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ABSTRACT

Respiratory rate is an important physiological parameter because changes in breathing pattern can indicate an abnormal
condition. The proposed paper presents a low-cost Arduino-based respiratory monitoring and sleep apnea alert proto -
type using a Force Sensitive Resistor (FSR) mounted on an elastic chest belt. During inhalation and exhalation, chest
expansion and contraction produce changes in the force applied to the sensor, causing a corresponding change in its
electrical resistance. The Arduino Uno reads this analog signal, identifies breathing cycles, estimates respiratory rate,
and displays the result on an LCD. When significant respiratory movement is absent for a predefined demonstration
interval, the controller identifies a possible apnea event, activates a buzzer, and switches a relay connected to a mini
DC air pump. The pump supplies ordinary ambient air to a balloon or similar safe demonstration load to visualize
automatic airflow activation. The proposed system is intended as an educational prototype for demonstrating sensing,
signal processing, decision logic, alert generation, and load control; it is not a medical diagnostic or oxygen-delivery
device.

Keywords: Respiratory Rate, FSR Sensor, Respiratory Belt, Arduino Uno, Sleep Apnea, Buzzer, Relay, Air Pump,
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INTRODUCTION:

General:

Respiration is a continuous physiological process in
which air is inhaled and exhaled to support the ex-
change of gases in the body. Respiratory rate is
therefore a useful parameter for observing breathing
activity. Wearable respiration monitors commonly
detect chest or abdominal motion using strain, pres-
sure, piezoresistive, inductive, optical, or other sens-
ing methods. Recent research has demonstrated that

chest belts and textile sensors can provide non-inva-
sive respiratory measurements while allowing the
subject to move more freely than with conventional
laboratory equipment. A 2019 study by Vanegas,
Igual, and Plaza specifically demonstrated a wearable
breathing system using a piezoresistive FlexiForce
sensor attached to a common chest strap, showing the
suitability of force-sensitive sensing for respiratory-
rate estimation. Table 1 shows the Respirate rate for
each group.

Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

719 |Page



Dhayanithi S., Int. J. Sci. R. Tech., 2026 3(10), 719-727 | Review

Age Group

Average Resting Respiratory Rate

(breaths per minute)

Birth to 6 weeks

30-40 breaths per minute

6 months 25-40 breaths per minute

3 years 20-30 breaths per minute

6 years 18-25 breaths per minute
10 years 17-23 breaths per minute

Adults 12-16 breaths per minute
50 years 18-25 breaths per minute[10]

Elderly >65 years old

12-28 breaths per minute.[13]

Elderly > 80 years old

10-30 breaths per minute.

Table 1: Respiratory Rate for Different Age Groups

Inhalation is the process of breathing air into the
lungs. During inhalation, the diaphragm contracts and
moves downward, while the chest cavity expands.
This causes the chest and abdomen to move outward.
In our system, this chest expansion produces pressure
on the FSR sensor placed inside the respiratory belt.
The change in pressure changes the resistance of the
FSR, producing an electrical signal that is detected by
the Arduino.

Exhalation is the process of releasing air from the
lungs. During exhalation, the diaphragm relaxes and
moves upward, causing the chest cavity to decrease in
size. The chest and abdomen move inward, reducing
the pressure applied to the FSR sensor. The resulting
change in the FSR signal is detected by the Arduino
and is used to identify the completion of a breathing
cycle. Figure 1 shows the inhalation and exhalation.
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Figure 1: Inhalation and Exhalation

Sleep apnea is characterized by repeated interruptions
or reductions in breathing during sleep. Clinical di-
agnosis is normally more comprehensive than simply
observing chest movement, but respiratory effort is an
important part of sleep monitoring. Research has also
shown that low-cost respiratory belts can provide
useful information for sleep-apnea pre-screening and
automated respiratory-event analysis. The present
student paper adopts the same basic sensing principle
at prototype level and focuses on simple real-time
detection and alert logic rather than clinical diagnosis.

Literature Survey:

Lo Presti et al. (2017) have investigated a wearable
textile for respiratory monitoring using fiber Bragg
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grating sensors. Their study focused on how the po-
sition of the sensor affects the respiratory signal ob-
tained from the wearable system. The researchers
have examined the relationship between sensor
placement and the quality of respiratory measure-
ments. Their work has provided useful information
for designing wearable systems for respiratory moni-
toring [1].

Molinaro et al. (2018) have developed a wearable
textile based on a silver-plated knitted piezoresistive
sensor for respiratory monitoring. They have evalu-
ated the ability of the sensor to estimate respiratory
rate using a wearable textile structure. The estimated
respiratory rate has been compared with measure-
ments obtained from a spirometer. Their study has
demonstrated the potential of piezoresistive textile
sensors for wearable respiratory monitoring [2].

