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Subtle sensing is one of the important aspects required in the performance of modern medical technology,
especially the detection of elusive human respiratory risks. In this regard, the fiber Bragg grating (FBG) sensor
offers a high-sensitivity measurement of supplemental oxygen-assisted human respiratory characteristics
through a strain approach. The FBG wavelength of 1550 nm is induced by nasal airflow and back-body surface
on resting and active objects. The treated FBG will undergo deformation resulting in a change in the Bragg
wavelength, which is then measured using an optical sensing interrogator and processed to obtain the strain
value. The measurement results show significant FBG strain values at the micro-scale. The addition of oxygen
flow in the body can increase the stretch that occurs during breathing. Therefore, the FBG sensor is more
effectively used in conditions with the addition of oxygen flow.
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1. Introduction

Two major product revolutions namely optoelectronics and
fiber optic communications have taken over the role of
technology in the growth of the photonics industry over
the past twenty years. In line with these developments,
fiber Bragg grating (FBG) sensor technology has been de-
veloped in the opto-electro-medical sector [1]. This optical
fiber has additional meaning because of its high level of
precision and accuracy. FBG sensors have become one of
the most studied optical components in the last decade.
This FBG sensor is principally an optical strain gauge used
for precise measurement of stress-induced deformation [2].
In the medical field, the measurement capability of the
FBG sensor has been implemented in a device designed to

monitor human body vibrations induced by diaphragmatic
breathing and heart rhythm [3].

FBG shows potential advantages, such as small size,
lightweight, not susceptible to electromagnetic interference,
electrically neutral, and can be easily embedded into struc-
tures without affecting its mechanical properties, so that
suitable and most frequently used in biomedical applica-
tions [4–6]. FBG provides many benefits with relatively
few drawbacks, therefore its components are of research
interest to be applied to physiological measurements [7].
FBG transmits light through the core and selectively filters
out specific reflected wavelengths. When an optical fiber
is given a force, the FBG will change shape resulting in
a change in the Bragg wavelength [8]. This fiber is con-
figured to ensure that light propagation is affected by the
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external environment. FBG is also used to monitor physical
parameters such as strain [9, 10] and temperature [11].

The strain measurement capability by FBG was adapted
to monitor one of the vital signs in the human body, which
is the most basic measure of the function of the human body.
The four main vital signs are regularly monitored by med-
ical professionals and healthcare providers namely body
temperature [12], heart rate [13], respiration [14], and blood
pressure [15]. These signs are useful for detecting or moni-
toring medical problems. An abnormal respiratory rate is
a sensitive indicator of human respiratory problems, even
in patients receiving supplemental oxygen. Respiration
is an essential physiological function for living creatures
in daily survival. Several fiber-optic-based sensors have
been developed to monitor human respiratory conditions
[16, 17]. As a sensor, FBG-type optical fiber has several
advantages, namely easy to modify, relatively inexpensive,
resistant to interference by electric and magnetic fields, and
low power consumption [18–20]. It can detect various pa-
rameters, such as pressure [21], voltage [22], and refractive
index using a lattice-based device [23].

Human respiration measurements were conducted by
Defrianto et al. (2022) using optical fiber with a sinusoidal
FBG bending technique with a diameter of 0.8 cm in a waist
belt placed on the human respiratory diaphragm [14]. In
addition, human respiration measurements using an FBG
belt have also been conducted by Tavares et al. (2022) and
Filosa et al. (2022) with the assistance of an optical sensing
interrogator (OSI) to improve the accuracy of optical signal
changes [24, 25]. Respiratory measurement through this
method is carried out with the principle of FBG strain due
to changes in diaphragm movement. FBG strain on the
diaphragm turns out to be quite large and easily measured
by the system. In fact, there is the smallest factor of respira-
tory circulation that turns out to store data on the diagnosis
of a patient’s disease, such as the subtle strain factor in
the nasal airflow and back body. This is an emergency call
for us to develop a subtle-sensing FBG sensor in human
respiration. However, the current renewable respiratory
measurement method using FBG can be updated and real-
ized with the help of external supplements. For example,
we can use oxygen supplements in measurements which
can help clarify measurement readings.

This study presents the design, measurement, and analy-
sis of the results of responses to human respiratory rhythms
under two conditions. The first involves a mask over the
nose with and without supplemental oxygen flow and the
second consists of monitoring the respiratory response at
the back-body of humans using the FBG stretch sensor. The
sensor was applied to the back by analyzing the effect of po-

sitional strain ( ε ) on respiration in human subjects aged
21 to 24 years, using FBG with a wavelength of 1550 nm.
The variations given are normal breathing conditions with
and without oxygen flow and activity conditions. The data
obtained is then analyzed to determine the strain value at
each position.

