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This paper reveals a novel handheld device to measure the peak nasal expiratory flow rate
of the two nasal cavities individually and simultaneously. Significantly, when using this
device, the patient needs to inhale from the mouth and exhale from the nose, as a usual
breath, and importantly there is no need to take extra effort to exhale. The key detection
mechanism used is the anemometer technique and the measurement is done by using an
optical wheel encoder and an ATmega328p microcontroller. The device is capable of
measuring the exhaled airflow rate with an accuracy of ±1 LPM. It also allows measuring
the number of breaths per minute together with the respective temperature and the relative
humidity of the exhaled airflow of the two nasal cavities separately. Two DHT22 sensor
modules are used to measure relative humidity and temperature with an accuracy of
±1 %RH and ±0.5℃ respectively. This can be used by a Rhinologist as an initial
diagnosing tool for several diseases, as the device allows them to get an idea about the
patient’s exhaling behavior of the nasal airflow instantly. The device would be beneficial
in the sports sector as a physical fitness indicator by means of the breathing style.
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1. INTRODUCTION

called “hygrometry test” and “hum test” as an initial diagnosis
mechanism [3, 7]. In “hygrometry test” it measures the fog
diameter appear on a mirror due to the patient’s breath and in
“hum test”, it tests the quality of the sound created due to the
humming sound generated by the patient through one nasal
airway [3, 7]. However, in both cases, the patient
dissatisfaction rate was very high [3, 7].
In a modern medical laboratory environment, a CT scan is
used to assess expiratory airflow but could cause exposure to
radiation [8]. Peak Nasal Inspiratory Flow (PNIF) is another
method that measures the nasal airflow in liters per minute
(LPM) [8, 9]. In this test, a PNIF meter with the mask that
covers the nose and mouth together can be coupled to a
computer system and the measurements can be recorded as
well [8, 9]. However, the measurements from the PNIF meter
depends on the effort of the patient under the guidance of the
physician [8]. In Acoustic Rhinometry (AR) test, it measures
the cross-sectional area of the nose with respect to the distance
from the nostrils [3, 8, 10]. The principle of this device is to
analyze the sound wave reflections from the nose after
undergoing a 10 to 20 minutes relaxing time [3, 8, 10].
However, before taking the real measurements, the equipment
has to be calibrated while keeping the head of the patient
steady [3, 8]. Nevertheless, AR requires minimal patient
cooperation than the PNIF test [3, 8].
Rhinomanometry (RM) test is another objective
measurement of nasal airflow which converts the transnasal
pressure into an electrical signal using a pressure transducer
which relates the respective airflow [3, 8]. In this test, the
patient should sit and rest for 20 minutes and should breathe
spontaneously while taking the measurement [3, 8].
Peak expiratory flow rate measurement (PEFR test) is
another test to measure the flow of air coming in and out of the

