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ABSTRAK

Dalam tesis ini, prototaip peranti pengukuran karbon dioksida (CO3) telah direka untuk
mengesan dan memantau pesakit asma. Pada msa kini, capnogram telah diggunakan
dengan secara luas dalam memantau asma serta perkhidmatan perubatan. Walau
bagaimanapun, harga capnogram dalam pasaran amat mahal terutama begi pesakit
kolongan berpendapatan rendah. Untuk menangi masalah tersebut, peranti kos rendah
ini dihasilkan untuk mengesan dan memantau asma. Oleh itu, peranti ini dapa dimiliki
ramai termasuk kolongan pendapatan rendah. Tambahan pula, spirometer dan peak flow
meter terkenal dalam pemantau asma. Malanynya, kedua kedua peranti menpunyai had
masing masing. Spirometer mempunyai prosedur yang complex, pesakit menghadapi
kesukaran dalam melaksanakan kriteria yang ditetapkan serta peranti ini sesuai bagi
pesakit umur 6 dan atas sahaja. Sementara itu, peak flow meter akan menyebabkan dada
pesakit mengalami kesakitan kerana peranti itu memerlukan pesakit menghembus nafas
pada kadar maksimum. Untuk mengatasi batasan-batasan tersebut, eleltronik kit
diprototype bagi mudah digguna serta sesuai bagi semua pesakit walaupuun kecil
daripada umur 6. Elektronik kit ini terdiri daripada MH-Z14A CO; sensor untuk
mengesan kepekatan karbon dioxida yang dihembus dari pengguna, Arduino untuk
menproses data dari sensor tersebut, TFT Display digguna untuk mempamerkan
keputusan manakala Bluetooth modul HC-06 digguna untuk berinteraksi dengan
komputer bagi analisis selanjutnya. Prototaip ini diuji dengan 3 pungguna asma serta
biasa. Hasil kajian menunjuk bahawa pungguna asma mempunyai corak yang berbeza
berbanding dengan pengguna biasa. Kesimpulannnya, peranti ini telah berjaya
membezakan perbezaan antara pengguna biasa seta asma. Oleh itu, peranti ini sesuai
untuk memantau atau mengesan asma.
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ABSTRACT

In this paper, a prototype of a carbon dioxide (CO2) measurement device has designed
to detect and monitor asthma patient. Nowadays, capnogram is widely uses in
monitoring asthma and medical services. However, capnogram is costly and
unaffordable for patient especially those in a low class family. Therefore, this low cost
device is produced to detect and monitor the severity of asthma, this device can be
owned by every class of family. Furthermore, spirometer and peak flow meter is well
known in monitoring asthma. Unfortunately, these two devices have their own
limitations as spirometer has complex procedures as the patient face difficulties on
performing multiple criteria when using it and only suitable for age range above 6 years
old. Meanwhile, flow meter will caused patient to have chest pain as they needed
maximum effort to blow in the device. To overcome these limitations, this prototype
electronic kit is easy to use and suitable for all range of patients. This prototype
electronic kit consists of MH-Z14A CO; sensor to detect the concentration of CO; from
exhaled air from user, Arduino microcontroller to process the data, TFT Display shield
for data presentation and HC-06 Bluetooth module to communicate with PC for further
analysis. This device was tested with 3 asthmatic and 3 normal users. The results
showed that asthmatic user has a different graph pattern compared with normal user.
This device has successfully distinguished the difference between asthmatic and normal
user; therefore it is suitable for asthma monitoring.
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CHAPTER 1

INTRODUCTION
1.1 Introduction

Asthma is a chronic disease involved the airways in the lungs and it causes
difficulty in breathing due to respiratory condition marked by spasms in the bronchi of
the lungs. McPhee et al. (2010) review that asthma exacerbation is a reduction in
expiratory flow which is caused by many asthma triggers and the main triggers which
will lead to the symptoms of respiratory diseases included viral infection, air pollutions,

exercise, cockroach allergen and dust mists.