2. Literature review

FBG is a single-mode optical fiber with periodic modula-
tion of refractive index ( n ) along its core. It works on
the basis of temperature and the influence of external de-
formations, such as strain, on the lattice structure formed
by periodic variations in the refractive index changes in
the optical fiber core. FBG will reflect light wavelengths
that satisfy only the Bragg condition (λB) and transmit
all others when the light passes through periodically vary-
ing high and low refractive index regions [26]. The Bragg
wavelength value of FBG is shown in Eq. (1) below:

λB = 2ne f f Λ (1)

where neff is the effective refractive index of the periodic
structure and Λ is the periodicity of the lattice. The value
of the Bragg wavelength will shift when the effective re-
fractive index or lattice period of the FBG varies due to
external disturbances such as temperature fluctuations and
strain. FBG has a high sensitivity to these two parameters
[27]. The strain effect on the Bragg wavelength value is
defined as follows:

∆λB = λB

[
1 −

ne f f
2

2
[p12 − v (p11 + p12)]

]
ε (2)

∆λB
λB

= (1 − pε) ε (3)

where v is the Poisson’s ratio, p11 and p12 are the optical
strain coefficients, pε is the photoelastic coefficient ( pε ≈
0.22 ), and ε is the strain value [28, 29].

Theoretically, FBG fiber optics have high efficiency and
effectiveness as nanometer-scale sensors through the shift
in wavelength caused by strain interactions. The wave-
length will change as the periodic distance changes in
distance. In addition, FBGs for strain sensing have been
widely applied in almost all application areas, including
condition monitoring, structural health monitoring, and
fault diagnostics. The pressure applied to the FBG induces
a change in the effective refractive index or lattice plane
causing a shift in the wavelength. The strain sensitivity
depends on the physical characteristics of the fiber such as
the thermo-optical coefficient and elastic-optic properties.
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It also depends on the type of strain applied, such as ten-
sion or compression [23]. The response of the wavelength
variation to the FBG strain can be given by:

∆λB = λ1−λ0 (4)

The continuity of metabolic processes in the human
body is strongly influenced by breathing that occurs in
the lungs through the exchange of oxygen with carbon
dioxide [30]. This is also influenced by the process of inspi-
ration which involves inhaling air through the nasal cavity
or mouth from the outside environment into the lungs, as
well as the process of expiration, namely exhaling air rich in
carbon dioxide. An imbalance in the process of inspiration
and expiration can disrupt the body’s metabolic processes.
Generally, the first step in identifying a patient is detecting
nasal breathing and body vibration. In the past, Hikma et
al. (2023) used optical fibre with a sinusoidal FBG bend-
ing technique equipped with a diameter of 0.8 cm and 1.2
cm in a waist belt that was put on the human respiratory
diaphragm [17]. This allowed for the measurement of hu-
man breathing. Furthermore, Issatayeva et al. (2021) and
Shi et al. (2023) have also utilised an FBG belt in order to
measure human respiration. These measurements were car-
ried out with the assistance of an OSI in order to enhance
the precision of optical signal changes [31, 32]. Through
the rhythm of respiratory oscillations, the FBG can detect
processes with a high degree of accuracy both through the
nasal airflow and vibrations on the back-body surface.

3. FBG integrated mask design

This study uses FBG optical fiber with a wavelength of 1550
nm. FBG is placed on the oxygen mask with variations in
the position of the placement, namely the top as shown
in Fig. 1(a), middle as shown in Fig. 1(b), and bottom as
shown in Fig. 1(c). It is then set up on the oxygen mask,
connected to the OSI, and functions as input and output as
shown in Fig. 1(d).

Four human objects with an age range of 21 to 22 years
and free from respiratory problems were measured. Un-
treated FBG was measured as the initial wavelength (λ0).

