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Abstract—The article is devoted to the questions of
metrological certification of tests of the device of
rhinomanometry type PRX. The main stages of the
methodology of metrological certification, as well as design and
technological aspects in the development of rhinomanometers
with a measuring unit are described.
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. INTRODUCTION

In Ukraine, protecting public health is one of the most
important state tasks [1, 2] aimed at organizing and
increasing the production of domestic medical equipment,
improving the quality of medical care, and introducing
standards for the provision of medical care based on the
principles of evidence-based medicine.

However, the creation of an effective system of
diagnostic and therapeutic measures in Ukrainian clinics is
hampered by the insufficient provision of medical facilities
with modern medical equipment, since up to 70% of the
medical equipment used is physically worn out, morally
obsolete and needs to be replaced [2].

At the same time, the needs for medical equipment are
met at the expense of domestic manufacturers by no more
than 30% [2]. It follows that the use of scientific and
technological potential to increase the range of domestic
medical equipment products, the ability to compete in both
domestic and foreign markets, is a strategic task for
Ukrainian medical instrument making.

Relevance and purpose of research.

Recently, there has been a significant increase in the
prevalence of upper respiratory tract diseases [3]. However,
in Ukraine, in clinical practice, instrumental methods for
examining the respiratory function of the upper respiratory
tract and the corresponding rhinomanometry devices are
rarely used. The rhinomanometry method involves
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measuring the pressure drop across the nasal passages and
the corresponding air flow during breathing to determine the
value of the aerodynamic drag coefficient [4].

Currently, there are only a few rhinomanometer models

on the market of medical respiratory equipment, the main of
which are ATMOS 200 and ATMOS 300 (ATMOS Medical
system GMB, Germany) [4, 5] and their analogues, for
example, Rinolan rhinomanometer from Mitsar (RF, St.
Petersburg). All of the above rhinomanometers are based on
the method of anterior active rhinomanometry, which,
according to the developers, is the least uncomfortable for
the patient, but has limited diagnostic capabilities.
Therefore, it is relevant to create domestic
rhinomanometric  equipment that allows expanding
diagnostic capabilities and increasing the reliability of the
measured indices of nasal breathing, as well as the
development of metrological certification and verification
methods for both newly created and existing devices.

Formulation of the problem.

The object of the test is an experimental model of a
device developed at KHNURE for determining the
differential flow rate characteristics (PRX) in low pressure
air ducts, which is part of the KRM computer
rhinomanometry for testing nasal breathing of the TNDA of
the PRX type. A detailed description of the structural
diagram and design of the PRX device is given in [4, 6]. It
consists of: a measuring unit containing pressure and air flow
sensors, the signals from which are transmitted to the
converter unit, in which the output signals of the sensors are
digitized using an analog-to-digital converter and transferred
via USB to a personal computer of the PC in which high-
level signal processing, visualization, analysis and recording
of measurement results.

The justification of the diagnostic indicators of the
rhinomanometry method is given in [4], therefore, further we
consider only the numerical values of the parameters of the
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measured quantities and the basic medical and technical
requirements:

- the maximum pressure drop in the nasal passages can
reach values up to 40 kPa;

- the maximum air flow during breathing in the
inspiration cycle according to spirometry isupto 8 1 /s [2];

- the measurement range of auxiliary sensors that
determine the pressure drop in the submask space during
inhalation and exhalation can be selected on the basis of the
assumption that the aerodynamic resistance of the inlet
breathing equipment (mask and connecting hoses) is not less
than an order of magnitude lower than the aerodynamic
resistance of the respiratory tract, which is confirmed
experimentally [4, 6];

- when choosing analog sensors, it is necessary to take
into account that the error of most standard primary
transducers used in medical equipment for breathing
diagnostics is about 5%, and the quantization step when
digitizing an analog signal should be less than 10% of the
measurement error. Therefore, the quantization step should
not exceed 0.5% of the maximum signal value, which
corresponds to 256 levels of an 8-bit ADC;

- given that the duration of the breathing cycle can be
from 0.5 to 10 s [2, 4, 8], as well as the possibility of
conducting examinations in dynamic mode when studying
the relatively high-frequency components (up to tens of Hz)
of the air flow signal in diagnosing the function of the nasal
valve [8], it is necessary, accordingly with the sampling
theorem, to select the sampling frequency of the measuring
signals of the order of hundreds of Hz;

- also one of the main requirements for widespread use of
the device in clinical practice is the simplicity of performing
preparatory procedures by medical personnel (sterilization,
adjustment, calibration) and the examination itself (selection
of measurement modes, data analysis and visualization).