Vanegas, Igual and Plaza (2019) have developed a
piezoresistive breathing-sensing system using a Flex-
iForce sensor attached to a chest strap. The sensor has
been used to detect breathing-related changes through
the chest strap arrangement. The researchers have also
integrated the electronic components into a compact
wearable casing. Their work has provided a practical
approach for implementing a compact wearable
breathing-sensing system [3].

Kristiansen et al. (2023) have clinically evaluated a
low-cost strain-gauge respiration belt for respiratory
monitoring. Their study has examined the use of the
belt together with machine-learning methods for
sleep-apnea pre-screening. The evaluation has been
performed using home sleep recordings. Their work
has shown the relevance of low-cost respiration belts
for respiratory monitoring and preliminary sleep-ap-
nea assessment [4].

Nassi et al. (2021) have demonstrated automated
respiratory-event detection using deep neural net-
works. Their approach has used respiratory-effort
signals obtained from polysomnography for identify-
ing respiratory events. The study has focused on ap-
plying automated computational methods to
respiratory signals. Their work has indicated that
respiratory-effort measurements have potential for
supporting automated detection of abnormal breath-
ing events [5].

Dhruba et al. (2022) have proposed an loT-based
sleep-apnea monitoring system that combines physi-
ological sensors with remote monitoring. The system
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has been designed to collect physiological informa-
tion and provide monitoring capabilities beyond the
local device. Mobile notification has also been incor-
porated into the proposed approach. Their work has
demonstrated how IoT technologies have been ap-
plied to sleep-apnea monitoring and remote notifica-
tion systems [6].

Romano et al. (2024) have developed a flexible tex-
tile-sensor smart T-shirt for respiratory monitoring.
Their research has investigated how the position of the
sensor influences the quality of the respiratory signal.
The study has considered the use of textile-based
sensing for wearable respiratory monitoring. Their
findings have contributed to understanding the im-
portance of sensor placement when designing smart
clothing for respiratory applications [7].

Carneiro, Silva and Tavakoli (2026) have studied
wearable respiration-rate estimation using printed
strain sensors. Their research has examined the effects
of sensor geometry and thoracic placement on respi-
ratory measurements. They have also investigated
different cycle-detection methods for estimating res-
piration rate. Their study has highlighted the impor-
tance of sensor design, placement and signal-
processing methods in wearable respiratory monitor-
ing [8].

Finnsson et al. (2026) have investigated the use of
respiratory inductance plethysmography for quanti-
fying changes in ventilation in obstructive sleep ap-
nea. Their work has focused on respiratory
measurements that can provide information about
changes in ventilation. The study has considered res-
piratory monitoring in relation to obstructive sleep
apnea. Their research has demonstrated the relevance
of respiratory inductance measurements for observing
breathing-related changes during sleep [9].

Jash et al. (2026) have presented a wearable system
for real-time respiratory-rate monitoring during daily
activities. Their work has explored continuous respi-
ratory-rate monitoring using wearable sensing ap-
proaches. The researchers have also discussed
limitations associated with wearable PPG-based res-
piratory-rate estimation. Their study has emphasized
the challenges involved in obtaining reliable respira-
tory measurements while a person is performing nor-
mal daily activities [10].

Reidy, Meier and Holz (2024) have introduced a
chest-strap wearable system using ultra-wideband
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radar for continuous respiratory-rate monitoring.
Their system has used a chest-strap arrangement to
obtain respiratory information continuously. The
research has considered respiratory monitoring during
motion, where wearable systems can face challenges
in maintaining signal quality. Their work has demon-
strated another approach for implementing continuous
respiratory-rate monitoring using wearable technol-
ogy [11].

Baraeinejad et al. (2024) have described an loT-based
respiratory-motion sensor using an FSR attached to a
mechanical structure. The FSR has been used to sense
respiratory-related motion and convert it into infor-
mation that can be processed electronically. The sys-
tem has also incorporated Bluetooth Low Energy for
data streaming. Their work has provided a useful
reference for combining FSR-based respiratory sens-
ing with wireless communication and IoT-based
monitoring [12].

Hosseini, Khatounabadi and Fakharzadeh (2026)
have presented a low-power wearable respiratory
sensor using an FSR embedded in an abdominal belt.
Their system has used the FSR to monitor respiratory
movement without requiring invasive measurement
methods. The abdominal-belt arrangement has pro-
vided a wearable structure for positioning the sensor
close to respiratory movement. Their work has sup-
ported the use of FSR-based belt systems as a practi-
cal approach for non-invasive respiratory monitoring
[13].