In human health, as stated in previous studies [1-3], the
respiratory system is very important as it contains a series of
organs responsible for transporting air into the lungs, filtering
oxygen to the red blood cells, and exhaling carbon dioxide. As
stated by researches [2, 3], the nose is an important organ in
the respiratory system. It is the organ that inhales while
filtering out dust, germs, and irritants of air and exhales the air
out of the respiratory system [2]. On the other hand, as
highlighted in previous studies [1-4], exhaled airflow rate and
breathing style will provide some indications on different
diseases and respective symptoms.
As stated in previous studies [1-3], there could be more
syndromes other than swelling of erectile tissue such as the
deviated septum, nasal polyps, rhinitis, etc… which influence
the change in breathing style. On the other hand, it is a wellknown general fact that the nasal airflow could take as an
initial diagnosing method for some diseases. In nasal airflow,
the nasal cycle is an important component and it is expected
that both left and right nasal exhaled airflow rates should be
the same for a healthy person [3, 5].
Examining the expiratory airflow can be done by exploring
the historical information of the patient together with a
physical checkup [3]. Then the objective measurements can be
taken from the expiratory airflow on the mouth or nose in
several ways [6]. However, as an initial diagnosis mechanism,
most of the time, doctors use their fingers to detect and get an
idea about the airflow of the nasal expiratory air. On the other
hand, there are some tools and equipment that have been
developed to be used at hospitals, to assess the patient’s
exhaled airflow.
In the early stage, there were two historical techniques
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lungs and it is mostly carried out for patients who have asthma
[8]. This technique is done by using the oral expiratory flow
but not the nasal flow which measures a person’s maximum
speed of expiration and gives the volume that flow in liters per
minute [8]. However, breath out should be done by the patient
with the fastest possible speed [8].
As indicated in previous studies [8, 11], there were different
scientific principles used as the transducer for measuring nasal
exhaled airflow rate. As stated in previous studies [11, 12],
pneumotachometer or respiratory plethysmograph is the most
commonly used system for such measurements. However, a
previous study [12] had proposed an alternative technique that
measures the exhaled air flow rate using a pressure sensor but
it can be used only to detect airflow rate from the mouth with
the sealed nose.
Reviewing the aforementioned existing mechanisms and
available instrumentation for measuring or examining the
nasal exhaled airflow, it was noted that a significant effort
from the patient is needed to get the correct diagnosis [8]. A
major drawback of such commercially available measuring
devices is that as of the present techniques, it is not possible to
detect the nasal airflow rate of the two nasal cavities
individually and simultaneously [8]. On the other hand, if it is
a portable device with less involvement by the patient, it could
be a useful device as an initial diagnosing method. Henceforth,
if such a portable device is available on the physicians’ table,
somewhat similar to a sphygmomanometer and a stethoscope,
it will be a vital tool for efficient and comfortable diagnosis.
As emphasized and highlighted in a previous study [2], such a
device can be used as an initial diagnostic tool for Septum
Deviation, Nasal Polyps, Nosebleeds, Rhinitis, Nasal
Fractions, Nasal Cycles and Breathing Style, etc… It is
important to mention that, in the USA, about 31 million or
more patients are reported every year with nasal obstruction
due to different diseases [13]. A routine evaluation of nasal
expiratory peak flow rate of elderly people is also important
for many diagnostics [13]. Moreover, knowing the nasal
expiratory flow rate with the respective temperature and
humidity level is essential as it reflects the healthiness of the
respiratory system of a human [14, 15].
The main objective of this study is to develop a portable
handheld nasal exhaled air flow rate measuring device with an
attempt to address the aforementioned issues with many
specific additional features. This paper reveals a novel nasal
flow measuring device as an outcome of the study named;
Nasal Airflow Detection and Measuring System (NAMS) [16].
In this paper, a device for measuring nasal exhaled peak
airflow rate from both right and left nostrils separately and
simultaneously is introduced, which is the unique novelty of
the device [16]. The mechanism introduced to measure the
number of breaths per minute (to monitor the breathing style)
of a patient together with the temperature and the relative
humidity of the exhaled airflow of the two nasal cavities
separately is also discussed. On the other hand, when
developing medical devices, it is important to report the
applicable symptoms and contraindications of such devices
[17]. Therefore, an attempt has been made to recognize the
applicable symptoms and contraindications of the developed
device. Furthermore, identifying suitable disinfecting

mechanisms from the available procedures are also addressed
in this paper [18-22].

