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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.

KEYWORDS: smart sterilizer, arduino, actuators, doorknob, water pump.
Pe 310Me:

Beeacnue/ueas: B 2020 ropy Bcemupnas opraHmsanmst 3apaBOOXpaHCHHs OODBABHAQA MHPOBYKO MAaHACMHIO KOPOHaBHpPYCa
(Covid-19). C Tex mop conuasbHOE AHCTAHIIMPOBAHHE M CTEPUAMBAIUS CTAAU HEOOXOAUMBIMU MEPAMH MPEAOCTOPOKHOCTU
AASL YMCHBIICHHS PAaCIpOCTpaHeHHs MHPeKUuH. PHCK pacnpoOCTpaHEHUs KOPOHABUPYCa MOOYAHA AKOACH, IPOMBILIACHHBIC
IPEAIPUSITHS, A TAKKE IPABUTECABCTBA BHEAPUTh HECKOABKO CIOCOGOB KOHTPOAS HaA CKOPOCTBIO PaclpOCTpaHeHus! Bupyca. Bo
BpEMs CBOCH IOBCEAHCBHON AEATCABHOCTH Ha paboTe, B MarasuHax, IPU IPHIOTOBACHHH IHIIM U IP. AIOAM IIPUKACAIOTCSA K
GOABILIOMY KOAUYECTBY IPEAMETOB, & TAKOKE OTKPHIBAIOT OOABIIOE KOAHYECTBO ABEPEt. A HMCHHO 3TO U CYMTACTCS OAHMM M3 CAMBIX
GBICTPBIX CIIOCOOOB PACPOCTPAHEHHSI BUPYCOB, IIOCKOABKY MHOTHE AIOAU TPOTAIOT ABEPHBIC PYUKH, KOTOPbIC B OCHOBHOM HE TaK
4aCTO ACBHHPUIIHPYIOTCA.

Meroasr: B AaHHOI! cTaThe IIPEACTABACHO IPUMEHEHHE BRITOAHOTO YMHOTO YCTPOCTBA, KOTOPOE PACIIBIASET CIIHPT HA ABEPHYIO
PYUKY IIOCAE KQXKAOTO KOHTaKTa. AaT4uk 0OHAPy>KUBAET IPUKOCHOBEHHE PYKHU K PYHUKE, [IOCAE YETO MOChIAACT curHaa B Arduino
At 06pabotky, a Arduino mocae 4,5 ceKyHA ITOCBIAACT CUTHAA BOASIHOMY HACOCY, KOTOPBIH 9€PE3 COIAO HAIIPABASIET CTPYIO IPSIMO

Ha pYUKy.
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PesyabraTsl: YcTpOHCTBO MOKA3BIBACT BEPHBIC M TOYHBIC PE3YABTATHI, YUHTHIBASI KOAHYECTBO KOHTAKTOB H TEMIICPATYpPY
OKPY>KaIOLIEH CPEABL.

BeiBoapr: CrcreMa XOpOIIO ITOAXOAMT AAS IPUMEHEHHS B OpHCAX U OOILIECTBEHHBIX 3AAHUSAX. baarosaps  ceoeit
$YHKIIMOHAABHOCTH OHA MPEBOCXOAHO IIOMOTA€T YMEHBUIUTD 3arPsA3HEHHE ABEPHBIX PydeK.

KnwodueBbo e cJ 0B a: yMHBIH CTEPUAU3ATOP, Arduino, IIPUBOABI, ABEPHAS PYYKa, BOASHOM HACOC.

ABSTRACT:

VBoa/1usm: Ceercka 3ppaBcTBeHa opranusanuja je 2020. roauHe NporaacuAa IMaHAEMHjy BUPYCa KOPOHA (xoBup 19). Op Tapa je
APXKambe COLMjaAHE AUCTAHLIE M CTEPUAM3ALIN]jA OA CYLITHHCKE BXXHOCTH jep IPEACTABAA IPEBEHTUBY 32 CMAbUBakbe HHPEKIIH]E,
Pusuk op mupema KOBHA BUPYCa HABEO je MOJEAMHIIC, HHAYCTPHUjE U BAAAC Ad IIPHMEHE PasAHYHUTE HAYMHE Kako Ou ce 6p3nHa
TPaHCMMCHjEe BHPYCA APXKAAd IIOA KOHTPOAOM. TOKOM CBAKOAHEBHHX aKTHBHOCTH, NONYT O0aBAabha MOCAA, KYIOBMHE HAM
IpUIpEMe XPaHe, SYAH AOAUPY]Y BEAHKH OpOj IOBPIIMHA, A HAPOUYMTO KBAKE HA BPATHMA, LUTO CC CMATPA JEAHHM OA HajOpIKux
HAYHHA IIHPEH-a BUPyCa.

