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DEVELOPMENT OF INDICATION SYSTEM
OF MOBILE ULTRASONIC SURGICAL INSTRUMENT

Prevalence of gunshot wounds in modern world is associated with criminalization of society,
terrorist threats, increase of a number of local military conflicts and civil unrest. The search and de-
velopment of methods for reducing blood loss, accelerating the healing of postoperative wounds and
scars resorption is an important task of modern surgery, the solution of which is facilitated by the use
of ultrasound. The use of ultrasonic surgery in military medicine and the use of piezoelectric elements
as the source of ultrasound are perspective.

Primary surgical treatment of wounds is the main method of preventing the development of se-
vere infectious complications of gunshot wounds. When using an ultrasonic surgical instrument, an
urgent task is to disinfect it before and after the operation.

The purpose of this work is to develop an indication system for a mobile ultrasonic surgical in-
strument.

A monochrome OLED display is used to indicate the state and interaction with the user in a
mobile ultrasonic surgical instrument. STM32 series microcontroller is used to work with the display.
The indication system provides a display of the current value of power, time and battery charge. The
following items of adjusting menu are available: frequency, power, sterilization, clock, information.
The power value is presented in percent as a scale from 0 % to 100 %. The sterilization time of adjust-
ing menu provides a maximum sterilization time of 99 minutes and 59 seconds. The handle of the sur-
gical instrument has all basic control elements for ease of use and simplicity. Proposed surgical in-
strument is mobile and can be used in extreme conditions. It does not require the use of a power cord.
Li-ion batteries are used to ensure the mobility of the instrument.

This work has been made within the framework of a state budgetary research topic “Develop-
ment of mobile highly effective ultrasonic surgical instrument for military and civil medicine

Keywords: ultrasound, surgical instrument, indication system.

Introduction. Prevalence of gunshot an important component of ensuring the constitu-
wounds in modern world is associated with crimi-  tional right of citizens to health care (Article 49
nalization of society, terrorist threats, increase of a  of the Constitution of Ukraine).
number of local military conflicts and civil unrest In [6], the advantages and possibilities of
[1]. The main method of preventing the develop- using ultrasonic surgery were considered and a
ment of severe infectious complications of gun- study of piezoelectric transducers for ultrasonic
shot wounds is surgery — primary surgical treat- surgery was conducted. In [8], a model of ultra-
ment of wounds [2]. The use of ultrasonic surgery  sonic surgical instrument, which is shown in
using piezoelectric elements, which play the role Figure 1, and a disinfection technique for the
of ultrasound sources, is perspective [3-5]. destruction of the pathogen in the cutting part of

The issue of providing the population of ultrasonic surgical instrument were developed.
Ukraine with high-quality surgical equipment is

Figure 1 — The model of mobile ultrasonic surgical instrument
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The main advantages of the developed sur-
gical instrument are its mobility and autonomy,
which is ensured by Li-ion batteries, reliability
and long service life of active elements from
piezoceramics, ease of operation and ease of
management due to the use of an ergonomic
handle.

The purpose of this work, which is a con-
tinuation of the cycle of works [6-8], is the de-
velopment of indication system for a mobile ul-
trasonic surgical instrument.

Materials and methods. The device uses
a monochrome white "OLED" display [9], with
size of 0.91" and with resolution 128 by 32 pixels
to indicate status and to interact with the user.
The device uses the U8glib library to control
display [10] and the STM32 series microcontrol-
ler [11].

The device is controlled by three keys —
right or plus, left or minus, and center key (short
press forward, long press back). When the device
is turned on, the project logo will appear for 1
second (Figure 2).

MUSIC
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Figure 2 — Project logo when the device is turned on

The device enters the operating mode. The
frequency and power that have been set before-
hand are set. The main screen shows the current
value of power, clock and battery level (Fig-
ure 3). You can change the power from the main
screen by pressing the left and right keys to in-
crease and decrease the power respectively. The
minimum power value is 0%, the maximum
power value is 100%.

Figure 3 — The main screen of the device
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Pressing the center key enters the device's
settings menu. The available settings menu items
are shown in Figures 4-6. These are the following
items: "Frequency"”, "Power", "Sterilization",
"Clock"”, "Information™. To enter the correspond-
ing settings menu, select the item with the right
and left keys (item will be highlighted) and press
the central key. To return to the device's main
screen, long-press the central key.

Figure 6 — Settings menu, the third screen

The frequency setting menu is shown in
Figure 7. The frequency value is given by a digit.
A short press of the central key is used to select a
digit. The digits are selected cyclically, starting
with the oldest (tens of thousands). The selected
digit is highlighted. Use the left and right keys to
increase or decrease the value. If the digit goes
from value 9 to value 0, then one is automatically
added to the higher digit; if the digit goes from 0
to 9, one is subtracted from the higher digit. The
minimum frequency is 10000 Hz, the maximum
is 99999 Hz. Pressing the left or right key for a
long time increases or decreases the frequency
automatically. To exit the frequency setting
menu, long-press the central key. The frequency
value is applied as it is entered, but is only stored
in nonvolatile memory when exiting the menu.
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Figure 7 — Frequency setting menu

The power setting menu is shown in Fig-
ure 8. The value is presented in percentage from
0% to 100%. The power value is changed by
pressing the right and left keys. With a long press
of the right or left key, the power value increases
or decreases automatically. The power value is
applied as it is entered, but is only stored in non-
volatile memory when exiting the menu. To exit
the power settings menu, long-press the central
key.