Asthma, a disease which mainly in full grown adults but as time goes by, this
disease has been rapidly spread in younger children based on Shikalgar et al. (2016).
For the pass decades, countless of research has been carried out to solve this problem.
Chatzimichail et al. (2011) review that it is still remain a challenge for the clinical
doctor to diagnoses in children younger than five years old as they will often
misdiagnoses as having common-cold, bronchiolitis or pneumonia. Namazova-
Baranova et al. (2015) reported that it is exceptionally decisive for remote monitoring
of various parameters not only for infants and preschool children but also school age

patients and adolescents.

So far, asthma still cannot be cure. However, it can be controlled by monitoring
regularly and it can be achieved through using appropriate pharmacological
interventions to reduce the risk. Benjamin Franklin once said:” An ounce of prevention
is worth a pound of cure”. Therefore, a proper diagnosis and monitoring are crucial as
the symptoms are different from patient to patient. In this twenty century, technology
plays a curial role in helping asthmatic to manage their symptoms. For example, based

on Seto et al. (2009) review that home telemonitoring is an alternative approach to



asthma management. Home telemonitoring are monitoring an asthmatic by having

clinical and physiologic data transmitted to healthcare provided.

At present, the method commonly used for monitoring and control this disease
is using peak flow meter and spirometer. These devices are very useful in monitoring
asthma; unfortunately, they have their limitations. Based on Zuleika et al. (2014)
reviews that when patient using peak flow meter, they needed maximum effort to blow
in the device and as a result it will cause chest pain. Also, spirometer suitable age range
is above six years old, so for those below six years old are difficult to fulfill the end-
test-result as they face difficulties on performing multiple criteria to meet the

requirement set by the spirometer based on Richards et al. (2006) research.

A new method is introduced to monitor the severity of asthma without harming
the patients and suitable for all range of patients. Non-invasive continuous analysis of
the concentration of carbon dioxide in respiratory cycle is called capnography. This
new method uses infrared technology to determine the concentration of the CO,. Based
on the capnogram, asthmatic patient and normal patient can be easily differentiated.

Figure below shows a comparison between normal and abnormal capnogram.

Pressure of Exgirad CO, (mm Hg)
a0 B X
30 0
70
104
S 5 \S
0 P T :
Mormal Asthina

Figure 1.1 Capnogram between normal subject and Asthma subject
Source: Yaron et al (1996)

In this project, a new portable electronic kit is designed to monitor and detect
asthma. The main component in this electronic kit included low cost MH-Z14A CO2
sensor, Arduino microcontroller, TFT LCD shield and HC-06 Bluetooth Module. The
purpose of MH-Z14A CO2 sensor is to detect the concentration of the exhaled CO2 by



the subject. Then, the information or data from this sensor will be transfer to Arduino
microcontroller. Then, Arduino microcontroller will receive and process the data before
sending them to data-presentation element, TFT LCD shield. Data from CO2 sensor
will be display on TFT LCD shield. In order to display the data more clearly for the
user, data will also sent to PC using HC-06 Bluetooth Module.

1.2 Problem Statement

As the developed country increases, asthma morbidity and mortality increases
too. Our country, Malaysia is rapidly becoming industrialized, is probably similarly
saddled, especially with increased morbidity. Unfortunately, asthma patient
management on asthma is still poor as they believed if they took quick-relief
medication three times a week, their condition was well controlled. Honestly, their
thinking is totally wrong because asthma have to be managed and controlled. Therefore,
this portable electronic kit is developed to detect and control this disease. By having
this device, patient can always monitor this disease. This portable electronic kit is small
and portable, so it is easy to carry and move from place to place. Next, this portable
electronic kit is also easy to operate and it does not need to follow any difficult

procedures. Thus, it is easy to work by anyone at anywhere.

Secondly, this portable electronic kit has overcome some limitation of the
asthma devices such as spirometer and peak flow meter. By comparing with spirometer,
this electronic kit comprised any age range of patients instead of suitable for only age
range six years old and above. Likewise, this device needs not to blow in with
maximum effort which cost chest pain at the end by comparing to the peak flow meter.
The main reason is that this device used MH-Z14A CO. sensor for exhaled of
concentration CO; detection, which is suitable for every patient either below six years

old or above six years old.

