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Abstract

Currently, most respiratory system equipment has constraints preventing rapid and straightforward readings. Additionally,
respiratory disorders require continual attention. To address this issue, the Spirometer volume so-called SpiroLUME
device has been successfully developed to observe lung capacity performance. This research attempts to evaluate the
reliability of the device's data using accurate patient information. Arduino Nano serves as the microprocessor, pressure
sensor, oximeter sensor, and LCD screen display for the SpiroLUME device. The device can monitor and measure the
user's peak expiratory flow (PEF), SpO2, and heart rate. Based on the preliminary test, the typical values range from 3.5
to 7 L/s, or 50 to 80 percent of the patients' maximum flow rate, at a heart rate between 60 and 96 beats per minute.
Moreover, the oxygen level data range is 94% to 98%. The efficiency of the device has been compared with the existing
device. As a result, the SpiroLUME device provides accurate and consistent PEF, SpO2, and heart rate readings for all
patients.
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INTRODUCTION

Extreme climate change and air pollution result from dust, smoke, and gas emissions. Automobile and industrial trash can
increase the risk of contracting several diseases. [1-2]. Particularly respiratory illnesses that are caused by viruses. The
spirometer gadget was just an upside-down calibrated bucket immersed in water. The volume of expelled air from
completely expanded lungs could be precisely quantified by exhaling into a tube to a bucket. Dr Hutchinson invented the
phrase "vital capacity,” also known as “capacity for life," when he found that a reduction in this important indicator was
predictive of early death. [3]. A spirometer measures airflow. Using the time-integrated airflow signal, the change in air
volume is calculated. [4]. The gadget also monitors the amount of air a person may intake and exhale over a specific
period. This measurement is frequently used to diagnose lung disorders, including obstruction and remodeling. [5]. The
primary objective of office spirometry is to evaluate a patient's exhalation force and discriminate between obstructive and
restrictive lung disease based on the test's results. The force of exhalation can be assessed in terms of volume or flow. [6].
The lungs are related to blood circulation and are part of the respiratory system. Less oxygen in the body will affect the
human body's health system, producing asthma and anemia in the circulatory and respiratory systems, respectively. It is
the only organ having two circulations: the pulmonary circulation, whose primary function is gas exchange, and the
bronchial circulation, which supplies oxygenated blood to the airway walls, pulmonary arteries, and pulmonary veins.
Despite low intravascular arterial pressure, pulmonary circulation may sustain a high blood flow and accommodate
cardiac output. [7,10,11]. Age, height, and gender are the only factors determining lung capacity and volume. Physical
activity can alter lung capacity. The lung capacity of athletes, laborers, and coolies is greater than that of office workers.



https://doi.org/10.5281/zenodo.10049652#56
http://www.twistjournal.net/
https://creativecommons.org/licenses/by-nc-sa/4.0/

Lung disease or asthma reduces lung capacity. Asthma narrows the airways, hence decreasing lung airflow. Lung volume
decreased [8-9].

However, the lack of experts in the production of devices to test lung capacity in measuring and undergoing lung
rehabilitation training is essential. So, the research or fabrication process to create the SpiroLUME device has been
successfully developed. In this study, we aim to test the consistency of data obtained from the SpiroLUME device using
real patients.

MATERIALS AND METHODS

Peak Expiratory Flow (PEF)

Peak expiratory flow (PEF) is the most significant flow recorded from full inspiration to full inspiration during a forced
expiratory vital capacity test. In healthy individuals, the index assesses the diameter of the central airways and the force
exerted by the expiratory muscles. [10-11]. PEF is widely used to treat patients with variable airflow limitation, which is
heavily impacted by the size of the peripheral airways. The indicator correlates with effort level. The conclusions are
influenced by the commonly recognized definition of peak flow, including its duration. Comparing the obtained data to
those of other devices takes work. Therefore, further work is necessary. [12-13]. The maximal expiratory flow at a given
lung volume is the most outstanding expiratory flow achievable at a given lung volume by performing a forced expiratory
maneuver beginning at the terminal lung capacity (TLC). A whole-body plethysmograph can detect alterations in lung
capacity through the mouth or chest. The first method does not account for the reduction in lung capacity caused by the
compression of alveolar gas during forced expiration. Consequently, the outputs of the two techniques may vary
considerably. This decrease reduces the lung's elastic rebound and airway diameter [14-15].

