu cucmem namemHoa cmepusnusamopa

Motion SensoK

Water Pump A

Arduino
Relay

Figure 2 — System hardware sketch
Puc. 2 — Ocku3 cucmemesl annapamyozo obecrneqyeHus
Cnuka 2 — Ckuya xap0dsepckoe cucmema

System design

A. Arduino:

The Arduino can be described as the brain of the system. It is open-
source hardware; it consists of sets of analog and digital pins that can be
interfaced with various expansion boards, sensors, and actuators (Satam
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et al, 2021). The Arduino controller is widely used in different applications
because of several reasons such as its price, its speed, the easiness of its
use, etc. The controller board is shown in Figure 3.

Figure 3 — Arduino
Puc. 3 — Arduino
Cnuka 3 — ApdyuHo

B. PIR sensor:

A Passive Infrared Sensor - PIR (as shown in Figure 4) is an electronic
device that detects infrared light radiated from objects. It differs from an
active IR sensor which consists of both emitter and detector, the emitter
radiating infrared light and the receiver detecting the reflected radiation
coming from the object. On the other hand, the PIR sensor consists of a
detector only. When an object approaches the sensor, the detector detects
the radiation coming from the object itself. The PIR does not radiate energy
for detection purposes, it only detects the radiations coming or being
reflected from objects (Simeon et al, 2018; Jindal et al, 2019). The sensor
used in this research is Hc-SR501.

The sensor measures 1.2 * 0.9 inches. The front side is covered by a
white Fresnel lens, the purpose of it being to increase the performance of
the lens as well as to protect it. The other side is the PCB circuitry and
other components required for processing information received from the
sensor.

Back Side of Module Front Side of M

Ground / Output  pygitive Voltage / Vec

Negative 5V to 12V DC
Supply /
5

RL
Connection

BISS0001 \iNe
Chip

Time Delay

Triager Modes Adjustment

Figure 4 — PIR sensor
Puc. 4 — [lamyuk PIR
Cnuka 4 — NP ceHsop
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C. Water gear pump:

A water gear pump can be defined as a positive displacement-rotating
pump that moves fluids with the assistance of inbuilt gears. It consists of
two gears which can create a vacuum force to boost the liquid within the
gear. The pump also has other parts such as a shaft, a rotor, and a casing.
The water gear pump working principle is easy to explain. The pump uses
the gear rotating actions to move the liquid. The liquid seal will extend by
the pump case to generate suction at the pump inlet. The drawn liquid can
be included in the rotating gear cavities and moved to the ejection. There
are two types of gear pumps: external and internal ones. They are widely
used. The external gear pump consists of two gears: an interlocking one
and an identical one. The interlocking gear is held up with separate shafts.

The internal gear pump has two gears different in size. The rotor is a
larger gear (Ivanov & Ivanova, 2020; Du et al, 2019).

The water pump in this system pumps 100 ml of ethanol. The authors
did some calculations regarding the time the pump should be ON as well
as the position for the pump inside the device i.e. "the distance between
the pump and the nozzle spray". The pump model used in this research is
CH370-6A. Table 1 shows the pump specifications.

Table 1 — Water pump specifications
Tabnuua 1 — TexHuUYeckue xapakmepucmuKku 800sIHO20 Hacoca
Tabena 1 — Cneyugpukayuje eodeHe nymre

Model CH370-6A
Rated voltage 6 DCV
Rated current 380mA
Inflation time 10s
Pump flow rate 2L/M
Pressure 50mmHg
Life test 30000

Table 1 shows that the pump flow rate is 2 liters per minute. However,
for the system, the amount flow rate needed is 1 ml of alcohol. In order for
this to be achieved, the ON time for the pump should be taken into account.
A simple proportion math ratio is done as follows.

Pump flowrate _ 1ml (1)
60 sec. X
2 0001

Pt from that x= 30 ms which means the pump should be ON

for 0.03 seconds in order to pump 1 ml of ethanol.
The next step is to determine the distance between the pump and the
nozzle inside the device.
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Volume

Q - TIme (2)
Volume (V) = Q.t
V =0.001 = 0.003

V =3%107° liter

V = Area * distance 3)
Distance (d) = Yolume

Area

The diameter of the pump hole is 10 mm

Area = x1? 4)
A =8mm?

d=037m=37cm

From the above, the distance between the pump and the nozzle is 37
cm.