2. INNOVATIVE METHODOLOGY
The foremost innovative capability of the developed device
is that it can measure nasal airflow rate separately and
simultaneously in the two nasal cavities. It follows a novel
methodology to detect and measure nasal airflow rate by,
passing the nasal airflow through a propeller (rotatable vein)
without applying positive or negative pressure using an
external pressure source. The developed device comprises of
two separate tubes that connect the two nostrils so that it
allows two independent airflow paths for the two nasal cavities.
Moreover, it consists of two separate compartments such that
they have two propellers that only rotate when air flows
through the said tubes. Furthermore, each propeller is coupled
to a speed measuring device which comprises of two identical
wheel encoding sensors. So that the device is capable of
calculating nasal airflow rate separately and simultaneously
using the said wheel encoding sensor. The device also
comprising a temperature sensor and a humidity sensor in each
of the aforementioned two separate tubes which connects the
two nostrils intending to detect temperature and relative
humidity of the nasal exhaled airflow of two nasal cavities
separately and simultaneously. A microcontroller-based data
acquisition and processing system has also been incorporated
together with the data storing and retrieving facility into the
developed device to process the data from the sensors and to
store processed or sensor-data for future references.
Furthermore, the device comprises an OLED (Organic LightEmitting Diodes) type display to indicate sensor-data and other
relevant information during the operative stage. As the
expectation was to develop it as a handheld device, a
rechargeable battery pack has also been coupled and a
hardware interface has been developed to download the stored
data into a PC for further analysis of the patients' progress.

3. DESIGN AND CONSTRUCTION
The design and construction of the developed device
comprises of three main sections namely; Mechanical Parts,
Electronic Parts & Accessories, and Device Validation
Process.
3.1 Design of mechanical parts
Most of the mechanical parts are custom-designed and 3D
printed. The designing of those parts were done by using the
SOLIDWORKS 2016 software. As the material for 3D
printing, PLA (Poly-Lactic Acid) polymer was used. In this
novel device, the air from the nasal cavities had to direct
through the sensing system to measure the flow rate.
Henceforth, an innovative approach had been made to design
the main body of the device together with side covers, front
cover, back cover, and two propellers (sensing fans).
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Figure 1. Main parts of the device (a) tubes to connect nostrils (b) sensing fan (c) final assembly
Figure 1(a) shows the main body of the device, which could
guide the nasal exhaled airflow of the two nasal cavities from
the top end towards the sensing mechanism and move out the
same airflow from the bottom end. There are two separate
compartments which have an inner diameter of 40 mm to place
the two propellers (sensing fans) that require to measure the
nasal exhaled airflow. The inner diameter of the two tubes that
air takes in and out is 12 mm. The length of air in and out tubes
are 65 mm and 50 mm respectively. The angle between the air
in and out tubes is 45°. This main body is fitted with two
bearings to fit each sensing fan, which mounts the fan to the
side cover. The inner diameter of the bearing is 3 mm, as the
diameter of the fan shaft is 3 mm.
Two identical propellers (rotatable vein) with a shaft is the
most important mechanical part designed for the device that
acts as sensing fans. These propellers were designed and
constructed in such a way that they rotate when the air flows
through two separate tubes of the device without applying
positive or negative pressure using an external pressure source.
The shaft helps to mount it on the respective bearing fitted to
the side cover. As shown in Figure 1(b), each propeller has six
blades so that it functions as a microturbine. When nasal
exhaled airflow flows through the aforesaid propellers, its
RPM changes due to the speed of the airflow. When the
propellers start working, and most probably it will continue
rotating till the next exhale, but the rotating speed is gradually
slowing down. However, the detection system is capable of
recognizing this slight variation and uses it as a mechanism to
observe the number of peaks and the respective flow rate.
Henceforth, it is important to state that the continuous followup rotation after each exhale would not be a problem in the
performance of the detection system. The temperature sensor
and humidity sensor attached to each of the air inlet tubes are
close to these propellers.
Two side covers of the device were designed in such a way
that they are fitted to the two sides of the main body to cover
the sensing fan. The measuring sensors are fitted inside of the
side covers. It contains mounting support for the optical sensor
module and also the holes to fit with nails to the main body.
The back cover of the device contains holes to screw with the
front cover. The front cover is the front casing of the device. It
has a rectangular-shaped opening to mount the display unit and
contains three more openings located left side and right side of

the aforementioned rectangular shape to mount the data
communication interface and charging port and for necessary
switches. Both front and back cover protects the moving parts,
electronic parts, and accessories. Figure 1(c) shows the final
assembly of the design with the specific dimensions of the
respective parts.
3.2 Design of electronic parts and accessories
Figure 2 shows the block diagram of the electronic system
of NAMS. As illustrated in Figure 2, the electronic system of
the device consists of its central processing unit which
comprises of microcontroller-based data acquisition and
processing unit with its required accessories, together with the
display unit, power supply unit, and charging and hardware
interface unit.