Last but not least, capnogram are used in this portable electronic kit to detect
and monitor the severity of asthma. Unfortunately, capnogram in market are costly and
it is not unaffordable for patients. To overcome this problem, this portable electronic kit
used low cost CO2 sensor to produce a continuous monitoring based on the CO»

concentration of the patient which is same concept as the capnogram that can found in



market. Furthermore, to lower the cost for this electronic kit, electric component and

material which used to build this electronic kit are low in cost but yet good in quality.
1.3  Objectives
The goals for this project are as follow:

i To develop an electronic kit which is capable to detect and monitor asthma.

ii. To develop low-cost electronic kit which affordable for every class of asthma
patient.

ili.  To build an electronic kit which is suitable for every range of asthmatic patient.

iv. To test and analyse the result obtained from the device.

1.4  Significant Of Project

The project is important by develop an electronic kit which is suitable for every
range of asthmatic patient to detect and monitor asthma. Asthma is a disease which

cannot be cure but through monitoring, it will reduce the risk of asthma attack.

This electronic kit is developed using low-cost materials and sensor thus it will
reduce the cost and affordable for everyone. Thus, everyone can monitor in house

instead of paying expensive hospital bill to check on their condition.
1.5  Project Scope

First of all, the age range for this project result will be set and it will be focusing
on subject age range within 20-24 years old instead subject of all range of age. On top
of everything, only University Malaysia Pahang (UMP) student will be tested instead of
citizen from Kuala Pahang.

Furthermore, the graph produced from the data of CO> sensor will be slightly
difference from the capnogram as capnogram is plotted with unit of millimeter of
mercury (mmHg) versus time whereas the graph for this project will be in unit of parts

per million (ppm) versus time.

Next, this project is limited in low cost sensor and data presentation element

thus the result expected might be different from the device available in market



CHAPTER 2

LITERATURE REVIEW
2.1 Introduction

In this chapter, journals were study in order to come out the best way in
producing an electronic kit to detect asthma. To develop this electronic kit, a few
elements are required included transducer, signal conditioning, and data-presentation
element. First, sensor and transducer are crucial to build this project. Based on
Harikrishnan et al. (2013) sensor is a transducer that converts a physical, biological, or
chemical parameter into an electrical signal. When the electric signal is converted, then
it will be processed by signal conditioning element. Signal conditioning will process the
output of transducer in a suitable form. Signal conditioning element included amplifier

and comparator.

Lastly, the electric signal will then process by the data-presentation element to
display the data in a quantitative form for the user. Thus, in this chapter review will be
focus on these elements. Nowadays, capnography has been used as a new method for
detecting asthma. Monitoring the concentration of partial pressure or concentration of
COs is called capnography. Meanwhile, capnogram is the continuous plots of the level
of exhaled CO, over time. Capnometers were used experimentally measure exhaled
CO; during anesthesia during the 1950s. But then, Smallhout (1975) reviews that

capnometry is widely used mainly in the anesthetic practice in the early 1980’s.

Today, capnogram is widely used during anesthesia in monitoring metabolic and
respiratory functions. So some literature have been analyzed and studied by using

capnogram to detect and monitor the condition of the asthma patient

As mention earlier, capnogram is the continuous plots of the level of exhaled
CO; against time. Thus, a CO2 sensor will be used to measure the concentration
exhaled CO; from asthma and non-asthma person. Then, the reading will be used to plot

the time graph to have an overview on the condition of them.



2.2  Asthma Detection & Monitoring Tools
2.2.1 Spirometer

Here and now, Spirometer is widely used in clinic or hospital. One of the main
purposes of spirometer is to monitor or diagnose severe asthma. Whereas, spirometry is
a common pulmonary function test which measures the lung function by using
spirometer. Richards J A et al. (2006) indicates that air flow and volume are measure by
spirometry as a function of time and volume against time are graphically expressed by
using the value obtained.

Unfortunately, spirometer has its own limitations too. Based on Dundas et al.
(2006), the spirometer is suitable for patient range six years old or above. Spirometer
needs a high cooperation requirement. So, patient who has a range from six years old
and below is hard to carry out test as they might have difficulties to understand the
instruction during the test. Moreover, patients who are unconscious or heavily sedated

are not suitable for this test.