Xu et al. (2026) have proposed an optical-fiber strain
sensor integrated into smart clothing for respiratory
monitoring. Their research has focused on obtaining
robust respiratory measurements using a sensor in-
corporated into wearable clothing. The study has
considered environmental and motion variations that
can affect wearable respiratory signals. Their work
has demonstrated the continued development of
smart-clothing-based sensing approaches for respira-
tory monitoring applications [14].

Yoon et al. have investigated wearable respiratory-
sensing approaches based on stretchable strain sen-
sors. Their work has focused on monitoring breathing
movements using flexible sensing structures. The
sensors have been considered for applications in-
volving physical activity, where body movement can
influence respiratory measurements. Their research
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has contributed to the study of wearable strain-sens-
ing techniques for observing breathing movements
during different activities [15].

Studies using respiratory inductance plethysmogra-
phy have established chest and abdominal movement
as useful signals for observing respiratory effort dur-
ing sleep studies. These studies have shown that
movement of the chest and abdomen can provide
information about breathing patterns. Respiratory
effort measurements have therefore been used as an
important source of information in sleep-related res-
piratory monitoring. This research has provided a
foundation for wearable systems that detect breathing
movement through the chest or abdomen [16].

Research on smart textiles have shown that sensor
location and mechanical coupling strongly influence
the amplitude and quality of respiratory signals. The
position of a sensor has an important effect on how
effectively breathing-related movement is transferred
to the sensing element. Researchers have therefore
considered sensor placement when developing wear-
able textile systems. These findings have provided
useful guidance for designing wearable respiratory-
monitoring systems with suitable sensor positioning
[17].

Research on piezoresistive wearable sensors have
indicated that simple voltage-divider circuits can
convert mechanical deformation into an analog elec-
trical signal. The change in sensor resistance has been
used to produce a corresponding electrical output that
can be processed by an embedded controller. Such
circuits have provided a relatively simple method for
interfacing resistive wearable sensors with electronic
systems. This approach has therefore been useful for
developing low-cost wearable sensing prototypes
[18].

Work on automated respiratory-event detection have
indicated that respiratory-effort signals can support
the detection of abnormal breathing events. Re-
searchers have applied signal-processing techniques
and machine-learning methods to analyze respiratory
measurements. These approaches have provided
methods for identifying changes in breathing patterns
from recorded respiratory signals. The research has
therefore demonstrated the potential of automated
processing for respiratory-event monitoring and
sleep-related applications [19].
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Across the reviewed literature, wearable belts, strain
sensors, FSR-based sensing, and embedded con-
trollers have provided a practical foundation for low-
cost respiratory monitoring systems. Previous studies
have explored different sensor types, wearable struc-
tures, sensor positions and signal-processing tech-
These works have demonstrated that
respiratory movement can be measured using rela-
tively compact wearable sensing arrangements. The
reviewed research has therefore provided the founda-
tion for developing our proposed low-cost educational
respiratory-rate monitoring and sleep-apnea alert

niques.

system [20].
Problem Statement:

Continuous observation of breathing is difficult when
aperson is not directly supervised. A simple prototype
is required to detect chest movement, calculate respi-
ratory rate, and recognize a prolonged absence of
respiratory movement. The system should provide a
clear visual indication of the measured rate and an
audible warning when the no-breathing condition
persists beyond the programmed demonstration
threshold. For a safe classroom demonstration, the
automatic response should use a small air pump and
ordinary ambient air rather than medical oxygen.

Scope of the Study:

The study covers the design and construction of a
wearable FSR-based respiratory sensing belt, Arduino
signal acquisition, respiratory-cycle detection, LCD
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display, apnea-alert logic, relay control, and a small
airflow demonstration. The system can be extended
with Bluetooth or Wi-Fi logging, additional physio-
logical sensors, improved filtering, a rechargeable
power system, and more advanced respiratory-event
classification. The present prototype does not replace
polysomnography, clinical respiratory monitoring,
CPAP, or medical oxygen equipment.

PROPOSED SYSTEM:

The proposed system is divided into five functional
stages: sensing, signal conditioning, controller pro-
cessing, output indication, and airflow demonstration.
The FSR is positioned inside an elastic chest belt with
a small compliant pad so that chest expansion and
contraction produce repeatable pressure changes. The
FSR is connected as a voltage divider, and the result-
ing analog voltage is applied to the Arduino Uno
analog input. The controller samples the signal, de-
tects successive breathing peaks or threshold cross-
ings, and calculates the respiratory rate from the time
interval between detected cycles. The measured rate
and system status are displayed on an LCD. If the
signal remains below the breathing-detection thresh-
old for the programmed interval, the controller acti-
vates the buzzer and relay. The relay supplies the
switching interface for the mini air pump, which pro-
duces ambient-air flow for demonstration. Figure 2
shows the block diagram of the Respiratory rate
monitoring system.

