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In this study, the authors developed a smart, high power of 
disinfection machine using IoT technology. This disinfection 
machine generates super fine fog from H2O2 solution by utilizing 
pressure-swirl airblast atomizer. This machine sprays the H2O2 
fog into the air inside the operating room in hospitals to disinfect 
and make the environment clean. The operation of the 
disinfection machine is totally remote controlled via mobile 
application using Bluetooh Low Energy (BLE) communication 
technology. All operating parameters are remotely, real time  
monitored and controlled. In addition, the machine operation 
history of are fully collected and stored both on a memory card 
in control circuit board and on cloud database. Furthermore, the 
heat generation from the integrated circuits (ICs) or chip and 
electronic components on the control printed circuit board (PCB) 
is also studied in order to prevent the overheating of the 
components which cause malfunction or instability of the 
machine. The results show that the temperature of all the 
electronic components on the control PCB during working is 
within the temperature allowance, and the disinfection machine 
works well.     
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1 INTRODUCTION  

Recently, together with the development of internet and 
wireless communication technologies, the development of 
internet of things (IoT) is blooming in many fields such as home 
appliances, healthcare services, industrial sectors, and 
agricultural sectors, etc. IoT is considered as a revolution for the 
next technology era which is changing human lives in a way 
never imagined before. An IoT system is dynamic and self-
configuring network of physical and virtual objects which are 
powered with interoperable communication protocols, media 
and standards [1-3]. In IoT world, smart objects are connected 
with each other which enables real-time interaction between 
machine-to-machine, human-to-human and machine-to-human 
even at a long distance. IoT brings a lot of advantages such as 
providing real-time resource visibility, real-time controllability 
and automation of the connected devices, reduced costs and 
improved operational efficiency, etc. Therefore, a lot of efforts 
have been put in research and development of IoT systems 
applying in smart home [4-7], educational applications [8-10], 
healthcare and medical services [11-13], industrial 
manufacturing systems [14, 15] and agricultural fields [16,17], 
etc. 
Smart home together with IoT means that any appliances in 
houses are possibly  communicated and interacted with the user 
through the internet, and the information of all the connected 
decives in the house can display on screens of smart devices. 