Il. THE MAIN STAGES OF THE METHODOLOGY OF

METROLOGICAL CERTIFICATION

The tests were carried out on a measuring installation, the
combined circuit of which is shown in Fig. 1. Structurally,
the PRX device consists of a RA flow meter, which is
installed in the VT air duct, a BPD pressure transducer block,
an ADC analog-to-digital converter module, a USB
interface, and a personal computer.

In the body of the flowmeter there is an internal
cylindrical diffuser with an expansion of diameters towards
the source of air consumption (a Ventury nozzle is used as
the basis of the principle of the flowmeter operation). An
adapter with a KO non-return valve and a pressure test point
for pressure transducer is attached to the flowmeter body. A
mask with an inlet channel B for the passage of inhaled and
exhaled air and a channel G in the form of a flexible sleeve
RD2, which enters the inside of the mask and serves to
communicate with the patient's mouth by holding the tip of
the sleeve with lips, is mounted to the outlet of the adapter (it
is advisable to use a rigid plastic mouthpiece to exclude the
possibility of clamping lips or teeth of a flexible sleeve).
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Fig. 1. Combined bench setup for metrological certification of PRX
device.

The BPD unit contains pressure transducers PD1 — PD4
with electrical connectors and flexible hoses for
communicating pressure transducers with a flowmeter RA
(RD1) and an oral cavity G (RD2 and RD3). The flexible
sleeve RD4 is used for simultaneous testing (verification) of
pressure transducers PD1 — PD4. Pressure measurement is
performed at the following points: PD1 — pressure (vacuum)
in the flowmeter RA; PD2 — pressure (discharge) in the
patient's oral cavity (at point G) behind the nasal passages
(chokes DR1 and DR2); PD3 — pressure (vacuum) at the
entrance to the mask (channel B); PD4 — overpressure at the
outlet of the mask (channel B).

The KO non-return valve, connected at point A, serves to
limit the excess pressure in the exhalation cycle in order to
avoid damage to the PD1 — PD4 transducers and prevents the
mask from detaching from the patient's face due to the high
aerodynamic resistance of the Ventury nozzle. The pressure
test point B of the CTD is used to connect an additional
pressure transmitter (if necessary).

Thus, when testing a patient, the air flow inhaled through
the nose and the pressure drop at the resistances DR1 and
DR2 (simultaneously on two nasal passages or alternately)
are determined. Processing of the test results is carried out by
constructing a graphical dependence of the differential
pressure on the flow rate and calculating the ratio of the
differential pressure to flow rate and air flow rate. In the
reverse flow of air (expiration), only overpressure (measured
by the transducer) is subject to control PD4) to indicate the
phase of expiration. It should be noted that when using a
non-return valve, the readings of the PD4 sensor do not
exceed 100 Pa.

The measurement setup diagram also shows: an air flow
source (KM compressor), an adjustable choke DR to create
resistance, and a RAE reference flowmeter with an electrical
analog output signal. To create a stable airflow when purging
a PRX device, a flow source with a power of about 1600 W
is required.

The use of a calibration (reference) RAE flow meter
makes it possible to assess the accuracy of the data measured
by the PRX device and, if necessary, to adjust the value of
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the flow coefficient in order to minimize the error. During
the tests, the standard of the Caliber unit of flow and the
Artwik MC2-R pressure calibrator (ZAO Radian, RF) were
used.

The PRX device performs the following functions:

- simultaneous control of pressure drop and flow in the
test channel;

- processing the test results by constructing a graphical
dependence of the differential pressure on the flow rate and
calculating the ratio of the differential pressure to flow rate
and air flow rate.

I1l.  DESIGN AND TECHNOLOGICAL ASPECTS IN THE
DEVELOPMENT OF RHINOMANOMETERS WITH A MEASURING
UNIT LIKE PRX

The technical implementation of the KRM computer
rhinomanometry provides for the selection and coordination
of the hardware included in the measuring, converting and
interface modules, the development of the device design, as
well as the creation of the corresponding control software.
The main technical requirements when choosing sensors for
the TNDA PRX computer rhinomanometry are: high
sensitivity, lack of hysteresis, linearity, stability, the least
influence  of  external  factors;  simplicity and
manufacturability of the design, the possibility of
interchangeability and sanitization. Based on this, it is
advisable to choose analog tensor-resistive differential
sensors of Motorola Freescale Semiconductor MPX5010DP
[6] as pressure sensors PD1 — PD4, designed to measure
small pressure drops, including in medical applications, and
having a built-in amplifier that allows connecting their
conclusions, directly to the ADC signal inputs.

