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Hear we report the final results on developing the portable ozone generating device based on dielectric barrier
discharge (DBD) used for antiseptic treatment of wounds at the stage of evacuation and pre-medical care for their
further effective treatment. Special attention is paid to device programable operation algorithm and first tests on
elimination of various microorganisms are carried out. The developed program based on the PIC18F2550 microcon-
troller includes a number of simple but precise steps for setting up and implementing the desired functions of the

device.
PACS: 85.50.-n, 81.20.-n, 52.75.-d

INTRODUCTION

Problems in wound care are increasingly caused by
co-morbidities, as well as by the sharp increase in fur-
ther resistance to antibiotics [1, 2].

Gaseous ozone-based treatment is the process of
administering highly unstable gaseous ozone molecules
to treat a wound or a disease. The fundamental process
involves the generation and application of gaseous di-
rectly to the skin surface to promote wound healing,
antibacterial effect, and immunoregulation [3 - 7]. Addi-
tionally, because ozone has a long lifetime outside of
the plasma region and can be delivered as a gas flow, it
can increase the accessibility and application time sig-
nificantly through simplified systems without the direct
application of high-energy CAP plasma that can lead to
toxic and harmful effects to the skin tissue [8 - 11].

Directly applying gaseous ozone to the wound sur-
face using a portable system can provide a means to
administer the promising ozone therapy while eliminat-
ing the complex storage requirements and higher effica-
cy. It is crucial to develop a simple and swift reliable
technique for controlled and localized delivery of ozone
gases into the healing region.

The key functionality of DBD-based ozone genera-
tion systems is their ability to be powered through sim-
ple and low-power electronics, which can aid their port-
ability. Furthermore, many of such ozone-generating
setups are highly effective in generating ozone at room
temperature with ambient air, which is necessary to
develop a portable device.

In this research we report the final results of device
development, its programable operation, and first results
on microorganism’s elimination. The developed device
is easy to use and can be powered either from 12 V, in
the field, or from the mains in a hospital.

130

1. DESIGN OF DEVICE

The main view of the portable device in shockproof
case used for field conditions is shown in Fig. 1. On the
front side of the device a removable cap is maintained,
and on the back side there is a digital timer with set
buttons (left) and on/off switcher (right).

Fig. 1. The main view of the portable device
in shockproof case

The main printed circuits and elements of the porta-
ble device have been discussed in detail in [12].

In order to monitor ozone generation modes and de-
vice operation several oscillograms are discussed below.
In Fig. 2 the oscillogram shows two signals, the upper
beam indicates the shape of the control signal from the
microprocessor coming to the driver of the key field-
effect transistors.
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The duration of the control signals is 3 ms, this de-
termines the steepness of the rise of the leading edge of
the output voltage from the high-voltage transformer,
which is reflected by the lower blue beam in Fig. 2.
After 3 ms of the control signal, the power keys are
locked and the LC circuit formed by the inductance of
the secondary winding of the transformer and the intrin-
sic capacity of the ozone reactor freely performs
damped oscillations. Short flashes are visible on the
yellow beam in three places, on the leading edge of the
rise of the high-voltage signal, starting from 2.3 kV and
on the negative decline, also from 2.3 kV and on the
next half-period of the rise, at the same level. Further
oscillations occur below this level. These flashes are
streamer barrier discharges indicating ozone-generation
process. And the subsequent decaying process does not
participate in ozone formation, since the amplitude does
not reach the discharge formation voltages. The fre-
quency of control signals (upper beam) is 13.2 kHz. The
resonance frequency of the high-voltage signal is about
117 kHz.

On the oscillogram in Fig. 3, the upper yellow beam
reflects the nature of the key transistor control. It is
evident from this that the excitation of high-voltage
oscillations is not continuous reflecting 7 ms packets
with a frequency of 40 Hz. This mode allows flexible
setting of the optimal high voltage for the reactor at a
given power consumption, changing the duty cycle of
the pulse modulation. All control operations are per-
formed by the microprocessor.

2. DEVICE OPERATION PROGRAMMING

The device operating program provides:

* setting the time of the wound treatment process;

* control of the dynamic indicator that shows the
time of the wound treatment process;
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« indication of the current time of the device in digi-
tal form.

The portable device operation is implemented on the
basis of the integrated 8-bit PIC18F2550 controller with
RISK-architecture from Microchip Technology Inc. The
PIC18F2550 is widely used for the precision and suc-
cessful development of medical devices. The developed
program based on the PIC18F2550 microcontroller
includes a number of simple but precise steps for setting
up and implementing the desired functions of the de-
vice. The controller provides the operating timing, con-
trol of the dynamic indicator, device setting buttons.
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Fig. 4. Portable ozone device algorithm

After turning on the device, when the “START” but-
ton is pressed, the control program starts working ac-
cording to the signal and algorithm in Fig. 4:

1. Initialization of variables and constants;

2. Setting the nodes and pins of the microcontroller:

« setting timer values (TMRO, TMR1, TMR2, TMR3);

* ADC setting (3 channels);

« configuration of the Capture/Compare/PWM
(CCP) module, which allows measuring and monitoring
various events, as well as generating output signals with
pulse-width modulation (PWM);

« pins controlling the setting and START/STOP pro-
gram buttons;

« pins that ensure the operation of the dynamic indi-
cator.
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The RC6 input signal turns on the Start button, and
the RC7 signal sets the time value (+/-) of the treatment
process, controls the positions of the dynamic indicator,
which shows the countdown of the treatment process
and sets the period and duty cycle (PWM1 and PWM2),
which determines the ratio of the pulse repetition period
to the pulse duration (duty cycle).