Figure 2. Block diagram of the electronic system of NAMS
To process the sensor-data and output information, a
microcontroller unit that comes with the ATmega328p
microcontroller was used. Since the Arduino bootloader was
installed on the microcontroller unit, it allows to program
using the Arduino IDE.
To detect the speed of the two sensing fans, two
photoelectric speed sensors with a rotating encoder disk for
each are used. The encoder disc which has 100 holes is fitted
to the shaft of the fan. So from a sensor, it counts 100 steps for
a unit revolution. The device displays the number of 10 steps
for 50 ms, which is the sensitivity of the device. In order to
measure both relative humidity and temperature, the DHT22
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sensor module is used. This sensor uses the 1-wire protocol to
communicate with the microcontroller. The sensitivity of the
relative humidity and temperature sensors available in DHT22
are 0.1% and 0.1℃ respectively whereas the accuracy of the
two sensors are ± % and ±0.5°C respectively. There are two
DHT22 sensor modules used for both left and right sides.
As the power source, a 550 mAh, 3.7 V Li-ion rechargeable
battery pack is used. To charge the Li-ion battery and to get 5
V output for the functionality of the electronics in the device,
a USB charge/ DC-DC boost converter module of a lithium
battery power bank is used. It contains a micro USB female
port for charging and a hardware interface has also been
developed to couple the device into a PC so that downloading
the stored data and carry out further analysis of the patients’
progress is also possible. An OLED display module is used to
display sensor-data and other relevant information during both
the operative and review modes. This display module connects
the microcontroller unit with the I2C bus which has a display
resolution of 128 × 64.

this test, the output of the device as flow rate counts for both
left and right airflow were recorded for different flow rates in
every time interval of 120 seconds up to six readings for each
flow rate. Flow rates were varied between 5 LPM and 40 LPM
with 5 LPM increments. Table 1 shows the tabulated
observations under the aforesaid test. It is important to
mention that, flow rate counts for both left and right tubes were
noted zero when there was no flow rate applied.
According to Table 1, flow rate counts given by the device,
for all the measured flow rates under observed time intervals
are with adequate consistency within an accuracy of ±1 count.
Moreover, the developed NAMS is not calibrated to measure
the absolute value of the flow rate but only to take the relative
measure. However, as per the stability test results, to get a
relationship between the absolute flow rate and flow rate
counts given by the device, data indicated in Table 2 that has
been extracted from Table 1 was used. As the left side and
right side values are similar to a given flow rate, both left and
right readings can be considered as the same value.
Furthermore, an airflow with different flow rates as mentioned
above has been applied to only one tube while covering the
other tube and vice versa. During this stage, it was noted that
a zero count for the closed tube whereas the other tube
followed the variation as stated in Table 1. Moreover, it is
important to mention that during the test conducted to generate
Table 1, the airflow has been fed to both the left and right tubes
simultaneously as a parallel test. Henceforth, it could confirm
that the strength and airtightness of the device met the
requirements of long-term recycling use. However, regular
calibration is recommended for long-term usage.
Figure 4 illustrates the graphical relationship of absolute
flow rate and flow rate counts generated as per the information
given in Table 2. As indicated in Figure 4, a linear relationship
between the absolute flow rate and flow rate counts has been
observed with a gradient of 0.6535 and R2 value of 0.9981.
Therefore, with the use of this relationship, one can estimate
the absolute flow rate of the nasal exhaled airflow of the
particular person.

3.3 Device validation process
The validation process of the developed device was done in
two main phases. As the initial validation process, validation
of partially assembled electronics was done. Before
assembling the electronic components, each part had been
individually tested and re-tested again after partial assembling.
At this stage, all the required adjustments and fine-tuning were
made as per the test results.
Figure 3 shows the fully assembled novel device which was
developed as a Nasal Airflow Detection and Measuring
System (NAMS) after assembling all the components,
mechanical parts, accessories, and all 3D printed side covers.