Meroae: Y paay je npeasoskeHa IPUMEHA HCIIAATHBOT IAMETHOT ypehaja KojuM ce KBaka Ha BpaTHMa IPCKa €TAHOAOM ITOCAE CBAKOT
xopuiherma. HakoH IITO cCeH30p ACTEKTyje AOAHP ITO KBAL{H, CUTHAA ce Wane APAyHHY Ha 06pasy, a HAKOH 4,5 CEKYHAM OH ra
npomel’)yje BOAEHO] IyMITH KOja KPO3 MAA3HHIly yCMEPaBa MAA3 €TAHOAA AUPEKTHO Ha KBaKy.

Pesyararu: Yaumajyhu y 063up 6poj ynorpeba u remneparypy okoante ypehaj moxasyje npenusHe 1 TauHe pesyarare.

3aKA>y'{aK: Cucrem j€ NPUMEUB y TOCAOBHHUM H jABHUM 3rPaAaMa. 3aXBaA>yjth CBOjOj (l)yHKHI/IOHaAHOCTI/I MO>Ke OUTH 0A BEAUKE
HOMOhI/I HPI/I CMaH)I/IBaH)y KOHTaMI/IHaL[I/IjC KBaKa Ha BpaTI/IMa.

KEYWORDS: mamersu CTEPHUAU3ATOP, APAyI/IHO, AKTYaTOpH, KBaKa Ha BpaTUMa, BOACHA ITyMIIa.

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.
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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.

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.

Sensor

“

FIGURE 1

Existing system of a smart sterilizer
Puc. 1 - CyuiecTByiowmas cHCTeMa YMHOTO CTEPHAM3ATOPA
Caunxka 1 - ITocrojehu cucrem mamerHor crepuansaropa

Motion Senso

Water Pump

Relay

FIGURE 2
System hardware sketch

Puc. 2 — Dckus cucTeMbl anmapaTHOro obecredeHus

Canxa 2 — Ckurja XapABEPCKOT CHCTEMA
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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
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
Canxa 3 — Apaynso

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.

683



VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2022, VOL. 70, NO. 3, JULY-SEPTEMBER, ISSN: 0042-...

Back Side of Module Front Side of M
Ground / Output  peasitive VYoltage / Vec
Megative 5V to 12¥ DC
Supply / b
AL \‘ AV Regulator
Connection

RT Connection

BISS0001

Chip
“
I Time Delay
Trigger Modes Adjustment
FIGURE 4
PIR sensor

Puc. 4 — Aatuux PIR
Cauxka 4 — ITHP censop

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;
Duetal, 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.
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TABLE 1
Water pump speciﬁcations

Model CHI70-64
Rated & Dy
voltage

Ratred IEOmA
CUTTEnt

Inflation | 10s

tirmne

Pump 2 LM
flomwe

rate

Pressure | SOmmHg
Life test | 20000

Tabanna 1 — TexHUYECKHE XaPAKTEPHCTHKH BOASHOTO HACOCA
Tabeaa 1 — Crenudukaruje BoAcHe mymie

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 flow rate 1ml

60 sec. X "

2= 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.

Q = TIme

Volume (V) = Q.t
I/ =0.001 % 0.003
V =3x%107" liter

Volume
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V = Area * distance
. Vol
Distance (d) = ———

Area

The diameter of the pump hole is 10 mm

Area = 1T * 1%

A = 8 mm?*
d =037 m=37cmn

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)
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FIGURE 5
Relay

Puc. S — Pese
Cauka S — Peaej

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 casily be shown on the LCD screen. (Kobayashi et al, 2021)
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FIGURE 6
LCD

Puc. 6 — J)KK-pucnaeit
Cauka 6 — ALTA

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®.
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S. 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 “

The Electronic circuit and the complete device are shown in Figure 7 (A to D).

FIGURE 7
Complete system

Puc. 7 — Komnaexchas cucrema

Cauxa 7 — Komnaeran cucrem
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
(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 — Msyuenne koHKpeTHOrO cAyyas 1
Camnxa 8 — Cryanja caydaja 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.
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50
40
30
20
10

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

B Actual ON time M Ideal ON time

FIGURE 9
Temperature effect on the device performance

Puc. 9 — Bansinue reMirepaTyphl Ha IIPOM3BOAUTEABHOCTD YCTPOHCTBA
Cauxa 9 — Yruuaj reMneparype Ha pyHKIHOHHCame ypehaja

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.
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System ON ]

[ Delay 5 Sec. ]
i

Water Pump ]

ON

FIGURE 10
Flow chart of case study 3 (Overlap)

Puc. 10 — Baok-cxema HCcACAOBaHHS KOHKPETHOTO cay4ast 3 (mepexphiTHe)
Camnxa 10 — Aujarpam Toxa cryauje caydaja 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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1410

FIGURE 11
System performance

Puc. 11 — IIpousBoAUTEABHOCTb CHCTEMBI

Cauka 11 — Oynxiponncame cucrema

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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