Meanwhile, Richards et al. (2006) states that the test result from the spirometer
evaluated for abnormalities against predicted values of age, height, and gender. At the

same time, the test requires a lot of criteria before the test are acceptable.



;f'At least 3 acceptable tests
|  Full inhalation before start of test
« Satisfactory start of exhalation
- Evidence of maximal effort
= No hesitation
+ No cough or glottal closure during the first second
« Satisfactory duration of test
- Atleast 6 seconds
- Up to 15 seconds in patients with airflow obstruction
No evidence of leak
No evidence of obstruction of the mouthpiece

Reproducible results
¢ For FVC and FEV,, the two largest values should be within five percent (5%)
or 0.1 liter (whichever is larger) of each other
- Ifthese criteria are not met, continue testing
- Ifthese criteria are not met after 8 trials, stop testing and proceed with the
interpretation, using the three best acceptable tests.

- Selection of test values for interpretation

-« Select from tests of acceptable quality

» Select the largest values for FVC and FEV1, regardless of the test used

« Forindexes of average or instantaneous flow, use values from the test with
the largest value for FVC and FEV, combined

\Repﬁnted with permission from the publisher’

Figure 2.1 Acceptability and reproducibility criteria
Source: Richards et al (2006)

2.2.2 Flow Peak Meter

Adeniyi et al. (2011) introduced that peak flow meter is a small hand-held
device. This device purposes to measure the maximum ability of the patient to exhale

and recorded as peak expiratory flow (PEF).

Peak flow meter has its own advantage and also disadvantages. A Tan et al.
(2010) review that peak flow meter is very depending on their patients. Maximum
efforts are needed by the patients to blow into the device. Before the actual condition of

the patient is recorded, practices are much needed.

On top of everything, the result from the peak flow meter sometimes is not

reproducible over a long period of time based on the review from Adeniyi et al. (2011).



The reading values may be obtained be inter-model variation. As a result, it will

increase the discomfort of patient who having breath difficulties in asthma attack.

2.2.3 Capnograhy

Capnography is a new method in monitoring asthma and based on Dr. Mello et
al. (2002) state that capnography is a machine which generates waveform and the
waveform generated are called capnogram. Next, Tan et al. (2010) review that
capnography is a non-invasive continuous analysis of the concentration of CO2 in the
respiratory cycle. D. Bridgeman et al. (2010) reported in order for patient to exhale a
maximum of amount air, capnography can be monitoring through the CO2 waveforms
through a relax breathing.

sa SRA=82/S1 AR=A1AZ SD1-2-3

Figure 2.2  Capnogram
Source: Bridgeman (2010)

Based on Figure 2.2, Bridgeman et al. (2010) review that patient between
asthmatic and non-asthmatic can be categorized based on the capnogram index. For the
non-asthmatic patient, the capnogram they produce will be the square wave pattern
whereas for an asthmatic patient, they will produce a shark-fin wave pattern. Although
this device is convenient and easy to operate, unfortunately, it is bulky and expensive.

Thus, it is unaffordable for most of the user.
23 Sensor and Method Consideration for Electric Kit
2.3.1 Sensor Comparisons

According to the work of Marani et al. (2010), the proposed device prevents
damages caused by mechanical ventilation which can induce serious damage due to the

natural pulmonary elastance. This device able to detect and analyze the widest number



of data for the monitoring respiratory system by using a new pressure sensor- based
electronic medical device. By recording and evaluation of lung sounds, monitoring and

analysis of respiratory health can be done.

Yu et al. (2013) develop a wheeze detection system for use in home. The
respiratory sounds of asthmatic children in the emergency room can be collected and
identified by using this system. In this article, soft stethoscope sensor was used. Soft
stethoscope is acted as sound collector. Stethoscope is replaced by a soft chamber made
of polymer to intensify the respiratory sound. This soft stethoscope replaced the
traditional stethoscope as a traditional stethoscope is too large and rigid to use. This soft
stethoscope can be easily used on young children and the effectiveness does not effect

by loud noise.

Zuleika et al. (2014) present a preliminary design using CO2 sensor named MG-
811 with capnogram. This design has a low cost and portable. In this study, this design
is suitable for all range of patient including children which is below 6 years old and it

avoid all type of complicated test which cause chest pain.