Figure 3. Fully assembled device (NAMS)
As the final phase of the validation process, another test was
done to reveal the stability of the fully assembled system. In

Figure 4. Graphical relationship of absolute flow rate and
flow rate counts

Table 1. Right and left flow rate counts for different flow rates at the stability test
Time
(sec)
±1
0
120
240
360
480
600

5 LPM
L
R
6
6
6
6
5
7
6
6
6
6
6
6

Left (L) and Right (R) flow rate counts (±1) with different flow rates in LPM (±1)
10 LPM
15 LPM
20 LPM
25 LPM
30 LPM
35 LPM
L
R
L
R
L
R
L
R
L
R
L
R
14
14
21
22
32
32
38
38
46
46
54
54
14
14
22
22
30
30
38
38
46
46
53
54
14
14
22
22
30
30
38
37
46
46
54
54
14
14
22
22
30
30
38
38
46
46
54
54
14
14
22
22
30
30
38
38
46
46
54
54
14
14
21
22
30
30
38
38
46
46
54
54
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40 LPM
L
R
61
61
61
62
62
62
62
62
62
62
62
62

Table 2. Mode values of the right and left readings for different flow rates
Flow rate counts (±1)
Absolute Flow rate in LPM (±1)

0
0

6
5

14
10

4. OPERATIONAL PROCEDURE

22
15

30
20

38
25

46
30

54
35

62
40

the device is connected to a computer, Retrieve Data From
Device button should be clicked to download all stored data
from the device. This application software allows the user to
retrieve the measured data of each patient, and the extracted
data can be saved as individual files with the patient name.
This application software also allows clearing all the measured
data from the device. The communication between the
computer and the device occurs as a UART communication.
According to the sample test done, the retrieved and tabulated
data from the device for five individuals are given in Table 3
as a performance of the device.

The developed device functions under two specific modes
namely; Patient Selection Mode and Measurement Mode.
When the device is switched on, by default it is on the Patient
selection mode, and the OLED screen displays the initial
patient number as zero. By replication of pressing the device
push button for less than 500 ms (short-press) as required, the
patient number can be changed. After selecting the respective
patient number by keep pressing the device push button for
more than 500 ms (long-press), the device enters the
Measurement mode.
In this mode, the device is ready to take the measurements,
and the display shows the instantaneous flow rate count while
taking other measurements at the same time. After taking the
measurements of a patient, the data can be saved with a longpress. After saving the measured data, a cycle of shot-press
allows the user to review the same which includes peak airflow
rate count for both left and right nasal exhaled airflow,
breathing rate (number of breaths per minute), temperature,
and humidity. The device is currently capable of storing up to
ten patients’ data at a time using the internal storage of the
microcontroller unit. Moreover, these data can be downloaded
to a computer by using the special application software that
developed specifically for this. Figure 5 shows the interface of
the application software.
To download the patient data to a computer, the device
should be connected to the computer using a USB cable. When

Figure 5. NAMS interface of the application software

Table 3. Retrieved sample data from the device with a 0.1% and 0.1℃ resolution for relative humidity and temperature
Patient No

1

2

3

4

5

Patient Name

Patient-1

Patient-2

Patient-3

Patient-4

Patient-5

Right

20 ±1

11 ±1

18 ±1

22 ±1

23 ±1

Left

12 ±1

15 ±1

19 ±1

24 ±1

26 ±1

14 ±1

9 ±1

12 ±1

10 ±1

9 ±1

Right

31.9 ±0.5

31.8 ±0.5

31.4 ±0.5

31.1 ±0.5

31.6 ±0.5

Left

31.3 ±0.5

32.5 ±0.5

31.9 ±0.5

32.0 ±0.5

32.1 ±0.5

Right

94.0 ±1

95.0 ±1

91.0 ±1

95.0 ±1

94.0 ±1

Left

93.0 ±1

95.0 ±1

92.0 ±1

95.0 ±1

94.0 ±1

Peak Airflow Rate (LPM)
No. of Breaths/ minute
Temperature (℃)