Hence, smart homes make human life easier and more 
convenient by saving effort, time, and resources. Recently, a lot 
of attractions from researchers have been put in research and 
development of smart home systems and applications. Smart 
homes systems based on PLC control were reported [5,18-20] in 
order to control the operation of the in door electrical devices 
such as light bulb, air conditioner, fan, switches, power socket, 
etc. Furthermore, smart homes systems were developed by 
using different controller and kit such as Adruino [6,21,22], and 
ESP32 microcontrollers [7,23,24].   
In addition, IoT systems are also developed for remote 
laboratories in education sectors [8-10] which enables students 
to conduct experiments remotely. These kind of distance 
laboratories are very usedful and highly desired in case of 
sharing complex and expensive facilities or in case of serious 
pandemic such as Covid-19.   
Moreover, IoT is intensively developed and applied in the 
healthcare field [11-13]. Up to date, IoT in healthcare is 
considered one of the most popular technological trends all over 
the world. A lot of IoT systems and applications have been 
developed and applied in healthcare in order to improve the its 
efficiency, accessibilty, convenience, and reduce operation costs 
[11-13]. Joseph S. et al. [25] developed an IoT intravenous drip 
monitoring system including both hardware and software which 
collecting real time health data from patient and automate 
droplet monitoring systems. Moreover, heart rate, blood 
pressure, temperature, and fluid level were monitored in real 
time via Bluetooth media, and alert messages would be sent to 
nurses or medical staffs if one of these values were out of 
threshold. The result of this research was helpful to reduce 
adverse effects of intravenous drip injection in hospitals. 
However, the operation stability of this system was not 
mentioned. Especially, when the number of in-used devices is 
large, the data transformation is large, the heat generated from 
the controller and PCB would cause malfunction of the system. 
Nursuwars F.M.S. et al. [26] reported an Development of an 
RFID-based nurse call IoT system which allows patients to 
remotely call nurses or other healthcare staff for the support. 
Against, this system was only prototyping demonstration about 
the conceptual function. The heat generated from the controller 
and PCB was not mentioned. This issue is very important to the 
operation stability of the system. Narendra K. S et al. [27] 
developed a real-time health monitoring system which includes 
hardware (i.e. Raspberry Pi 3, GSM and Wi Fi module, blood 
pressure, heart rate and temperature sensors) and applications 
on both computer and smart phone. The system can collect basic 
health parameters of patients and store in the database by 
means multiple modes of communication. Therefore, the risk of 
lossing track of data of a patient is minimized. However, the heat 
generated from the controller and PCB of the prototyping 
system was not considered. Some other IoT systems for fall 
detection of elder people were also reported [29-30]. These 
system is a warable device which normally includes controller, 
integreated accelerator sensors and gyroscopes, and wireless 
communcation modules. Base on the suddenly changes in 
accelerates collected from wearable device on people, the fall is 
detected. Heat arising from the electronic components on the 
wearable device is a crirical issue which affects not only the 
performance of the devices, but also affect the comfortness of 
the people using the device. Nevertheses, the heat generation 
from the developed devices were not studied and presented. 
In this study, the authors developed a smart disinfection 
machine which the machine operation can be controlled and 
monitored via an application in a smart phone. The machine is 
able to generate super fine fog from H2O2 solution by using a 
pressure-swirl airblast atomizer. The machine operating 
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parameters such as working time, disinfection location, air blow 
motor temperature, H2O2 solution level, output disinfection 
solution concentration, etc. are real-time monitored and 
controlled. The machine can be operated with several pre-
setting modes (quick start modes) or advanced mode 
(customizable mode). In addition, the operation history of the 
machine are fully collected and stored both on a memory card 
on controll PCB and on cloud database. It is possible to retrieve 
pre-setting operation parameters which were used in previous 
sessions for a specific room by using registered quick response 
code (QR code) for the room. By tracking the operation history 
of the machine, suitable maintenance activities can be 
conducted. Therefore, it improves the efficiency and life time of 
the machine. Since, heat arising from integrated circuits (ICs) or 
chip, electronic components on the control printed circuit board 
(PCB) plays key roles on the stable performance and life time of 
the machine. Therefore, it is necessary to study the heat 
generation from the electronic components on the control PCB 
in order to ensure all the electronic components are operated 
under the normal conditions. In this study, the heat generation 
from electronic components on the control PCB is studied by 
both simulation and practical experiments. 

2 DESIGN AND MANUFACTURE OF SMART DISINFECTION 
MACHINE 

In this research, the authors developed a smart, high power of 
disinfection machine which the generates super fine fog from 
H2O2 solution by utilizing pressure-swirl airblast atomizer. 
Figure 1 shows the design, arrangement of components, and the 
manufactured disinfection machine developed in this study. 

 

 

Figure 1. 3D model design and manufactured disinfection machine  

The working principle of the disinfection machine is described in 
the Figure 2. The H2O2 solution of 5% concentration is supplied 
into a pressure-swirl airblast atomizer by using a peristaltic 
pump. In addition, air is blown into the pressure-swirl airblast 
atomizer by using an air blow motor (Lamb Ametek 119625). The 
air flow rate is 50 l/s, and the flow rate of H2O2 solution is 
controllef from 30 ~ 40 ml/min. Under the pressure-swirl airblast 
inside the atomizer, the H2O2 solution is seperated and splited 
into fine fog at the outlet of the atomizer. The fine H2O2 fog is 

blown and diffused into the room space which would be 
disinfected. 

 

Figure 2. Working principle diagram of the disinfection machine 

Figure 3 (a). shows the block diagram of the control system of 
the disinfection machine. The system consists of the following 
units:      

- Center processing unit (CPU): This is the main control unit 
of the machine. The CPU receives the operation control 
commands from the wireless communication unit (WCU) 
via the Bluetooth protocol. Furthermore, CPU also assures 
the proper operation of the disinfection machine and 
avoids the problems such as over heat, run out of 
disinfection solution. This is because the CPU continuously 
collects the data from thermocouple and loadcell, and 
controls the working condition of the machine in a 
predefined proper range.       