Kaushal et al. (2015) proposed a technique using metal oxide semiconductors
(MOS) gas sensors for analysis exhaled breath. MOS sensor basically made up from tin
oxide doped with zinc oxide which is sensitive to exhaled breath. This technique
eliminates the disadvantages of other technique by its low cost and easy operation
features. This is because when metal oxide crystals like SnO; exhibit sensitivity towards
oxidizing and reducing gases by a variation of their electrical properties when they are

heated at a certain high temperature.

Liu et al. (2015) proposed a system which used a ultrasonic transducer sensor to
extract respiratory signals from an ultrasonic videos. In this system, it overcomes the

limitation of implementing ultrasound images of diaphragm movement.

Gatthy et al. (2015) designed a miniaturized electrochemical nitiric oxide (NO)
sensor with a detection limit and sensitivity that is potentially detecting asthma which
can overcome the limit of the chemoresistive metal oxide such as SNO; which has the
detecting limit in the range of few ppm. For this sensor, it is suitable to detect asthma
because it has a detection limit and sensitivity to changes in relative humidity, response

time, flow sensitivity and stability.



Author Title of Paper Sensor Contribution
Marani et al. A new pressure sensor- | Pressure Sensor | Prevents damages
(2010) based Electric Medical caused by mechanical
Device for The Analysis ventilation which can
of Lung Sounds induce serious
damage due to the
natural pulmonary
elastance.
Yuetal. Soft Stethoscope for Soft Stethoscope | Can be easily used on
(2013) detecting asthma wheeze young children. The
in young children effectiveness does not
effect by loud noise.
Zuleika et al. Designing a Respiratory | Carbon Dioxide | Suitable for all range
(2014) CO2 Measurement for MG-811) patient including
Home Monitoring of children below 6
Asthma years old. Avoid all
type of complicated
test which cause chest
pain.
Kaushal et al. Pellet Sonsor Based Metal Oxide Sensitive to exhaled
(2015) Asthma Detection Semiconductor | breath. Eliminates the
System using Exhaled (MOS) disadvantages of
Breath Analysis other technique by its
low cost and easy
operation features.
Liu et al. Asthma Pattern Ultrasonic Overcome the
(2015) Identification via Transducer limitation of
Continuous Diaphragm implementing the
Motion Monitoring ultrasound images of
diaphragm
movement.
Gatthy et al. An amperometric nitric | Amperometric Has a detecting limit
(2015) oxide sensor with fast Nitiric Oxide and sensitivity to

response and ppb-level
concentration detection
relevant to asthma
monitoring.

changes in relative
humidity, response
time, flow sensitivity
and stability.

2.3.2 Method Review

According to Marani et al. (2010), the device proposed is a sensor-based

electronic medical device. It able to monitor the respiratory system by detects and

analyzes the widest number of data. This sensor is an analog device. So the data from

the sensor will be sent to Analog-Digital convertor to convert into digital form so that it

can be processed by the microcontroller. Microcontroller which used in this project is

10




the ADuC812 microcontroller. Meanwhile Universal asynchronous receiver/transmitter

(UART) is used to communicate with the PC to display data.
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Figure 2.3  Block diagram of ADuC812 microcontroller
Source: Marani et al. (2010)

Based on Yu et al. (2013) project, a wheeze detection system by using small and
soft stethoscope was developed. The main purpose of this sensor was used to collect
respiratory sound. Meanwhile, wheeze detection algorithm named Adaptive Respiratory
Spectrum Correlation Coefficient (RSACC) are developed to process the data from the
sensor. The advantages of this algorithm are high sensitivity/specificity and a low
computational requirement. To test this sensor and algorithm, fifty-nine sound files
from eight young children which range from one to seven years old are collected in an
emergency room and analyzed. As a result, this small soft stethoscope can be easily
used on children as the system proved 88% sensitivity and 94% specificity in wheeze

detection.

In Zuileika et al. (2014) design, a CO> measurement device is used for
monitoring application. In this project, MG-811 CO; sensor is used to measure the
pressure of exhaled CO: in parts per million (ppm) units. However, the output of the
sensor is low so signal conditioning and comparator is used to amplifier the output
before sending to microcontroller. In this project, Arduino microcontroller is used for
Analog-Digital Convertor application and data analysis. In order to communicate with

PC and display the data, Universal Serial Bus (USB) port is used to connect to PC.
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Meanwhile, Matlab software is used as a real-time plotter to display the CO>

measurement against time.