Three analog ADC channels ensure the operation of
the device (reading and writing):

- AN1 regulates the pulse duration (2...18 ms);

- ANZ2 establishes the pulse duration (5...100 ms);

- AN3 regulates the pulse duration (1...3 ms);

After the wound treatment process is completed,
when the “STOP” button is pressed, the program ends.
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Fig. 5. Input signals

The input signals of the device are presented in
Fig. 5 and listed below.

Input signals:
P1(us) = 0.24xV(n);
P2(us) = 0.0049xV(n);
P3(us) = 0.24xV(n);
RC6 — Start button (ON/OF);
RC7 — Button for setting the time indicator value(+/-);
AN2 — Setting the period (50...100 ms), proportional
(analog signal (1...2 V));
AN3 — Setting the pulse duration (1...3 ms), propor-
tional (analog signal (1...3 V));
AN1 - analogue duration adjustment P3 (0.5...4V),
respectively (2...18 ms).

The output signals are as following and listed below:
RBO — charging the battery (pull-up resistor);
RB1 — Start button (pull-up resistor);
RB2 — Time 15 s (level 1);
RB3 —Time 30 s (level 2);
RB4 — Time 45 s (level 3);
RB6 — Time 1 min (level 4);
CCP — pulse width modulation (PWM) mode;
RA2 — Timer indication.

3. TESTS ON ELIMINATION
OF MICROORGANIZMS

To carry out experiments on microorganism’s elimi-
nation under ozone exposure, Endo Agar Base was used
which is differential and moderately selective medium
for the detection and confirmation of coliforms and
other intestinal microorganisms in water, milk, dairy
and other food products. The nutrient medium was
stirred in 1 liter of distilled water, boiled for 2...3 min
until the agar is completely melted, filtered through a
cotton-gauze filter, brought to a boil again, cooled to a
temperature of 45...50°C and poured into sterile Petri
dishes in a layer of 5...6 mm.
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Petri dishes with Endo Agar with sealed cultures of
Staphylococcus aureus, Shigella sonnei, Escherichia
coli, Pseudomonas aeruginosa have been enriched with
ozone concentration of 1...5 mg/l for various time
(Figs. 6, 7).

Afterwards, sowing was carried out in a thermostat
at T = 37°C for 48 h. The experiments have shown the
decrease of colony forming units (CFU) from 10 to 10
cfu/ml versus ozone exposition time and concentration-
type of sealed cultures. However, the sensitivity of bac-
teria to ozone varied enormously, depending on many
factors. These factors include environmental factors or
suspension media, laboratory conditions, the types of
organisms, the stages of cellular growth, time period,
the ozone concentrations, etc [13].

CONCLUSIONS

The results on developing the portable ozone gener-
ating device based on dielectric barrier discharge (DBD)
used for antiseptic treatment of wounds at the stage of
evacuation and pre-medical care for their further effec-
tive treatment. The portable device operation is imple-
mented on the basis of the integrated 8-bit PIC18F2550
controller with RISK-architecture from Microchip
Technology Inc. The first experiments on microorgan-
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ism’s elimination under ozone exposure revealed prom-
ising results decreasing surface bacteria contamination.
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MOPTATUBHUU MPUCTPIN, TEHEPYIOUYHI O30H JJIS1 TEPAIIIL PAH:
MPOTPAMYBAHHSI ITIPUCTPOIO TA INEPIII BUTIPOBYBAHHS
31 3SHUIIEHHS MIKPOOPT AHI3MIB

P.O. Ilagniuenko, A.B. Knocoscwvkuii, A.B. Tapan, I .Il. Onanecea, M.1. 30n0mompyéoesa,
O.I'. Yeuenvnuuywvxuii, ILLM. Boponyoes, I0.11. I'nioenko

[IpencraBisieMoO OCTaTOYHI PE3yNbTaTH PO3POOKU MOPTATHBHOTO O30HOI'€HEPYIOUOro MPUCTPOIO Ha OCHOBI Aie-
JeKkTpuyHOro Gap'eproro pospsny (IBP), skuil BUKOPUCTOBYETHCS I aHTUCENTHYHOT 0OPOOKH paH Ha eTarli eBa-
Kyallii Ta T0J1iKapChKol JOIIOMOTH 3 METOKO 1X MOJaJbIIOro e()eKTUBHOTO JiKyBaHHS. Oco0inBa yBara npuaiIseThes
NPOrpaMOBaHOMY AJITOPUTMY POOOTH MPHCTPOIO Ta IPOBEICHHIO MEPIINX BHIPOOYBaHb IOAO 3HUIICHHS Pi3HUX
MikpoopraHizmiB. Po3poOnena nporpama Ha 6a3i MikpokoHTposepa PIC18F2550 Bxiouae psig mpocTHX, ane Tod-
HHX KPOKIB JJIsl HAJIAIITYBaHHS Ta peaiizanii OaxxaHux (QyHKIIH MpUcTporo.
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