Heart Rate (HR) and Oxygen Level (SpO2)

Oxygen saturation is defined as the detection of Hemoglobin and Deoxyhemo-globin to determine the quantity of oxygen
dissolved in the blood. Standard monitoring equipment in contemporary hospitals is the pulse oximeter [16-17]. Pulse
oximeters have the potential to serve as diagnostic tools for respiratory and cardiovascular conditions. This innovation has
dramatically reduced the mortality risk associated with anesthesia and surgery [18-19]. SpO2 represents the ratio of
oxygen-bound to unbound hemoglobin molecules. A healthy person has a 95% oxygen saturation level. A decrease below
95% indicates an imbalance in oxygen delivery or consumption, such as that caused by an impeded gas exchange in the
lungs as a result of severe respiratory diseases like pneumonia and asthma or by an increase in consumption and impeded
gas exchange as observed in other systemic inflammatory and infectious diseases-es. Most individuals have heart rates
between 60 and 100 beats per minute (bpm). Anxiety, stress, hormones, drugs, and physical activity can affect a person's
heart rate. [20-21].

Development of SpiroLUME Device

The SolidWorks 3D CAD software was used to create the three-dimensional design of the SpiroLUME device. The sensor
unit and hand wrap are detachable to facilitate storage. The device's housing is 3D-printed using PLA filament to assist in
installing the electrical sensor. As seen in Figure 1, the SpiroLUME device consists of an electrical box, a 5V battery, and
various electronic components. This concept has three applications: heart rate, oxygen level (Sp02), and peak expiratory
flow (PEF).
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Fig. 1 Electric and electronic circuit diagram for the SpiroLUME device

This device features an external controller and displays to reduce the number of electronic components inside. The device
enables users to monitor real-time health data and receive phone notifications immediately. In addition, the internal
battery is intended to be recharged using the Android cable. This SpiroLUME device featured a mouthpiece with a single
usage. The purpose of this mouthpiece is to expel air from the mouth. The sensor MPXV7002DP is the input of an




instrumentation amplifier. The MPXV7002DP is a dual-port, 8-pin SOIC integrated silicon pressure sensor. This
sophisticated monolithic silicon pressure sensor is suitable for many applications. The A/D inputs are beneficial for
microcontrollers and microprocessor users. This pressure transducer uses complex micromachining techniques, thin-layer
metallic-station, and bipolar processing to provide a precise, high-level, pressure-proportional analog output signal. In
addition, a heart-rate pulse sensor from MAX30100 is used to measure pulse oximetry and heart rate simultaneously.
After collecting microcontroller output data, the gadget of this monitoring system shows PEF, heart rate, and SpO2
through LCD. Due to its tiny size, which enables device connection, Arduino mini is selected as a microcontroller. The
LCD will display the results of the measurements. An LED light and a buzzer will alert the patient if he or she has yet to
reach the target.

Component of SpiroLUME Device

In this study, a mouth blow was amplified using an instrumentation amplifier to assess peak expiratory flow (PEF). The
default analog-to-digital (A/D) converter of the Arduino NANO is used to convert analog to digital data, which is then
translated to volume units using the venturi meter method and the analysis of SpO2 and heart rate. The volume
measurement and oximeter results will be shown on an LCD. The mobile applications are designed to display the patient's
peak expiratory flow as shown in Table 1, SpO2 level, and heart rate, as illustrated in Figure 2.

Table 1 Peak expiratory flow measuring indicator

Result Level Description
>7 High Well-regulated. The lung is healthy and in good condition
3-7 Medium Getting worse or is poorly controlled.
>3 Low It requires emergency care.
SENSOR

SpiroLUME

1. Pressure
2. Heart Rate & Blood
Oxygen Level

U e
Microcontroller

Via Bluetooth

Apps
Fig. 2 lllustrated the details operation process flow of the SpiroLUME device integrated with mobile apps.