D. Relay:

An electromagnetic switch is used to turn the circuit on and off using
a low-power signal (Figure 5). The relay came in two modes, Normally
Open and Normally Closed. Normally open (NO) means that, when the
relay is not energized, the contact is open. The same principle applies for
the Normally Closed (NC) mode: NC means the contact is closed when
the relay is not energized. (Tin et al, 2021; Alabed et al, 2021)

Figure 5 — Relay
Puc. 5 — Pene
Cnuka 5 — Penej

E. Liquid Crystal Display (LCD):

One of the flat panel displays uses liquid crystals in its operation.
Liquid crystals do not directly emit light. Instead, they use a backlight or a
reflector to create images. The LCD combines two states, solid and liquid,
as shown in Figure 6. The characters can easily be shown on the LCD
screen. (Kobayashi et al, 2021)
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Figure 6 — LCD
Puc. 6 — XKK-ducnnel
Cnuka 6 — /1L

F. Spray nozzle

A spray nozzle is a device that disperses liquids into a spray. The
three uses for the nozzle are: liquid distribution, widening the liquid surface
area, and producing impact force on a solid surface.

G. Power source

A 9-volt battery is used to power the Arduino controller and the other
parts of the system.

Experimental work

The functioning principles of the device depend on combining the
parts described in the previous section. The device represents a new idea
to prevent infections provoked by contamination with germs, or in this case
viruses. The functioning of the electronic circuit of the system is explained
in a few steps given below:

1 - The parts (PIR sensor, Water pump, LCD) are connected to the
Arduino.

2 - When an object approaches the PIR sensor, the sensor will detect
the radiation emitted from the object. Then the sensor sends a signal to
the controller.

3 - The Arduino will receive the signal, process it, and then send a
signal to the LCD and the water pump.

4 - After receiving the signal, the LCD will change the default message
that appears on its screen from “No motion“ to “Motion*.

5 - The system waits for 4.5 seconds and then the water pump
operates: it sucks the ethanol alcohol from the bottle attached to it and
sends it to the nozzle. In accordance with the program software, the water
pump is on for 30ms.

6 - The nozzle will spray the liquid onto the doorknob.

7 - An LCD message appears with the text of “No motion “
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The Electronic circuit and the complete device are shown in Figure 7
(A to D).

Figure 7 — Complete system
Puc. 7 — KomnnekcHasi cucmema
Cnuka 7 — KomninemaH cucmem

Results and discussions

The device proves to be reliable in use and accurate in spraying the
sterilizing material (ethanol) in a moment of use. However, we conducted
several case studies with the device to prove that.

A. Case study Number 1 ( Number of uses )

To measure the effectiveness of the device, we should calculate the
number of uses the device can endure. With a simple software code, the
PIR sensor also worked as a counter to count the number of people who
touched the doorknob. The counter reached up to 589 trials and the device
still performed properly as shown in Figure 8. This case depends on the
delay time for the PUMP "which in this case was 4.5 sec". Unlike
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(Vyawhare et al, 2020), we were to indicate the number of users of the
device.
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Figure 8 — Case study 1
Puc. 8 — N3yyeHue KoHkpemHoeo cnydas 1
Cnuka 8 — Cmyduja cnyqaja 1

B. Case study Number 2 ( Temperature )

In previous research studies, as in (Alenzi & Abdudayem, 2017;
Vyawhare et al, 2020), temperature increase or decrease was not taken
into account. In this work, we include temperature difference as a factor
that can affect the performance of the device. At standard room
temperature (25°C or 68 F), the device works very precisely, which means
the water pump will be ON for 30 ms. We raised the temperature for around
5 degrees and the device still worked properly with a slight difference -
hence the ON mode for the water pump is 45 ms. When we decreased the
temperature of the device for 5 degrees, the ON mode lasted for 35 ms,
as shown in Figure 9.

50
40
30

20
10

0
10 12 14 16 18 20 22 24 26 28 30 32

B Actual ON time ®Ideal ON time

Figure 9 — Temperature effect on the device performance
Puc. 9 — BnusHue memnepamypsbi Ha npou3eodumernbHOCMb ycmpolicmea
Cnuka 9 — Ymuuyaj memnepamype Ha ¢pyHKUUOHUCare ypehaja
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C. Case study Number 3 ( Overlap )

This is an important case study. When the “Motion* message appears,
it means that after 4.5 seconds the water pump will be ON. However, since
someone might hold the doorknob for 4.5 seconds, this is called an
overlap, and to overcome this problem we added another PIR sensor to
the system. The new sensor is located at a point of the door outside the
door to detect the next person trying to open the door. In this case, there
will be no delay for the water pump and it will start spraying alcohol
immediately. Research studies as in (Vyawhare et al, 2020) recommended
not using the device during the sanitation, but in this work we found a better
solution to that problem. Figure 10 shows a flow chart of the case study 3
process.