- The sensor unit consists of thermocouple, loadcell, and a 
programmable real time units. The thermocouple measures 
the temperature of the air blow motor which is the main 
power consumption component of the disinfection 
machine. The loadcell dynamically measures level of H2O2 
solution remaining inside the container. This sensor unit 
measures the working condition of the machine such as the 
temperature, the disinfection solution level, etc. and sends 
the data to the CPU.  

- Power electronic unit (PEU): The role of this unit is to 
amplify the control signal from CPU to the electrical 
components such as turning on/off the air blow, adjusting 
the flow rate of the peristaltic pump, etc. 

- Wireless Communication Unit (WCU): this module helps the 
CPU to communicate with remote control device such as a 
smart phone via Bluetooh Low Energy (BLE). All the working 
parameters of the disinfection machine are controlled, 
monitored, and collected via this application, and then 
sends this data to the database on cloud.  

- The data storage unit (DSU): stores the working data of 
disinfection machine into a flash memory card integreted 
on the PCB for further processing and analyzing working 
data of the machine. The working data of the machine is 
temporatorily stored on the flash memory card for some 
period of time. As soon as the the data is synchronized on 
cloud database, the memory of the card can be released.    

- The power supply: supplies proper electrical power for the 
whole system.  

Figure 3 (b). shows the connection diagram of the components 
of the control system with the connection indentification 
numbber (ID number, ie. The input – output ID). 
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(a). The block diagram of the control system of the disinfection machine 

  

(b). Connection diagram of components of the control system of the 
disinfection machine. 

Figure 3. Block diagram and connection diagram of the components of 
the disinfection machine 

Figure 4 (a). shows the design of the control PCB of the 
disinfection machine. The control PCB is designed using Altium 
designer software. Figure 4 (b). shows the connection diagram 
between the components of the disinfection machine and the 
control PCB. Figure 4 (c). shows the manufactured control PCB 
after completing wiring with the components of the disinfection 
machine.  

 

 
 

(a). Design of control PCB of the disinfection machine 

 
 

(b). Connection diagram of components with the control PCB of the 
disinfection machine 

 

 
 

(c). Manufactured of control PCB of the disinfection machine 

Figure 4. Control PCB and connection of components of the disinfection 
machine 

3 DEVELOPMENT OF MOBILE APPLICATION FOR CONTROL 
DISINFECTION MACHINE 

 
In this study, the control application is developed by using Flutter 
inside Android Studio. Flutter is an open-source Software 
Development Kit (SDK) which provides tools to quickly design the 
user interface for both smart phone, website, and personal 
computer. The database of the control mobile application is 
stored on the cloud by using Firebase which is a set of backend 
cloud computing services and application development 
platforms provided by Google. The application is built for smart 
devices running in Android operation system.  
Figure 5 shows some main tabs of the user interfaces of the 
application for Android smart phone. Figure 5(a) shows the login 
interface where an user uses a registered account (i.e. Email 
address and password) to login the application to operate the 
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disinfection machine. Figure 5(b) shows the quick run interface 
where an user can run the machine quickly with default settings 
from manufacturer; the user can set the working time 
conveniently for the spray session. Figure 5(c) shows the check 
component interface where an user can test working properly 
status of each component such as air blower motor, peristaltic 
pump, alarm, etc. independently or simultaneously. Figure 5(d) 
shows the machine setting interface where an user can do all the 
setting for the machine such as setting bluetooth connection, 
setting disinfection condition parameters, etc. Figure 5(e) shows 
the machine working history interface where an user and the 
manufaturer can track the working history for every run session. 
The working history is then used for evaluate the quality of the 
machine, and also used for maintenance planing.  
Figure 5(f) shows the maintenance history interface where an 
user and the manufaturer can track total working time of the 
machine, the number of errors occurs and maintenance history 
of the machine. A warning for maintenance activity is also 
recommended for users based on total working time of the 
machine.   
 