723 | Page



Dhayanithi S., Int. J. Sci. R. Tech., 2026 3(10), 719-727 | Review

RESPIRATORY BELT
WITH FSR SENSOR

v

SIGNAL CONDITIONING /
ANALOG INPUT (A0)

v

ARDUINO UNO

v

RESPIRATORY RATE
CALCULATION

v

SLEEP APNEA DETECTION

RESPIRATORY RATE &
STATUS DISPLAY

LCD DISPLAY
(12C 16x2)

BREATHING
NORMAL?

BUZZER
ALERT

RELAY
MODULE

MINI AIR
PUMP

AIRFLOW
TO MASK

Figure 2: Block Diagram of the Respiratory Rate Monitoring System

Hardware Components and Working:

The main hardware consists of an Arduino Uno, an
FSR sensor, an elastic respiratory belt, a 10 kQ resis-
tor for the voltage-divider circuit, a 16x2 12C LCD, a
piezo buzzer, a one-channel relay module, a 12 V mini
DC air pump, a 12 V adapter, tubing, a balloon for
airflow demonstration, a breadboard, jumper wires,
and a suitable enclosure. The Arduino provides the
control logic. The FSR acts as the non-invasive sens-
ing element. The LCD gives immediate feedback to
the user. The buzzer provides the alert and the relay
permits the low-power Arduino output to control the
pump load.

Respiratory Sensing and Signal Processing:

An FSR does not directly measure airflow; instead, it
senses a change in applied force. When the belt is
worn around the chest or upper abdomen, inhalation
and exhalation cause small changes in the mechanical
pressure transferred to the sensor. The FSR resistance
changes with applied force. With a fixed resistor, this
resistance variation becomes a changing voltage that
can be sampled by the Arduino's analog-to-digital
converter. A simple threshold-and-timing method is
sufficient for a student prototype: a valid breathing
cycle is identified when the signal crosses a calibrated
threshold in the expected direction and a minimum
interval has elapsed since the previous cycle. The
respiratory rate can then be estimated as the number
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of valid cycles per minute or from the measured cycle
period.

Sleep Apnea Alert Logic:

The prototype uses a programmable no-breathing
timer rather than claiming clinical apnea diagnosis.
During normal operation, every valid respiratory
movement resets the no-breathing timer. If no valid
movement is detected continuously for the selected
demonstration interval, the controller changes the
status to '"APNEA ALERT, activates the buzzer, and
energizes the relay. The relay switches the mini air
pump, and the pump sends ordinary ambient air
through tubing to a balloon or other safe visual load.
When respiratory movement is detected again, the
alarm and pump can be switched off according to the
programmed logic. The airflow stage is strictly a
demonstration of automatic actuation and must not be
connected to a person or used as a substitute for pre-
scribed respiratory support.

Circuit Diagram:

The FSR and 10 kQ resistor form a voltage divider.
One end of the FSR is connected to 5 V and the other
end is connected to the Arduino A0 input and the fixed
resistor to ground. The I2C LCD uses the Arduino
Uno A4 (SDA) and A5 (SCL) pins. A digital output
controls the relay module and another digital output
drives the buzzer. The air pump is powered from its
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separate 12 V supply through the relay's load contacts.
The Arduino ground and low-voltage control circuit
are connected as required by the relay module, while
the pump current is kept out of the Arduino I/O pin.
Figure 3 shows the circuit diagram.
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Figure 3: Circuit Diagram
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EXPECTED RESULTS AND DISCUSSION:

During normal breathing, the FSR output should show
a repeating waveform or changing analog level cor-
responding to chest movement. The Arduino should
count these cycles and show a respiratory rate on the
LCD. During a controlled classroom demonstration,
temporarily reducing respiratory movement should
cause the no-breathing timer to increase. After the
selected threshold is reached, the LCD should indicate
the alert condition, the buzzer should sound, and the
relay should switch the mini air pump. The pump
should inflate a small balloon or create visible airflow
through tubing, demonstrating the automatic re-
sponse. Figure 4 shows the output waveform.
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Figure 4: Output Waveform

CONCLUSION:

The proposed Arduino-based respiratory rate moni-
toring and sleep apnea alert prototype demonstrates
how a simple wearable FSR sensor can be interfaced
with a microcontroller to detect respiratory movement
and estimate breathing rate. The addition of an LCD,
buzzer, relay, and mini air pump extends the paper
from basic sensing to automatic decision-making and
load control. The paper is therefore suitable as an
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educational biomedical instrumentation and digital/
electronics prototype, while its limitations are clearly
separated from clinical respiratory diagnosis and
medical oxygen delivery.
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