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The programmable controller for ozone-plasma sterilizer for programmatic operation of the units and continuous
monitoring of the sterilization process has been developed. The design of the controller is based on the model of the
PIC18F series microcontroller of the XLP family. The software that ensures the operation of the plasma sterilizer
(control and monitoring of parameters) is written in a specialized C++ software in the MPLAB IDE processing envi-

ronment under the Windows 10 operating system.
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INTRODUCTION

In the conditions of russian aggression, as well as
appeared pandemics, like COVID-19, there is an urgent
need to develop modern methods of cold sterilization.
Among these methods, one of the most prospective is
the technology of low-temperature plasma sterilization
[1 - 4]. The use of plasma sterilizers significantly reduc-
es the time (up to 20...30 min) for sterilization of medi-
cal instruments. It is also important to avoid using high
temperatures [5 - 7]. Cold sterilization using the novel
plasma technologies is promised to be a very safe and
efficient method of sterilization and disinfection.

Plasma sterilizer is a complex device, which in-
cludes a number of blocks and units. An important fac-
tor is the optimization of the design of each developed
element. Considering the complexity of the device and
the interaction of their individual units and blocks, the
need for their intelligent control and monitoring in an
automated mode becomes obvious. The listed require-
ments can be implemented by using a high-performance
integrated single-chip microcontroller as the basis of the
developed sterilizer program control device. Today,
such controllers include products of world leaders in the
production of integrated microcontrollers under the
trademark STM and Microchip Technology Inc (USA).

The aim of the present research is to develop a pro-
grammable controller for ozone-plasma sterilizer with a
dielectric barrier discharge reactor. In addition, it is
necessary to control the ultrasonic cleaning equipment
and ensure the control of the operation of the sterilizer
units in automated mode.

1. EXPERIMENTAL SETUP

The plasma sterilizer itself is designed for low-
temperature pre-sterilization cleaning and sterilization
of surgical and dental instruments, as well as products
made of plastic and other non-heat-resistant materials.
Sterilization of the processed material is carried out in a
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sealed bath with built-in ultrasonic emitters, in circulat-
ing distilled water saturated with ozone.

In order to optimize the design of the ozone reactor
and to test blocks and units of plasma sterilizer, a soft-
ware and hardware complex for diagnosing ozone steri-
lizers was developed and installed. With the help of
modernized testing line based on CAMAC platform;
optimal technical solutions are developed for correct
operation of the sterilizer being developed (Fig. 1).
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Fig. 1. Modernized testing line based
on CAMAC platform

Fig. 2 shows a front pannel of the sterilizer. Below
are some technical characteristics of the sterilizer:
chamber volume — 2.5 |, ozone concentration in the air
mixture (minimum) — 22 mg/l, ozone concentration in
water (minimum) — 6 mg/l, ultrasonic generator power —
(50) W, air consumption — 0.2 I/min. sterilization oper-
ating temperature — 5...28°C, maximum sterilization
cycle time — unlimited, rated supply voltage — 220 V +
10%, power consumption 190 W, operating time at
maximum humidity 98% — 200 h, dryer recovery time
(option) — no more than 8 h. The block diagram of the
sterilizer is shown in Fig. 3.
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Fig. 3. The block diagram of the sterilizer

The sterilization process takes place in an ultrasonic
bath with distilled water saturated with ozone. The
combined action of ozone and ultrasonic cavitation
significantly increases the efficiency of sterilization of
products. Water cooling contributes to higher ozone
concentrations.

2. RESULTS AND DISCUSSION

The programmable controller must ensure that the
sterilizer performs the operations protocol for a specific
scenario and material. In this case, the controller must
ensure the implementation of the following functions:

- setting the parameters of the sterilizer operation al-
gorithm;

- setting the parameters of ultrasonic treatment;

- setting the parameters of the required ozone con-
centration;

- setting the system purge time;

- operational control and management of the techno-
logical process in an automated mode, including indica-
tion of current modes;

- cyclic reading of meters, data processing;

- implementation of the necessary blocking;

- process completion signaling;

- giving an alarm signal in case of an emergency sit-
uation;

- ensuring the operation of the sterilizer in a remote
mode in the event of a possible short-term evacuation of
service personnel (for example, in connection with civil
defense activities);
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- the possibility of forming an archive of technologi-
cal processes and an event log.