RESULTS AND DISCUSSION

The SpiroLUME device is well-designed and developed as shown in Figure 3. The device is integrated with mobile apps
and can determine a patient's lungs' peak expiratory flow volume and provide healthcare monitoring via smartphone
applications. The SpiroLUME device also can be fitted with an oximeter sensor. In addition, the SpiroLUME device is
equipped with an indicator and a display to alert the clinician when a parameter value reaches an abnormally high or low
value.
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Fig. 3. (a) The prototype of the SpiroLUME device; and (b) The MIT apps. inventor




SpiroLUME Device

The SpiroLUME device is equipped with a pressure sensor, heart rate, and oxygen (SpO2) level. The design's apex
includes an LCD for monitoring each sensor. Approximately 9 volts are needed to activate the monitoring sensor. Before
this monitoring system can be utilized, Bluetooth must be enabled. The SpiroLUME device will transmit data to the MIT
apps. developer to show data on the smartphone's display. LCD allows for one display to be connected. Peak expiratory
flow, heart rate, and blood oxygen levels are shown on the LCD screen.

Preliminary Consistency Test

Test preliminary consistency tests have been done with 9 data patients. All the participants come from different
backgrounds. All the test was performed 5 times to test the level of consistency of the data sent on the mobile apps.
According to the graph, emergency care is required between 0 and 3.5L/s. Their lung capacity and output are below fifty
percent of their peak levels. This can also warn asthmatics of upcoming episodes. A physician must identify the patient's
symptoms. The average values are 3.5-7 L/s or 50%-80% of the maximal flow rate of the patient. The patient is in good
health. The volumetric flow rate is 7 L/s. Their highest output ranges from 80% to 100%. Thus, their lung capacity is
maximized, showing that they have healthy lungs and adopt a healthy lifestyle. The graph shows users lowering their
breathing rate. As shown in Figure 4, after SpiroLUME testing, some people seem tired and have a large gap between the
RossMax and SpiroLUME devices. 77% of patients have medical device similarity data. Devices differ in 2—3% of patient
data. Smokers and poor lifestyles show a considerable decline in the graph above. Because their muscles are fatigued,
these groups' respiration rate has slowed. Recent evidence suggests that all users have distinct pulmonary illnesses.
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Fig. 4 Illustrated the preliminary test of the peak expiratory flow (PEF) of the patient

Figure 5 and Figure 6 show readings for heart rate and SpO2 level respectively for nine users of the SpiroLUME device.
From the five readings taken and then the average of the data was calculated, the test gives each user a unique range, as
seen above. The graph shows that user heart rates fluctuate. Except for three people, heart rate comparison data between
the two devices is essentially tallied. SpiroLUME data ranges from 60 to 96 bpm. Some participants are active and
healthy. The number may rise when the patient sits, speaks, or moves. The BERRY Pulse Oximeter is compared to this
test. Based on all patients' heart rate data, we found a 60% re-semblance device percentage. The SpO2 levels are 40%
comparable due to sensor issues. The SpO2 tests often read 95-100%. This test showed most SpiroLUME levels below
95% compared to BERRY Pulse Oximeter data. However, further investigation should also be conducted to update the
current state of the device. In addition, accuracy testing and device validation should be conducted immediately to further
strengthen the operational results and basic functionality of the SpiroLUME device and to test the lung capacity level of
the patient's respiratory system. Moreover, the oxygen level data range is 94% - 98%. The efficiency of the device has
been compared with the effectiveness of a medical device. As a result, the SpiroLUME device provides accurate and
consistent PEF, SpO2, and heart rate readings for all studied patients.
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Fig. 5 Demonstrated the comparison test of the SpO2 level (%) for 9 patients using a SpiroLUME device and Berry Pulse Oximeter
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Fig. 6 Demonstrated the comparison test of the heart rate (HR) for 9 patients using a SpiroLUME device and Berry Pulse Oximeter
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CONCLUSION

As a summary of the research that has been conducted, we concluded the development of SpiroLUME devices among
doctors or medical experts is very important in improving the treatment process of respiratory system patients in
Malaysia. Based on the 3 data, the PEF test shows, that the similarity for both data is 77% by comparing the device with
the medical device. Moreover, the heart rate result fluctuates in the range of 61-97 bpm by all patients. For the oxygen
level, the data of SpiroLUME ranges from 95% to the existing device which is above 97% and this is due to the technical
issue of the sensor. By testing the consistency of data readings, especially heart rate (HR), oxygen levels (SpO2), and PEF
measurements, it proves that the SpiroLUME device has great potential to help patients with respiratory problems.
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