   

                   (a)                                       (b)                                     (c)                          

        

   

                  (d)                                        (e)                                     (f)            

Figure 5. User interfaces of the application in Android smart phone; (a) 
Application login interface; (b) Quick run interface; (c) Test main 
components interface; (d) Setting disinfection parameters interface; (g) 

Machine run history interface; (f) Machine maintenance history interface     

4 STUDY HEAT DISTRIBUTION OF THE CONTROL PCB 

 
The heat generated from the control PCB plays key role on the 
stability opertation of the disinfection machine and the lifetime 
of the electronic components. It was reported that more than 
50% of all integrated circuit (IC) failures caused by the failure of 
thermal management [31, 32]. In addition, it is also reported that 

a 10°C increment in operating temperature of the electronic 
devices can cause a 50% reduction of lifetime of the devices [33, 
34]. Therefore, it is necessary to study and evaluate the heat 
generated from the control PCB of the disinfection machine. In 
this work, the heat distribution on the components and the PCB 
is studied by using both numerical simulation tool and practical 
measurements to validate the heat generation results. The heat 
simulation is conducted using the Hyperwork CFD software. 
Then practical measurement of the temperature of the 
components conducted by using thermistors attached directed 
on the components. 
 
4.1 Nummerical simulation of heat distribution of the control 

PCB 
Figure 6 shows the model used for studying heat distribution on 
the control PCB. Three main heat sources generated in the 
disinfection machine are: (1) heat generated from the air blow 
motor; (2) heat generated from the power supply; and (3) heat 
generated from the electronic components on the control PCB. 

 

Figure 6. Model for studying heat distribution of the control PCB of the 

disinfection machine 

In order to calculate the heat generated on the electronic 
components on the PCB, firstly, the heat generated from the air 
blow motor and from the power supply is studied. Then, it is 
assumed that these two heat sources are stably affect on the 
heat distribution of the control PCB by the convection effect. The 
heat transfer by radiation is too small so that it is negligible. The 
heat genetated on the control PCB is come from not only 
operating electronic components on the PCB, but also from the 
heat transfer from the air blow motor and from the power 
supply by convection effect.   

Figure 7 shows the simulation results of heat distribution of the 
electronic components on the control PCB. It is observed that 
the temperature of the components is varied from 308.9 K to 
315.2 K (or 35.7 oC ÷ 42.2 oC). The simulation temperature and 
the working temperature range of each electronic components 
are show in the Table 1.  

 

Figure 7. Heat distribution of the insulating case of the air blow 

It is found that the maximum temperature of the all components 

is about 315.2 K (or 42.2 C) which is in the normal working 



 

 

MM SCIENCE JOURNAL I 2023 I OCTOBER 

6749 

 

temperature range of all components. Therefore, from the heat 
generation point of view, all the electronic components work 
well.   

   

N
o 

Photo of 
componen

ts 

Name of 
compone

nts 

Watts per 
unit 

volume 

(W/m3) 

Simula
tion 

Tempe

rature 
(oC) 

Normal 
Working 
Tempera

ture (oC) 

1 

 

74LVC125

AD 
877192.9 37.5 -65÷150 

2 

 
D882 2058823.5 37.4 -55~150 

3 
 

DS3231 2116402.1 41.7 -40~85 

4 
 

ESP32 760456.3 42.2 -40~105 

5 
 

HX711 126948.1 35.7 -40~85 

6 
 

IRF540N 426439.2 41.2 -55~175 

7 
 

LM2576 1173708.9 41.7 -40~125 

8 
 

NCP1117 2414634.1 38.5 -40~125 

9 
 

PC817XI 185185.2 39.0 -30~100 

Table 1. Simulation temperature and specifications of the electronic 
components of the control PCB. 

 

4.2 Measurement of the temperature of electronic 
components on the control PCB 

 
In order to verify the simulation results of heat generated from 
electronic components on the control PCB, the temperature of 
these components on the control PCB was measured by using 
thermal sensor (NTC MF52 thermistor).  
Figure 8 (a). shows the diagram for measuring temperature using 
a thermistor. The temperature measurement signal was 
collected by using Tera Term software. The signal is collected in 
every 2s. Figure 8 (b). shows the setup of temperature 
measurement of the some main electronic components on the 
control PCB using the thermistors. The NTC MF52 thermistors 
were attached on each electronic components by using thermal 
paste (Arctic MX-4 thermal compound) and the electrical tape. 
The attachment of thermistors on the electronic components is 
conducted carefully so that the contact between the thermistors 
and the components are tight and durable during the heat 
measurement process.   
In this work, the temperature measurement was conducted for 
the electronic components which the temperture is higher than 
313 K (or over 40 oC, i.e. ESP32, DS3231, IRF540N, LM2576 
components as shown in Table 1. The room temperature is 
maintained at 25 oC by using air conditioner. The disinfection 
machine was turned on and continuously operated for 60 
minutes, and temperature of the electronic components is 
recorded.  