The design of the controller is based on the model of
the PIC18F series microcontroller of the XLP family. A
distinctive feature of this family with a sufficiently high
performance is low power consumption. This makes it
possible to consider the development of a non-volatile
controller option as an option, taking into account the
real situation with the power supply. In cases of a tem-
porary power outage, the controller stores the current
process parameters in memory. When the power supply
is restored, the current situation is analyzed and the
suspended technological process is resumed according
to the optimal algorithm.

The microprocessor controller of the ozone sterilizer
structurally consists of a control board, an indication
panel and a stabilized DC power supply. The control
board contains: an integrated microcontroller, a quartz
oscillator, a stabilizer, a matching device, an optical
isolation device, controls, a sound piezo emitter, internal
and external connectors, a programming connector, a
COM-port connector. On the indication panel there are:
two 4-decade 7-segment LED indicators, — 4-discrete
LED indicators. Discrete LED indicators visualize the
current state of the sterilization process: ozone genera-
tion, ultrasonic cleaning, water pumping, air purge. One
of the 4-decade 7-segment LED indicators shows the
current time of the sterilization process in a countdown.
The second is the time of ozone generation, ultrasonic
cleaning or air purge according to the LED indicators.
There is an option to connect a 2-line LCD alphanumer-
ic display instead of two 7-segment LED panels.

The power supply of the ozone sterilizer controller is
carried out from a separate stabilized voltage source
+5 V. The power supply of the stabilized voltage source
is carried out from the AC network with a voltage of
220 V 50 Hz. Power consumption is less than 5 W.

When developing a controller for a plasma sterilizer,
it is necessary to take into account the main features of
the operation of a sterilizer with a dielectric barrier
discharge reactor:

- the duration of the sterilization process — up to
90 min;

- periodic switching on and off of ultrasonic emit-
ters;

- the ability to adjust the duty cycle of switching on
and off ultrasonic emitters;

- the ability to adjust the time of blowing the ozone-
air mixture through the destructor;

- activation of the sound alarm.

An audible alarm notifies the completion of the
sterilization process or the occurrence of an emergency
situation. The block diagram of the microprocessor
controller of the plasma sterilizer is shown in Fig. 4.

All processes in the sterilizer are controlled by a mi-
croprocessor module implemented on the basis of an
integrated single-chip microcontroller PIC18F46K?20.
The microprocessor is clocked by the built-in program-
mable generator Oscillator Module. The indication
panel (Indicator Panel) reflects the current operating
modes of the sterilizer.
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Fig. 4. The block diagram of the microcontroller

Pressing the “Power” button turns on the power sup-
ply that supplies voltage to the controller and the cool-
ing fans of the ozone reactor. Using the buttons “1”
(“Parameter setting”) and “2” (“Process”), the required
operating modes are set and the sterilizer is controlled.

Pressing button “1” starts the sterilizer program.
From the Data Memory module, pre-set parameters for
the upcoming sterilization process are read. The Top
Water Level / Bottom Water Level sensors are interro-
gated and the required level of distilled water in the bath
is checked. If it is lacking, the Buzzer piezo emitter
sounds an audible signal and displays the flashing in-
formation “H,0O” on the LED Panel.

The Block Unit bathroom lid lock is switched on.
The suction air pump turns on Suction Air Pump. Power
is supplied to the external oxygen concentrator. By
pressing the button “2” the ozone generator Ozone Gen-
erator turns on. The generator operation parameters are
set before the start of the process programmatically
using the interactive menu. The current ozonation time
is displayed on LED Panel 1 in a countdown format.

The oxygen-air mixture from an external oxygen con-
centrator enters the generator, where part of the oxygen in
the air is converted into ozone in a barrier discharge.
From the generator, the ozone-air mixture is fed into the
mixer, where the water is saturated with ozone.

Simultaneously with the Ozone Generator, the H,O
water pump is turned on. In the Mixer unit, the ozone-
containing air flow from the ozone generator is mixed
with distilled water. Then the ozonated water enters the
bath. The pump ensures constant circulation of the re-
sulting mixture through the bath with the material to be
processed.

Simultaneously with the Ozone Generator, the Ultra-
sonic Generator ultrasonic cleaning system starts to
work. Four Ultrasonic Emitters are connected to the
output of this generator.

