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, llya V. Bakutkin ", Vladimir A. Zelenov

Abstract: In this article, we present the results of developing the hard-
ware-and-software appliance for mastering the skills of measuring in-
traocular pressure in humans. The appliance was designed to match au-
thentic clinical conditions used to acquire practical skills in measuring
intraocular pressure. The hardware-and-software appliance was tested
at the stand using various types of tonometers, and the results were
quite promising.
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practice application.

Introduction

The study of intraocular pressure (tonometry) is widely used in medical
practice. Tonometry is a mandatory practical skill of an ophthalmol-
ogist. By the order of the Russian Federation Ministry of Healthcare,
preventive physical examinations of the population include mandatory
tonometry, which ensures the detection of early signs of ophthalmic
hypertension and glaucoma.

In this regard, the study of intraocular pressure is conventional ex-
amination method for all population categories, including those with

already established diagnosis of glaucoma. In clinical practice, various

types of tonometers are used, differing both in design and investi-
gation technique. Consequently, there are also differences in mea-
surement results. Hence, it is necessary to test tonometers in order to

compare measurement results.

In current medical practice, intraocular pressure measurements
through the eyelid are used. These are the most up-to-date and ef-
fective research methods. They are employed in the course of mass
physical examinations at polyclinics, as well as to monitor a patient
condition in a clinical setting. We developed the computer appliance
to test the precision of human intraocular pressure measurements via
various methods and used it at medical institutions to improve the
tonometry efficiency. Comparison of the measurement results would
improve the examination accuracy and prevent the misuse of the to-
nometry technique by various types of tonometers.

Our study aimed at developing the appliance for mastering the tech-
nique of measuring intraocular pressure in people.
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Materials and Methods

We developed the hardware and software compo-
nents of the original appliance for mastering the
technique of measuring human intraocular pressure.

The design of pressure control sensors in the hy-
draulic system is adapted to providing a standard-
ized pressure. It includes two sensors, and a preci-
sion resistive strain gauge detecting the pressure in
the hydraulic system at the moment the pressure
was applied to the piston. The second strain gauge
and the sensor module are located in the working
measuring area of the hardware. The combination of
two gauges ensures the ability to provide feedback
between the hydraulic system and the stepper mo-
tors. Pressure regulation in the hydraulic system is
provided by the piston movement.

To fix the stepper motors and the strain gauge, the
design was developed that ensured the movement
of mechanical elements and their coaxiality. The
fixing structure was made of plastic on a 3D printer.
The materials were selected that provided necessary
ergonomic requirements and the ability to operate
in the specified parameters.

The software monitors the readings of both strain
gauges. After the pressure data is confirmed by two
strain gauges, it is possible to test the tonometers.
The control is carried out by a computer program.
During testing, the tonometer touches the upper
eyelid area, similar to the conventional examination
procedure.

The software for controlling the piston and, accord-
ingly, the level of pressure in the hydraulic system,
regulates the parameters of the interaction between
strain gauges and stepper motors. The elements are
controlled by a microcomputer. The entire system
and control units are located inside the simulator
of a human face. The hardware performance check
was carried out at each stage of the design and as-
sembly of the entire appliance. We undertook testing
mechanical elements, and operating the sensors,
hydraulic elements and power supply, along with
their interaction with the control unit.

To control the parameters of changing the pressure
level in the hydraulic system of the hardware part of
the appliance, the original software was developed.
The program is designed to control the hardware
unit for regulating the pressure level in the hydraulic

Figure 1. Testing the intraocular pressure measuring appliance

system in order to test ocular tonometers. It is used
to provide a change in the pressure level in the hy-
drodynamic system of the hardware-and-software
complex for testing ocular pressure meters.

The software provides the following functions: in-
creasing and decreasing the pressure in the hydrau-
lic system of the appliance hardware in the range
from 5 to 60 mm Hg with a pressure step of 2 mm Hg
via controlling stepper motors, moving the piston
system and controlling the pressure according to
the readings of the strain gauges.

Results and Discussion

We tested the hardware-and-software appliance at
the stand using various types of tonometers. The
pressure in the eye simulator was controlled man-
ually. The technique was standard, as indicated in
the guidelines, via touching an upper eyelid with a
tonometer plunger.
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Figure 2. Measuring intraocular pressure with a DIATHERA
tonometer
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