Figure 8 — Power setting menu

The sterilization time setting menu is
shown in Figure 9. The time value is set by the
digit in the same way as the frequency setting
menu. The sterilization process will start for the
time set in this menu. The first two digits in the
menu are responsible for the number of minutes,
the last two digits are for the number of seconds.
The maximum sterilization time is 99 minutes
and 59 seconds. To start sterilization mode, use
the center key to go to item marked "Start" and
press the left or right key. The value of the item
will change to "Stop" (Figure 10) and the count-
down of sterilization will start. To stop the steri-
lization mode, use the central key to go to item
marked "Stop" and press the left or right key. The
value of the item will change to "Start" and the
countdown of sterilization will stop. To exit the
sterilization time settings menu, long-press the
center key. The sterilization mode will not be
switched off when exiting the menu, the count-
down will occur in the background.
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Figure 10 — Operation of the sterilization mode

The clock setting menu is shown in Fig-
ure 11. The clock setting is similar to the fre-
guency setting menu. You only need to set the
clock once, when you switch on the device for
the first time. The clock will continue to work
even in the absence of main power (due to back-
up battery power). To exit the clock settings
menu, long-press the center key.

CoAHHAK °
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Figure 11 — Clock setting menu

Information about device developers is
shown in the menu item "Information” and is
shown in Figure 12. Use the left and right keys to
scroll through information screens. Screens are
switched cyclically. To exit the information
menu, long-press the central key.

Figure 12 — Information about developers
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Conclusions. This work was made within
the framework of a state budgetary research topic
“Development of maobile highly effective ultrason-
ic surgical instrument for military and civil medi-
cine” (State registration number 0117U007474).

Indication system for a mobile ultrasonic
surgical instrument based on an OLED display
was developed, operation principles of indication
system were considered. Further research may
focus on mobile ultrasonic surgical instrument
testing.
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PO3POBKA CUCTEMU IHIUKALII
MOBLIBHOT'O VJbTPA3BYKOBOI'O XIPYPITYHOI'O IHCTPYMEHTY

Howupenicms 802HenanbHUX NOpaHeHb NO8 A3aHA 3 KPUMIHANIZAYIEIO CYCNINbCMEd, Mepopuc-
MUYHUMU 3A2PO3AMU, 30INbULEHHAM KiIbKOCMI TOKANbHUX GIICbKOBUX KOHPIIKMIE | 2pOMAOCHLKUX 3a-
sopyuieHb. OCHOBHUM MEMOOOM NONEPEONHCEHHS PO3BUMKY BANCKUX THDEKYIIHUX YCKIAOHEHb 802He-
NAanIbHUX NOPAHEHb € onepayis — nepeuHHa Xipypeiuna oopooxa pan. IlepcnekmusHum € 3acmocy8ans
VAbMPA38YK0GOL Xipypeii 3 GUKOPUCMAHHAM N €30e1eKMPUYHUX eleMeHmi, KOmpi 8idieparoms poib
oofcepet YibmpaszeyKy.

Howyx i po3pobka memooig 3HUICEHHST KPOBOSMPAMU, NPUCKOPEHHS 3A20€HHS NICASONEpayili-
HUX paH [ PO3CMOKMYBAHHS PYOYI6 € 8ANCIUGUMU 3A80AHHAMU CYYACHOI XIpypeil, nepcnexmueHum
PO38 A3AHHAM AKUX € 3ACMOCYBAHHA YIbMPA38YKOBOI XIpYypeii 3 BUKOPUCMAHHAM N €30e1eKMPUUHUX
eleMeHmis, Kompi 8idieparms posib 0Jcepe Yibmpas3eyKy.

Memor pobomu € pospodka cucmemu iHOUKayii MOOIILHOZO YAbMPA3ZBYKOBO20 XIPYPiUHO20
IHCmMpYyMeHmy.

s inoukayii cmany ma 63aemo0ii 3 Kopucmysaiem y MoOLIbHOMY YIbMpPa368yKOBOMY Xipypei-
HOMY THCmpymenmi sukopucmogyemvcsa monoxpomuuti OLED-Oucnnei. /[na pobomu 3 ducnieem 6u-
Kopucmano mixpoxoumponep cepii STM32. Ha oucniei nepedbaueno 8i000paicents nomouHo2o 3Ha-
YeHHs NOMYHCHOCHI, Hacy ma 3apady bamapei. /Jocmynni maxi nyHKmMu MeHi0 HAAAWMY8aHb: Yac-
moma, NOMYJCHICIb, CMepUNizayisn, c00UHHUK, THopmayisn. Beruwuna nomyoicnocmi npeocmagnena
wixanoiw 6id 0 % oo 100 %. Maxcumanvhe 3nauenns yacy cmepunizayii oopieuroe 99 xeunun i 59 ce-
KYHO. OCHOBHUMU nepesazamu po3pobieH020 XipypeiuHo20 [HCMpyMeHnmy € 1020 MOoOiIbHiCmb mda
ABMOHOMHICING, WO 3a0e3newyEmbCs WAIXOM eukopucmanns Li-ion akymynamopis, naditinicms i 3Ha-
YHUL CIMPOK CIYHCOU AKMUBHUX eleMeHmI6 3 N €30KepamiKu, 3pyUHiCmb 6 eKCHIyamayii ma npocmo-
ma 6 KepyeanHi 3a paxyHoK UKOPUCMAHHS ePeOHOMIYHOI PYKOSAMKU.

Poboma euxonana @ pamkax Hayxo8o-00cnionoi pobomu HYeprkacvbkoco 0epicasHo20 mexuono-
2iunoeo yHigepcumemy «Po3pobka mobinbHo20 6ucokoephekmusrHo2o yibmpaszgyko8020 XipypeiuHozo
iHCmpymenmy 0715 8iliCbKO80I Ma YUBLIbHOI MEOUYUHU.

Knrouosi cnoea: ynompaseyx, Xipypeiunuii incmpymenm, cucmema

inouxayii.
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