Under the action of ultrasonic cavitation, the pro-
cessed material is cleaned and the ozonated water is
actively mixed, which contributes to the penetration of
ozone into narrow cavities of the sterilized products.
The effect of ultrasound causes the water to heat up. To
prevent the decrease in the ozone concentration in the
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water, the controller periodically turns off the ultrasonic
emitters when the water temperature reaches the upper
set limit. Periodic switching on and off of the ultrasonic
emitter according to the selected program occurs until
the end of sterilization. The current ultrasonic cleaning
process time is displayed on the LED Panel 2 in a
countdown format.

After the set sterilization time has elapsed, the gen-
erator power supply is turned off and ozone generation
stops. The timed by the controller process of purging the
remaining ozone from the bath begins. The purge time
is displayed on the LED Panel 2. The ozone-air mixture,
with a constantly decreasing 0zone concentration, enters
the destructor, where ozone decomposes. The end of the
sterilization process occurs at the command of the mi-
crocontroller timer programmatically. After the end of
the purge of the bath, an audible alarm is activated,
announcing the end of work. The corresponding mes-
sage “End” is displayed on LED Panel 2.

Using the UART microcontroller module and the
MAX232 serial integrated driver, a COM port is imple-
mented that supports the exchange protocol and the RS-
232 interface. At the end of the complete sterilization
cycle, at the command of the microcontroller, the entire
array of data characterizing the sterilization process car-
ried out is automatically sent via the serial RS-232 inter-
face to the local network computer to document the steri-
lization sessions with their certification. The possibility of
forming a log of emergency situations is provided.

The microcontroller is equipped with a Debugger
Module, an in-circuit programming module that allows
you to write programs to the controller's memory and
edit them through an external connector without open-
ing the device. For these purposes, the ICD-3 program-
mer-debugger (Microchip Co.) is used.
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Fig. 5. Programmer (top) and E)rinted circuit board
with microcontroller (bottom)

Fig. 5 shows the programmer and the mounted print-
ed circuit board of the microcontroller control unit. The
software that ensures the operation of the ozone steriliz-
er (control and monitoring of parameters) is written in a
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specialized C++ software in the MPLAB IDE pro-
cessing environment under the Windows 10 operating
system.

In order to increase the convenience of using the
sterilizer and improve safety, it is planned to equip the
control controller with a wireless interface and a meter
for the maximum allowable ozone concentration in the
working room. Such refinement will help to minimize
the time spent by operational personnel in the zone of
potential risk associated with the aggressive environ-
ment of the generated ozone.

CONCLUSIONS

The developed microprocessor device based on a
high-speed integrated microcontroller allows carrying
out a stable regulated technological monitoring of ozone
sterilization in accordance with the entered program.
With the help of a microprocessor controller, operation-
al control of the operation of the ozone sterilizer units
and control of the necessary parameters is provided.

Software development and debugging tools are
available from open sources from the manufacturer of
integrated microcontrollers (Microchip Technology
Inc.). This allows to quickly edit the developed applica-
tion software and adapt the operation of the ozone steri-
lizer to the actual conditions of the process.
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PO3POBKA MIKPOITPOILIECOPHOI CUCTEMM KEPYBAHHS HU3bKOTEMIIEPATYPHUM
IJIASBMOBHUM CTEPUJII3BATOPOM 3 YJIBTPA3ZBYKOBOIO KABITAIIIEIO

I'.II. Onanesa, 1.€. I'apkywa, A.B. Tapan, C.I1. I'vbapee, M.1. 3onomompyéoea, B.O. Maxnaaii, II.M. Boponuyos,
1O.11. T'uioenxo

Po3pobnero mporpaMoBaHUiT KOHTPOJIEP 030HOILIA3MOBOTO CTEpHITi3aTopa JJIsi aBTOMATHYHOI pOOOTH BY3IIB i
MOCTIHHOTO MOHITOPHHTY mpolecy crepumizamii. KoHCTpyKiis koHTposiepa 6a3yethcst Ha mozeni cepii PICI8F
cimeiictea XLP. IIporpamue 3abe3reucHHs sl pOOOTH MJIa3MOBOT0O CTepHIIizaTopa (KOHTPOJIb I MOHITOPUHT mapa-
MEeTpiB) HAMMKUCAHO Ha crerianizoBaniit MoBi C++ y cepemosuii 06po6ku MPLAB IDE mif ynpasiiHHAM oTmeparriii-

Hol cucteMu Windows 10.
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