Measurements are taken under normal breathing con-
ditions by placing the object in a relaxed state without any
previous physical activity as shown in Fig. 1. After that,
the object is attached to the oxygen mask that has been
integrated by FBG and allowed to breathe normally within
60 seconds. The second condition is breathing with an ad-
ditional flow of oxygen as shown in Fig. 1(f). The flow of
oxygen supplied to the object is from 1 to 10 l/min. Si-
multaneously, the oxygen level in the body is measured
using a pulse oximeter placed on the fingertip. The result

Fig. 1. The position of the FBG sensor on the mask varies,
including (a) top, (b) middle, and (c) bottom. The

measurement design consists of (d) the FBG inside the
mask being connected to an OSI, then it is processed and

forwarded to the computer by displaying output data.
This sensing was carried out in a sitting position while

breathing with (e) normal and (f) oxygen.

is data recorded on the monitor with a wavelength calcu-
lated by the strain value of the changes that occur in each
object. The measured signal from the FBG shows the wave-
length value where the strain value can be obtained from
the change in wavelength using Eq. (3), then the program
displays a graph of the median strain value between the
maximum and minimum strain data for each FBG position
in the oxygen mask. In addition, other measurements were
also carried out to see which position had the highest strain
value when the object was given additional oxygen at a
flow range of 1 – 10 l/min. In each of these flows there
is maximum, minimum, and median strain data. Further-
more, the median value was taken to be plotted to see the
relationship between the strain value and oxygen flow at
each position of the FBG placement on the mask.

4. FBG strain fluctuations

During normal breathing, the movement of air within the
mask causes the FBG to stretch due to breathing vibra-
tions. The values of maximum strain, minimum strain, and
median are determined based on Eq. (3). Fig. 2 shows a
comparison of FBG strains according to their position in
the mask. These results indicate that there are significant
differences in the strain values for each object. Based on
the measurement results, Objects O 1 and O 2 have the
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Fig. 2. FBG strain based on its position in the mask for the
four objects under normal breathing conditions.

largest strain values of 57.9µε and 64.9µε in the middle po-
sition. Placing the FBG in the middle and directly in front
of the nasal airflow has a greater impact on stretching the
FBG than its top and bottom position with the difference
between the two being approximately 37.6µε and 48.1µε.
Compared to objects O3 and O4, the largest FBG strain is in
the upper position of 40µε and 60µε. This happens because
the FBG strain sensor which is placed in the top position
has a large enough bend. In addition, fluctuations in the
strain values on each object can occur due to shifts in the
placement of the optical fiber on each object [33].

The results of measuring several FBG positions at the
top, middle, and bottom of the oxygen mask as described in
the methodology show that the FBG responds to changes
in the wavelength value. This is caused by changes in
pressure when exhaling through the nose in the oxygen
mask case. Strain fluctuation conditions were obtained
for the four objects after the change in wavelength was
converted to strain. The sequences obtained for the four
objects range from 6.2µε to 60µε. These fluctuations do not
show significant changes except on the order of 10−6.

Breathing activity and additional flow of oxygen pro-
duce a combination of both for each experimental object.
The FBG response with a wavelength function to oxygen
flow is shown in Fig. 3 and Table 1. The largest FBG strain
values for oxygen flow rates of 1 to 10l/min are found at
the top position of each object, namely 71.9µε to 64.9µε on
object O1, 59.6µε to 61.6µε on object O2, 70.2µε to 52.9µε on
object O 3 , and 70.9µε to 61.9µε on object O 4 . All strains
show a gradual decrease as oxygen flow increases. This
fluctuation in strain value occurs due to the compression ex-
perienced by the FBG because both sides are being claimed
to use tape. Hence, the tendency is not to expand but to

Fig. 3. The wavelength range of the FBG strain spectrum
corresponds to its position in the mask under breathing
conditions using supplemental oxygen for each object.

experience compression [34]. The results showed that the
strain value at each FBG position on the oxygen mask had
a range of less than 10µε. The fluctuations in the strain
values of the four objects are caused by environmental dis-
turbances and the sensitivity level of the nanometer-scale
FBG measuring instrument. Due to the low magnitude
of the noise, it is acceptable to assume that the sensitivity
causes the estimates for each object to fluctuate by 10−6.
The change in strain decreases or increases relative to the
initial state because the calculations place more emphasis
on the modulus of the change in wavelength (strain).

The measured oxygen saturation values did not show a
significant change from low to high flow, which was indi-
cated by an increase of only 1% to 2%. The measurement
results are shown in Table 2. These results illustrate that
the object data is included in the normal category ( > 95%).
Furthermore, normal oxygen saturation indicates good tis-
sue perfusion, which is indicated by capillary refill time
and is also supported by normal oxygen saturation [35].

5. FBG induced back-body design

Measurement of respiratory characteristics through the
back-body surface is carried out by inducing the FBG at-
tached to the tape layer. Then tested in various positions
behind the adult body using OSI and a computer. An illus-
tration of this experiment can be seen in Fig. 4(a). This test
is performed while standing under normal breathing con-
ditions and supplemental oxygen as shown in Fig. 4(b)
(c). The same test was also performed while running
while breathing normally and with supplemental oxygen
as shown in Fig. 4(d) and (e).