 

 (a) Diagram for measuring temperature using thermistor 

 

(b) Attachment of thermistors on the electronic components  

Figure 8. Measuring temperature of electronic components using 
thermistors  

 
Figure 9. shows the variation of the temperature of the 
electronic components (i.e. the temperature of the ESP32 as in 
Figure 9. (a), the temperature of the IRF540N as in Figure 9. (b), 
the temperature of the DS3231 as in Figure 9. (c), the 
temperature of the LM2576 as in Figure 9. (d)) when the 
disinfection machine continuously operates for 60 min.  

 

   

(a) Working temperature of ESP32 in 60 min. 
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(b) Working temperature of IRF540N in 60 min. 

 

(c) Working temperature of DS3231 in 60 min. 

(d) Working temperature of LM2576 in 60 min. 

Figure 9. Variation of working temperature of the electronic 
components on PCB measured in 60 min. 

It is found from the Figure 9 that for all the electronic 
components, the temperature is increased in about the first 15 
min. and then it becomes stable. This implies that all the 
electronic components are warmed up during the first 15 min. of 
running, after that their temperatures reach a stable state and 
the average temperature of each electronic components is 
almost constant. It is observed from the Figure 9 that the 
working temperature of ESP32, IRF540N, DS3231, and LM2576 
in the stable state is about 50 oC, 45 oC, 45 oC, and 44.5 oC, 
respectively. 

Figure 10. shows the comparision of the simulation results and 
the measurement results of the temperature of the electronic 
components at the stable working state. It is found that for all 
the electronic components, the practical working temperature is 
slightly higher than the simulation temperature. This may be 
because following reasons: first and formost, the practical room 
temperature may be higher in the setting value in the simulation. 
In pratical experiment, the room temperature is controlled by 

using the air conditioner. Therefore, it could cause the non-
uniform temperature in the room. In addition, their might by 
some difference between the setting in simulation (i.e. the 
materials properties of the components) and the the practical 
model. Last but not least, the practical working efficiency of the 
electronic component might be lower than the theory value as 
published in its datasheet. The loss of efficiency of the 
component is transferred in the form of heat. Therefore, the 
practical measured temperature of the electronic components is 
slightly higher than the simulation result. It is also found from 
the Figure 10 that the both simulation and practical measured 
temperature of all the electronic components are in the normal 
working temperature range. Therefore, the control PCB is 
worked well.  

 

 

Figure 10. Comparision between simulation and measurement 

temperature of the electronic components on PCB 

Besides developing IoT control system of the disinfection 
machine and study the heat generation of the control PCB, it is 
important to study the effects of the atomizer structure on the 
formation of the generated fog flow. The optimization of the 
atomizer structure of the disinfection machine in order to 
achieve powerful fog flow with fine fog particle diameter is being 
researched. The results will be presented in our next 
publications.      

5 CONCLUSIONS 

In this study, the authors developed a smart, high power of 
smart disinfection machine using IoT technology. The 
disinfection machine are totally remotely controlled via an 
application  installed in an Android smart phone, and all 
operating parameters are real time monitored. Moreover, the 
operation history of the machine are fully collected and stored 
both on a memory card and on cloud database. In addition, the 
heat generation from the integrated circuits (ICs) or chip and 
electronic components on the control printed circuit board (PCB) 
is also studied by both simulation and pratical measurement. 
The results show that the simulation results of temperature of 
the electronic component is slightly lower than the practical 
measurement value. The highest temperature occurs at the 
ESP32 which is the main control ICs on the control PCB. The 
temperature of ESP 32 during stable operation is around 50 oC 
which is in the normal working temperature. It is also found that, 
all the temperature of all electronic components are in the 
normal working range. Therefore, the disinfection machine 
developed in this study can work well.     
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