System ON

[ Delay 5 Sec. ]

Water Pump
[ ON

Figure 10 — Flow chart of case study 3 (Overlap)
Puc. 10 — briok-cxema uccriedogaHusi KOHKPemHo20 cryydas 3 (nepekpbimue)
Cnuka 10 — [ujazpam moka cmyduje crnyyaja 3

689

Satam, |.A. et al, Design and implementation of a smart sterilizing device to solve the doorknob contamination problem, pp.680-695



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 3

Figures 11(a) and 11(b) show the system performance with the
overlap before and after adding an extra PIR sensor. Figure 11(a)
represents the system without an additional PIR sensor. The result of the
system performance appeared to be a retest for the system which means
that the system with a new person touching the doorknob added extra
delay time to the old one, which means that alcohol was not sprayed by
the water pump. After the addition of the PIR sensor Number 2 to the
system, the performance status changed to “passed® (Figure 11(b).
Accordingly, the new condition for the system worked accurately.
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Figure 11 — System performance
Puc. 11 — lNpoussodumernibHOCMb cucmemb!
Cnuka 11 — QyHKUUOHUCare cucmema

690




Conclusion

This work deals with a problem of doorknobs contaminated due to
their everyday use. After a thorough study of the problem, the authors
came up with an idea to sterilize the knob and prevent potential infections
or diseases. The work in this paper is new and, more importantly, cost-
effective with a high accuracy. The major problem encountered at first was
the overlapping as mentioned in case study 3 in the Results and
Discussions Section but an effective solution was found. The device is
accurate, reliable, and useful for both private and public premises and all
kinds of doors with knobs. The controller used to operate the device, the
Arduino, is simple, easy to program, low in cost and with a very good
response speed, providing precise results. For future work, fuzzy logic can
be used in order to determine the amount of ethanol needed to be sprayed,
which will enable the water pump to be located at any part of the device.
A camera can be installed instead of a PIR sensor to solve the overlapping
problem.
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O6ynckuin yHnBepcuTeT, [okTopckas wkona 6esonacHocTu,
r. Bynanewr, BeHrpus

6 YHusepcuteTckuin konneax Anb-Kanawm, genaprameHt
BbIYMCIIUTENBHOM TEXHUKM, . Kupkyk, Pecnybnvka Mpak
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PYBPUKA TPHTW: 45.31.31 3nekTpunyeckme annapatbl HU3KOro HanpsiKeHus
B[O CTATbW: opurnHanbHasa Hay4YHas ctaTbs

Pesome:

BeedeHue/uenb: B 2020 200y BcemupHas — opzaHu3ayusi
30pasooxpaHeHusi obbsiguna MuUposyto naHOeMuro KopoHasupyca
(Covid-19). C mex nop coyuanbHoe OucmaHyuposaHue U
cmepunu3ayusi cmanu HeobxodumMbiMu Mepamu mpedocmopoXxHoCmuU
ons YMeHbUWEHUs pacripocmpaHeHusi UHGeKyuu. Puck
pacnpocmpaHeHusi KopoHasupyca rnobyoun nwdel, npoMbIUIEHHbIE
npednpusmus, a makxe rnpasumenibcmea 6HeOpPUMb HECKO/IbKO
crnocoboe KoHMpPOsisi Had CKOPOCMbIO pacrnpocmpaHeHusi supyca. Bo
spemsi ceoeli moscedHesHoU desimesibHOCMU Ha pabome, 8 Maza3uHax,
npu npueomosneHuU nuwu u np. modu npukacaromcsi K 60bUoMy
Konu4yecmey npedMemos, a makxe omkpbiearom  6ornbuwoe
Konu4yecmeo dsepell. A UMEHHO amo U cHumaemcsi 0OHUM U3 caMbiX
b6bIcmpbix crocobos pacrnpocmpaHeHUsl 8UpPycos, MOCKOMbKY MHo2ue
100U mpoaarom 08epHbIE Py4KU, KOMOPbIE 8 OCHOBHOM HE MakK 4acmo
de3uHgbuyupyromcesi.