It is advisable to implement the converter unit on the
basis of the L — Card E14-140 multichannel specialized
measuring module, the main components of which are the
14-bit LTC1416 analog-to-digital converter (ADC), the AVR
AtMega8515 microcontroller and the PDIUSB12D interface
module for interaction with a PC via a USB port.

The functions of the last two modules can also be
realized using a high-speed 32-bit ARM processor. The
digitized signals from pressure and flow sensors with a
sampling frequency of 500 Hz are transmitted via a USB
interface to a PC for further processing and analysis.

The ADC quantization step is about 0.6 Pa for sensors
with a measurement limit of 10 kPa, which is two orders of
magnitude higher than the allowable limit (10%) of the
maximum error (5%) of primary measurements converters,
which for used sensors is 250 Pa.

Considering the small load on the data transfer channel
and the relatively small amount of stored information,
double-byte values from four sensors (three pressure sensors
and an air flow sensor) with a frequency of 500 Hz, the data
transfer speed on the interface will be about 4 kB /s (32 kB /
s). Therefore, for communication with a PC, it is advisable to
use the USB-2.0 interface in the Low-speed data transfer
mode with a data exchange rate range of 10 - 1500 Kbit / s.

The theoretical justification for the use of a Venturi
nozzle with a quadratic functional dependence of the
pressure drop on the flow rate [6, 7] is the presence of
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turbulent regime of air flow in the nasal cavity, which is
confirmed by the data of most studies [2 - 6].

In fig. 2 shows a semi-structural flowmeter based on a
Venturi nozzle, where a hole 2 with a diameter d is made in
the housing 1, in which a pressure differential is measured
using a hole 3 and a pressure transducer PD1 of a differential
type with an analog output.
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Fig. 2. Semi-constructive flowmeter based on a Ventury nozzle.

The message of the tube 3 with the input channel
(receiver) “-” in the PDI1 converter corresponds to the
measurement of vacuum (vacuum) in the pipeline, and the +
channel, measuring atmospheric pressure, allows you to
obtain the pressure drop between the input channels. The
technologically accurate design of the Venturi nozzle
(according to GOST 10921 [7]) is advisable to implement on
an automated machine with numerical control for all three
sizes.

To increase the accuracy of measurements, it is advisable
for patients with different physical abilities to provide
Ventury nozzles with different diameters of the inlet
openings (7 mm, 8 mm and 9 mm), respectively for small
(up to 4 hp), medium (up to 6 1/s) and large (up to 8 1/ s) air
flow during inspiration (see Fig. 3, a). Pre-calibration of PD1
... PD4 sensors is carried out using a cup water pressure
gauge (see Fig. 3, b), after exposure of the PRX-device to the
room for 15 minutes.

Fig. 3. Type of individual structural elements of the TNDA-PRX device:a
Venturi nozzles for different diameters of the inlets, b - adjustment water
manometer.

The main requirements for the software are: the ability to
implement algorithms for statistical processing of data to
increase the repeatability of survey results by analyzing a
dynamic measurement model, conducting automated
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processing of diagnostic indicators with the possibility of
flexible software changes by the developer to improve
diagnostic algorithms, the simplicity of calibration
procedures for sensors and monitoring of measured values,
as well as protection against unauthorized access.

IV. CONCLUTION

A methodology has been developed for metrological
certification of a PRX device (determination of differential
flow characteristics) as an individual measuring instrument
included in the TND-PRX type computer rhinometery.
According to the results of the metrological certification of
the PRX device, it was found that the error in determining
the measured parameters (air flow and pressure drops) is not
more than 5% (certificate of state metrological certification
No. 05-0102 of 01.04.2010), which allowed for preliminary
clinical testing of the device and is the first step for its
certification as a medical device.

To ensure flow measurement in the full range of pressure
changes of the PD1 transducer and to increase the accuracy
of measurements, the PRX device is equipped with RA flow
meters with three nominal nozzle diameters - 7; 8 and 9 mm.
In this case, the maximum values of the relative error in
measuring the air flow do not exceed 4.9 in absolute value;
3.9 and 3.1% for Ventury nozzles with diameters of 7; 8 and
9 mm, respectively, and when measuring pressure, the
maximum relative error in absolute value was 3.5%.

The prospect of this work is to study the influence of
individual characteristics of the patient’s breathing on the
diagnostic results and to improve the dynamic model for
analyzing rhinomanometry data.
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