‘ Micrecontrolier Cirzuit

,
|
Y EFRE lpuu
g

e | e

: ——
\nitagr Fegulator o~ K ‘ |-
I s = a2 T
53 as -
| L v
i ' oa -

FFFEFETT]

1 35 TITATTTINS

FFTFT

L
1}
l
|
A=
L}

Figure 2.4  Overall electric circuit for the develop hardware
Source: Zuileika et al. (2014)

In Kaushal et al. (2015) review, pellet sensor is used for exhaled based analysis.
This sensor is built up using MOS and it has a low cost and easy to operate. In this
project, two subjects are used for the analysis. One of them is asthmatic patient and one
is not. To make sure the patient is asthmatic; spirometer is used to test the patient and
the result is recorded. Then, the analysis from the pellet sensor is used to compare with
the result from the spirometer. The pellet analysis graph is drawn according to
resistance (ohm) against time. To differentiate the patient from asthmatic and non-
asthmatic, the analysis graph from the pellet sensor has lower amplitude of resistance

for asthmatic patient compared to normal patient.

Based on Liu et al. (2015) paper, ultrasonic imaging sensor is used for this
work. This sensor is to locate the location of the liver and diaphragm. Next, by using
USB port, the information is transfer to the computer for analysis. The information
included the respiratory signal from the movement of the diaphragm in the image
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sequence. Then, 1-D time-series signal is computed the original 1-D waveform included
respiratory signal and many noises such as cardiac signal. Thus, a low-pass filter is used
to filter the unwanted noise. After that, the 1-D time series signal is compared with
normal breath, fast breath, apnoea and coughing; lastly the data is display on a Matlab
Graphical User Interface (GUI).

Ultrasound Region of Interest 2D Image Sequence Heart Beat Respiration Pattern
Imaging sensor Identification to 1D Time Series Removal Recognition For 3
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Figure 2.5  Overview of the Ultrasonicgraphy processing procedure
Source: Liu et al. (2015)

For Gatthy et al. (2015) review, MEMS based NO is used to detect asthma.
Based on this review, asthma is detected by the sensitivity of the sensor and graphs are
plot accordingly to the sensitivity against the changes of humidity, response time, flow
sensitivity and stability. The data from the sensor are used in LabView to plot those
graphs. From the results, the sensor is suitable to detect asthma as it is relatively fast

response and high sensitivity to carbon oxide (CO) and ammonia (NH3)
2.4  Signal Transmitter

A signal transmitter is an electronic device which is capable of generates
electromagnetic wave carrying information and signal which lastly receive by a
receiver. According to Buechley et al. (2006), in order to let the device kit
communicate with another device, Infrared (IR) transceiver is installed inside the device
kit. After receiving the data from IR transceiver, data will be processed by PC or
smartphone and then displayed.

Next, based on Bjelica et al. (2010) User Awareness Kit (UAK) project, UART
serial communication device is used to interface with the binary intra-processor
protocol. In order to facilitate the device, a library in C code is written for integration to

the target device. Next, the data receive will be process by Sky TV or GUL
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Based on Ramli et al. (2016) project, Bluetooth module HC-06 has been used as
a signal transmitter device and Android platform are built as a receiver to receive and

collect the information which sent out from the device. Android platform will process

the data, and then GUI will display the data to the user.

Author Title of Paper Signal Transmitter Data Processing
Buechley et al. | Multi-purpose user Infrared (IR) sensor Received and process by
(2006) awareness kit for devices such as PC or

consumer electronic smart phone.
devices
Bjelica et al. A Construction Kit for UART User Awareness Kit
(2010) Electronic Textiles Communication interface binary intra-
Device processor protocol and
data are present by Sky
TV application GUL
Ramli et al. Development of Bluetooth Module Received and process by
(2016) Heartbeat Detection Kit Android platform
for Biometric developed. Data will be

Authentication System

present on android
application GUI.

2.5 Data Processing
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