Memodebi: B daHHOU cmambe npedcmasieHo npuMeHeHue 8b1200H020
YMHO20 ycmpolicmea, Komopoe pacriblisiem crupm Ha 08EepHYH0 PYYKY
rnocne kax0020 KoHmakma. [Jamyuk obHapyxueaem MpPUKOCHOBEHUE
PYKU K py4yke, rocre 4eeo rocbiiaem cuzsHan 6 Arduino 0Ons
obpabomku, a Arduino nocne 4,5 cekyHO rockiniaem cuaHas 8005SIHOMY
Hacocy, Komopbill Yepe3 COM/Io Hanpassiem cmpyro rNPsIMO Ha PyyKy.

Pesynbmambi:  Yempolcmeo roKka3bieaem G8epHble U MOYHbIe
pes3ynbmamsl, y4umbieasi KoIU4ecmeo KOHmMakmos u memrepamypy
OKpyXatouiel cpelbi.

Bbigodbi: Cucmema xopowo nodxodum 018 npuMeHeHuUs1 8 ogucax u
obwecmeeHHbIx 30aHusix. briaezodapsi ceoell PyHKUUOHaIbHOCMU OHa
rpes8ocxo0HO MoMozaem yMeHbWUMb 3a2psi3HeHUe OBEPHbIX PyYex.

Kntouesnle crioga: yMHbIU cmepuniudamop, Arduino, npugolsl, 0sepHasi
pyydka, 800siHOU Hacoc.

ON3AJH U TIPUMEHA MNMAMETHOTI YPEBAJA 3A CTEPUNTN3ALINIY
Y PEWWABAKY NMPOBINEMA KOHTAMNHALINJE KBAKA HA
BPATUMA

Uxab A6dynpaxma+H Catam?, ayTop 3a npenucky, Moxamen Y. 3aeHan®

2 CeBEPHU TEXHMYKM YHUBEP3NTET, OOcek 3a eNneKTPOHCKE TEXHUKE,
Mocyn, HuHuea, Peny6nvka Upak;
YHuepautet O6yaa, LLikona gokropcknx 6e36egHOCHUX CTyAuja,
BbyanmnewrTa, Mahapcka

6 YHuBepanTeTckn konel An-Kanam, PayyHapcKo-TEXHUYKU OCEK,
Kupkyk, Peny6nvka Wpak
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OBJIACT: payyHapcke Hayke, eNneKkTpoTeXHUKa
BPCTA UJTIAHKA: opuruHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: Ceemcka 30pascmeeHa opeaHu3lauuja je 2020. 200uHe
npoenacuna naHoemujy supyca kopoHa (kosud 19). O0 mada je dpxar-e
coyujanHe OucmaHuye u cmepunu3ayuja 00 CyuwmuHCKe 8axxHocmu jep
npedcmasrba npeseHMuBy 3a CMarbusarse UHgekyuje. Pusuk 00
wuperb-a Kosud supyca Haseo je rojeduHue, uHOycmpuje u enade Oa
fpuMeHe pasnuyume HadyuHe Kako bu ce 6p3uHa mpaHcMmucuje supyca
Opxxanna nod KOHMPOsioM. TOKOM C8aKOOHEBHUX aKkmueHocmu, rorym
obasesbarba riocrna, KyrnosuHe unu rpunpeme xpaHe, sbyou 0o0upyjy
8enluKu 6poj nospuwiuHa, a Hapoyumo Keake Ha epamuma, Wmo ce
cmampa jeGHUM 00 HajbpXKuX Ha4yuHa wupeHa aupyca.

Memode: Y pady je npednoxeHa npumeHa ucriamueoe MamMemHoa
ypehaja Kojum ce k8aka Ha epamuma rpcka emaHOsIOM 0C/ie C8aKoe
Kopuwhetba. HakoH wmo ceH3op demexkmyje AoOup o Keauu, cueHas ce
warbe ApdyuHy Ha obpady, a HakoH 4,5 cekyHOU OH 2a npocnehyje
800€eHOj MyMIu Koja Kpo3 MiasHULy ycmepasa mMiia3 emaHosna OUPeKmHo
Ha KeaKy.

Pesynmamu: Y3umajyfiu y o063up 6poj ynompeba u memrepamypy
OKOJIuHe ypehaj noka3syje npeyusHe U mayHe pesyrnmame.

Sakrbyyak: Cucmem je rnpumerug y roc/I08HUM U jagHUM 32padama.
Baxsarbyjyhu ce0joj hyHKYUOHarIHocmu Moxe bumu o0 eenuke nomohu
Mpu cMarbuBatby KOHmMaMuHauuje keaka Ha epamuma.

KrbyyHe peyu: namemHu cmepunudamop, ApdyuHo, akmyamopu,
Keaka Ha spamuma, eo0eHa rnymra.
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