Relative Humidity (%)

5. DISCUSSION

an initial diagnosing method for several diseases such as
Septum Deviation, Nasal Polyps, Nosebleeds, Rhinitis, Nasal
Fractions, Nasal Cycles and Breathing Style, etc… as
suggested in previous studies [1-3].
The device, at the initial design stage, indicates the airflow
rate not as an absolute measurement of the airflow but as flow
rate counts. However, by referring to the transfer function as
stated in Eq. (1), generated for the absolute flow rate counts in
terms of the flow rate counts as exemplified in Figure 4 (the
linear relationship between the absolute flow rate and flow rate
counts), it is possible to calculate the airflow rate in LPM.

The developed device namely Nasal Airflow Detection and
Measuring System (NAMS) is specially designed to measure
the exhaled flow rate of the two nasal cavities individually and
simultaneously. Importantly, when using this device, the
patient needs to inhale from the mouth and exhaled from the
nose, as a usual breath, and generally no need to take extra
effort to exhale. This device is developed as a handheld device
so that it can be used as an initial investigative tool to observe
a patient’s exhaled airflow behavior of the nose. Authors
suggest that NAMS would be a very useful handheld device as
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𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 = 0.6535(𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 𝐶𝑜𝑢𝑛𝑡𝑠)

for programming and the interrupt handling capability of the
microcontroller is very special. Those facts were considered
when choosing a microcontroller. Also, small in size and lower
power consumption are other advantages of this
microcontroller unit. As this device uses its on-board power, it
becomes a portable device. Once it is charged for an hour, it
can be continuously used for about four hours.
When handling the device, physical shocks to the device
should be avoided. If the device experiences any physical
shock, recalibration is recommended. Moreover, the glass
transition temperature of the PLA is above 60°C, with a ±5℃
safe margin [23, 24]. Furthermore, the manufacturer
recommended upper limits of the temperature values under
both operating and storing for electronics parts used in the
device are also above 55℃. Therefore, it is recommended that
the device should not expose to temperatures above 55℃.
Even though it is a mandatory requirement to flush and
disinfect the device regularly and after taking measurements,
applying any liquid is not recommended because it could
affect the electronics and the performance of the moving
mechanical parts of the device [18]. Low-Temperature
Hydrogen Peroxide gas plasma or UV disinfection techniques
are recommended for disinfecting the device [19-22].
There could be few contraindications applied to the device.
Patients who are having lower awareness of handling the
device properly or inability to look after their airway or if they
are not cooperative are important to recognize and should not
use the device for measurements. The device is not
recommended for use for patients who are with anxiety,
trauma, cardiorespiratory status, respiratory arrest, facial/
nasal injuries, copious respiratory secretions, nausea, vomiting,
hypercarbia asthma, or chronic obstructive pulmonary disease
(COPD).
The device could be further improved during the mass
production for the commercial distribution stage, in terms of
accuracy, performance, contraindications, disinfecting
mechanisms, maintenance guidelines, calibration procedure,
materials for mechanical parts & outer covers, the geometry of
the final assembly, nosepiece, etc. Long-term clinical trials are
also recommended before the device is introduced into the
market.

(1)

Henceforth, the application software has been developed as
indicated in Figure 5, which provides the nasal exhaled airflow
rate as an absolute value with an accuracy of ± 1 LPM, by
multiplying the observed flow rate counts by the gradient
(0.6535) of the Eq. (1). Even though measuring the exhaled
flow rate of the two nasal cavities individually and
simultaneously was the prime objective in this work, few value
additions were also introduced as additional features. As such,
the developed device is also capable of measuring the
temperature and the relative humidity of the exhaled airflow
of the two nasal cavities in parallel to the airflow rate
measurements. Another unique feature added was monitoring
the breathing style by measuring the number of breaths per
minute and henceforth this device would be beneficial in the
sports sector as a physical fitness indicator. The breathing rate
is calculated by dividing the total number of local peaks of the
instantaneous exhale flow rate by the total span time as shown
in Eq. (2). The Total Span Time is the time between the first
peak and the last peak detected by the device.
𝐵𝑟𝑒𝑎𝑡ℎ𝑖𝑛𝑔 𝑅𝑎𝑡𝑒 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑒𝑎𝑘𝑠 𝐷𝑒𝑡𝑒𝑐𝑡𝑒𝑑
𝑇𝑜𝑡𝑎𝑙 𝑆𝑝𝑎𝑛 𝑇𝑖𝑚𝑒