The detection of breathing through the back-body sur-
face is read by OSI as a function of the wavelength inten-
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Table 1. FBG strain measurements at several positions on the mask for each object.

Oxygen flow Strain FBG-top (µε) Strain FBG-middle (µε) Strain FBG-bottom (µε)
(1/min) O1 O2 O3 O4 O1 O2 O3 O4 O1 O2 O3 O4

1 71.9 59.6 70.2 70.9 50.8 53.8 53.7 58.5 8.7 27.2 21.5 −5.2
2 72.3 70.6 63.5 71.0 49.6 59.5 51.2 49.9 8.5 36.7 24.7 −2.5
3 72.1 75.7 56.8 70.9 51.3 59.6 43.8 54.1 8.2 36.6 18.5 18.3
4 71.6 78.5 53.3 70.7 50.6 59.7 44.3 55.5 8.4 35.1 18.7 20.1
5 71.2 70.4 57.6 65.6 46.7 53.7 44.1 57.6 8.4 31.2 9.8 20.2
6 70.8 70.7 53.4 65.8 46.9 52.8 44.0 47.5 6.2 13.5 9.6 47.5
7 70.7 65.9 53.1 62.8 43.2 49.5 44.1 43.2 5.1 15.7 5.2 47.6
8 69.5 62.4 51.2 62.1 41.4 46.2 38.7 42.8 10.1 9.8 0.5 54.0
9 67.4 64.2 53.1 62.0 41.6 42.4 38.5 41.1 6.0 9.6 -9.1 57.5

10 64.9 61.6 52.9 61.9 43.3 41.2 35.2 40.2 0.2 9.5 0.9 55.1

Table 2. Measurement of oxygen saturation for each object.

Oxygen flow Oxygen saturation (%)
(1/min) Object O1 Object O2 Object O3 Object O4

1 98.7 97.7 97.7 97.7
2 98.7 87.3 97.7 98.7
3 97.7 98.0 97.7 98.3
4 97.7 97.7 97.7 99.0
5 99.0 99.0 97.7 99.0
6 98.7 97.0 98.7 99.0
7 97.7 98.7 98.0 99.0
8 98.3 98.0 98.0 99.0
9 99.0 99.0 98.3 99.0

10 99.0 99.0 98.0 98.3

sity. When the laser beam passes through the FBG which is
located on the back-body of a human, the FBG will feel vi-
brations due to inspiratory and expiratory breathing. This
activity causes a shift in wavelength as a result of stretching
the back body. FBG strain placement uses a non-invasive
sensor that attaches directly to the back of an adult’s body.
The FBG reflection data is sent to the OSI connected to
the monitor to display the measurement results. Then, the
Bragg wavelength (λB), the change in Bragg wavelength
(∆λB), and the strain (ε) are transformed into a function of
the position of the strain (ε = f (x)). This calculation uses
Eqs. (3) and (4) to determine the changes in Bragg wave-
length and strain on the 1550 nm FBG. The data obtained
from the measurement results are then programmed in the
form of a 2D analysis graph of the strain position against
the back-body surface.

6. FBG strains distribution

Normal breathing is maintained for 60 seconds for each
object while standing still. The FBG strain profile produced
for each object is shown in Fig. 5(a). The results of FBG
strain measurements from the position of each object were
more dominantly detected in the middle back area. Objects
O1 and O3 have the same FBG strain distribution with

Fig. 4. Measurement of human respiratory characteristics
is carried out by (a) inducing FBG through the back-body
surface, where the FBG strain is connected directly to OSI
and then forwarded to a computer. This experiment was
tested with the object standing still while breathing (b)

normally and (c) with supplemental oxygen. In addition,
the object also performs running activities while breathing

(d) normally and (e) administering additional oxygen.



2344 Saktioto et al.

Fig. 5. FBG strain distribution on the back-body surface in
the condition of the object standing still while breathing (a)

normal and (b) supplemental oxygen.

peak values right on the slightly lower back of 95.55µε and
115.4µε. Objects O 2 and O 4 also have the same profile with
the highest distribution of FBG strains in the upper back of
82.73µε and 74.04µε. Even so, the highest FBG strain values
were obtained relatively in the middle back. These results
are consistent with the reports of Dziuda et al. (2012) that
the strongest physiological signals were obtained when the
FBG was positioned along the longitudinal axis of the body
[3].