(2)

The developed device is capable of detecting the nasal
expiratory flow rate of the two nasal cavities individually and
simultaneously with an accuracy of ± 1 LPM, whereas the
commonly available PNIF meters and PEFR meters are
detecting the overall nasal exhaled flow rates with a typical
accuracy of ±5 LPM or above [8, 11]. While using the device,
as shown in Figure 6, it should be held by the patient and the
nosepieces should be inserted into the nostrils. Then the
patient has to exhale through the nose as normal breathing. As
the display which shows the reading, is located at the front of
the device, the physician will be able to see the values that the
device shows. This allows a Rhinologist to get an idea about a
patient’s exhaling behavior of the nasal airflow. So the nasal
resistance, deformations and other airflow related diseases can
be instantly identified.
The developed device does not contain a separate nosepiece
as this is a prototype. Nevertheless, when manufacturing on
large scale and using on patients, it is better to use separate
disposable nosepiece when attaching the device to the nose. So
the geometry of the device can be modified to that level by
shortening the current nosepiece and attaching disposable
nosepieces. If nosepieces are in disposable form, it allows
manufacturing nosepieces in different sizes. So this will allow
using the device on any kind of age group as the current
prototype has only a fixed size nosepiece.
While using the device, air leakage can occur between the
nostrils and the nosepieces without passing through the device.
This would result to get incorrect readings. A possible solution
for this is to apply a viscous gel to prevent the leakage between
the nostril and the nosepiece. After using it on a patient, the
disposable nosepiece can be removed from the device and if
there is excess gel on the device, it should be removed.
When discussing about the material that was used to 3Dprint the device, PLA was used which is a more common
material in 3D printing. Importantly, this material is not toxic
at solid-state. The microcontroller unit used in the device is
Arduino pro mini. It contains an ATmega328p microcontroller,
which comes from the AVR family manufactured by ATMEL
Corporation. The Arduino platform, which supports the unit

Figure 6. Using the NAMS for measurements
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According to the above clarification, it can be concluded
that nasal airflow detection and flow rate measuring system
has been successfully developed with the main intention to
detect and measure the peak nasal exhaled airflow. Nasal
airflow rate is very important when a Rhinologist or a
physician examines a patient for an initial diagnosis in
assessing nasal patency. The developed device is a very unique
novel device in many aspects. NAMS is capable of measuring
the nasal exhaled peak airflow rate of the two nasal cavities
individually and simultaneously and it is a portable device.
With this device, the patient needs to inhale from the mouth
and exhaled from the nose, as usual breath, and importantly,
no extra effort to exhale required compared to other existing
mechanisms. It also allows measuring the number of breaths
per minute (to monitor breathing style), temperature, and the
relative humidity of the airflow of two nasal cavities separately.
This can be used as an initial diagnostic tool for Septum
Deviation, Nasal Polyps, Nosebleeds, Rhinitis, Nasal
Fractions, Nasal Cycles, Breathing Style, etc… as suggested
in previous studies [1-3]. Also, Data storing and retrieving
facilities are available with the help of the specifically
developed application software.
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NOMENCLATURE
AR
LPM
NAMS
OLED
PC
PEFR
PLA
PNIF
RH
RM
RPM
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acoustic rhinometry
liters per minute
nasal airflow detection & measuring system
organic light-emitting diodes
personal computer
peak expiratory flow rate
Poly-Lactic Acid
peak nasal inspiratory flow
relative humidity
rhinomanometry
revolutions per minute