A Comparison of FBG strains under standing still
breathing conditions using oxygen flow is shown in
Fig. 5(b). The addition of oxygen flow in the body by 4
l/minute is conditioned by the levels of each object as mea-
sured using an oximeter. The FBG strain distribution area
for object O1 has increased by more than 70% with the high-
est strain value in the lower back area of 74.87µε. Objects
other than O 1 had a more distribution of FBG strains in
the upper back area with an estimated mean area increase
of 40%. However, the peak value of the FBG strain for
objects O2 and O3 is located on the lower back with values
of 70.73µε and 92.66µε. At the same time, object O4 has
a peak FBG strain of 64.11µε on the upper back. In that
case, the increased flow of oxygen in the breath causes the
back-body to stretch even more extensively. Therefore, the
pressure gradient applied and the response perceived by
the FBG progressively increases over a wider area. Detailed
data regarding FBG strains on the back-body surface with
an object standing upright can be seen in Table 3.

The FBG strain distribution for each object as shown
in Fig. 6(a) is the result of measuring the condition of the
object running with normal breathing. Objects O1 and O3
have exactly the same FBG strain distribution in the vertical
spine with peak values of 100.1 µε and 107.1µε in the low
back. Compared to objects O 2 and O 3 , the most dominant
FBG strain distribution was on the upper back with values
of 59.56µε and 76.11µε. The resulting FBG strain appears to
be increased compared to the standing state. This is because
objects require more air intake when running so the FBG

Fig. 6. FBG strain distribution on the back-body surface in
the condition of the running object while breathing (a)

normal and (b) supplemental oxygen.

strain increases because the back of the body experiences
a greater stretch. In addition, the spread of strain on the
back varies due to the FBG response by other parameters
such as circulation of air, blood, and other fluids, including
body movements. The spread of strain that occurs in these
three objects is very small due to the work of the body’s
metabolism and also the temperature after activity [36].
However, the resulting strain is still concentrated in the
vertical region of the back.

Fig. 6(b) is the FBG strain distribution for each object
in running conditions while breathing using supplemental
oxygen. The addition of an oxygen flow of 4 l/min aims to
determine the body’s response to the distribution of strain
that occurs on the back of each object. Furthermore, the
FBG strain distribution varies more when the activity is
carried out because the pressure of human motion changes.
This results in changes in human body temperature at the
time of sampling. Objects O1 and O3 experienced a smaller
increase in the distribution area of the FBG strain by 20%
with the highest values being 74.97µε and 99.27µε on the
lower back. However, objects O 2 and O4 experienced a
remarkable increase in the FBG strain distribution of 90%
with the highest values being in the mid-back of 48.39µε

and 75.28µε. Strain distribution occurs in each object when
carrying out activities that are larger and more frequent
than other measurement conditions. The strain value varies
because the body’s response to activity requires more oxy-
gen intake to 75 times per minute. On the other hand, it
requires 12 to 20 times per minute under normal conditions.
Therefore, the faster a person breathes, the more strain oc-
curs. Complete detailed data regarding the FBG strain on
the back surface of the body with a running object can be
seen in Table 4.

7. Conclusions

This study successfully designed and measured FBG on
nasal respiratory flow, as well as the response on the back-
body surface. FBG produces a wavelength function strain
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Table 3. FBG strain on the back-body surface with the object standing upright

Object Value
FBG strain ( µε)

Normal Supplemental oxygen

O1
Max 95.55 74.87
Min 0.082 -58.74

O2
Max 82.73 70.73
Min -18.61 -28.12

O3
Max 115.4 92.66
Min -20.68 -59.56

O4
Max 74.04 64.11
Min -40.53 -89.76

Table 4. FBG strain on the back-body surface with running object

Object Value
FBG strain ( µs )

Normal Supplemental oxygen

O1
Max 100.1 74.87
Min -12.41 -10.75

O2
Max 59.56 48.39
Min -13.65 -19.85

O3
Max 107.1 99.27
Min −13.65 -23.57

O4
Max 76.11 75.28
Min -21.92 -45.91

value on the order of 10−6 in normal breathing conditions
with additional oxygen flow. In this case, the largest strain
was at the top and middle positions of the mask. The strain
value decreases with the addition of oxygen flow due to
stress. Furthermore, the oxygen levels increase with the
addition of external oxygen flow. For designs and measure-
ments at the mid-back position that occurs vertically, the
most frequently in a rather central position. The condition
of objects that are active using oxygen flow gives more
stretch responses. This is influenced by several internal
factors, such as weight, genetics, and neglected hormonal
disorders. However, this FBG system has the advantage of
measuring respiration in terms of subtle strain factors in an
emergency call for the development of a human respiratory
FBG sensor.
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