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Abstract

Breathing Rate (BR), measured in cycles per minute (cpm) is an important physiological
parameter which provides valuable diagnostic and prognostic information which is benefited
in predicting lower respiratory tract infections, indication of severity of pneumonia and
associated with mortality in intensive care unit (ICU) patients and is also useful in treatment of
many common disease such as cardiac disorder, asthma, pulmonary diseases and sleep
apnea. Current routine practices for obtaining BR measurement outside critical care involves
manual counting chest movement using spirometers and respiratory effort belt these
practices is time consuming, inaccurate with motion artefacts. For this reason it is necessary to
use accurate automated method to measure BR in ambulatory patients. Many algorithms
have been made in estimating BR from ECG signals but have not yet widely adopted into
clinical practices. ECG Derived Respiration (EDR) is an indirect method and attractive
procedure to extract the respiration from ECG using principal component analysis (PCA), which
is the aim of this thesis. In this thesis, 33 subjects clinical data were used with the mean length
of the signal were 118.18+4.15 mins, 1-minute windowing procedure was used for all the
signals. The correlation coefficient (p) between the extracted EDR and the direct respiration
signals is computed. In relation to the correlation coefficient, the window is classified as
incorrectly estimated (| p| <0.5) and correctly estimated (| p| >0.5).

The number of incorrectly estimated windows is 29+14 [24+12%] for each subject, associated
with a distribution of correlation coefficients equal to 0.37+0.03. On the contrary, the number
of correctly estimated windows is 89+15 [76+12%] for each subject associated with a
distribution of correlation coefficients equal to 0.74+0.02.

In the conclusion, Our PCA-based procedure is a promising method for EDR extraction.
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Introduction

Respiration is an important physiological parameter, which can be modulated by bioelectric
and biomechanical signals like electrocardiography (ECG), impedance plethysmography and
thorax acceleration [1-2]. Respiration signals are usually recorded with spirometry,
pneumography or plethysmography techniques. These techniques require use of unwieldy
devices, which may interfere with the natural breathing and which are unmanageable in
certain applications like ambulatory monitoring, stress testing, and sleep studies.
Nevertheless, respiratory and cardiac system joint study is a great interest in these
applications and the use of different methods for extraction of respiratory information.
Respiratory activity influences electrocardiographic measurements in different ways. During
respiratory cycle, chest movements and changes in thorax impedance distribution due to
filling and emptying of lungs cause a rotation of the electrical axis of the heart which affects to
beat morphology. Effect of the respiration induced heart displacement on ECG was first
studied by Einthoven et al [2] and quantified further detail in [3]. Respiration modulates the
heartrate (HR), itincreases during inspiration and decreases during expiration [4].

Itis possible to extract a surrogate respiratory signal from ECG (Indirect measurement, being
in a cost effective and easy to measure). Respiratory induced amplitude and frequency
modulations of ECG are caused by the combination of three different phenomena’s [5], such
as:

e Respiratory induced modulation of HR leading to the frequency modulation of the
ECG.

e Filling and emptying of air in the lungs (leads to changes in the transthoracic
impedance), which lead to an amplitude modulation of the ECG.

e Mean electrical axis of the cardiac vector changes its direction during respiration,
leading to both an amplitude modulation and frequency modulation of the ECG.

Many algorithms have been published for ECG derived respiration (EDR). Generally these
algorithms can be divided [6] based on beat morphology (single lead methods based on R-
wave amplitude or area of the QRS complex [7, 8], multiple lead methods based on variations
in angle of mean electrical axis [9]), based on heart rate variability [10] and finally based on a
combination of both (beat morphology and heart rate variability) [11]. All of these methods
have their advantages and disadvantages. But among all these methods have not yet widely
adopted into clinical practices [6, 7, 8, 12]. Among these methods, one of the simplest
approaches is single lead of ECG method (typically from lead Il or V4, because these leads are
the most affected by the presence of the air in the lungs). Different methods vary in the pre-
processing of the ECG signal and in the choice of ECG lead or electrode placement.
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In this thesis, the experimental EDR technique by using single lead of ECG method has been
demonstrated, which has been existed already [7, 8]. This method has traditional approach
based on interaction of electrical axis on heart and mechanical thorax movement [13]. The
main aim of this thesis was to investigate Principal Component Analysis (PCA) could detect the

respiration and access the PCA as a tool to extract the respiration signal from a single lead
ECG.
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Chapter 1

Respiratory System

Respiration is an act of breathing. Respiratory system is also known as breathing system. The
respiratory system is made up of the organs, which are involved in breathing. It consists of
nose, pharynx, larynx, trachea, bronchi, and lungs as depicted in Fig. 1.
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Figure 1: Respiratory System

1.1 Anatomy of Respiratory system

In Humans, Respiratory tract is the anatomy of the respiratory system that involved in the
respiration process. The respiratory system can be divided based on airways tract (just for
understanding purpose): the upper respiratory tract and the lower respiratory tract.
1. Upper Respiratory Tract: It includes the external nose, with its nasal cavity, frontal
sinuses, maxillary sinus, larynx, and trachea.
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Nose: It consists of external nose and nasal cavity. External nose is the visible structure
that forms a prominent feature to the face. Most of the external nose is composed of
hyaline cartilage, despite the fact that the bridge of the external nose consists of bone.
The bone and cartilage are covered by connective tissue and skin. The external
opening of the nose is called as Nares (nostrils). The nasal cavity extends fromthe
nares to the choanae (openings into the pharynx). The nasal septum is a partition
dividing the nasal cavity into left and right parts. The hard palate forms the floor of the
nasal cavity (separating the nasal cavity from the oral cavity). Air can flow through the
nasal cavity when the oral cavity is closed or full of food. Three prominent bony ridges
(called conchae) are present on the lateral walls on each side of the nasal cavity. The
conchae increase the surface area of the nasal cavity (It causes air to churn, so that it
can be cleaned, humidified, and warmed). The paranasal sinuses are air filled spaces
within bone, which opens into the nasal cavity and are lined with a mucous
membrane. The nasolacrimal ducts, which carry tears from the eyes, also open into
the nasal cavity. The sensory receptors for the sense of smell are in the superior part of
the nasal cavity.

Pharynx: It is the common passageway for the respiratory and the digestive systems.
Air from the nasal cavity and air, food, and water from the mouth pass through the
pharynx. Inferiorly, the pharynx leads to the rest of the respiratory system through the
opening into the larynx and to the digestive system through the esophagus. The
pharynx can be divided into three regions such as Nasopharynx, Oropharynx, and
Laryngo-pharynx.

- Nasopharynx: It is the superior part of the pharynx. It is located posterior to the
choanae and superior to the soft palate (incomplete muscle and connective tissue
partition separating the nasopharynx from the oropharynx). The uvula is the
posterior extension of the soft palate. The soft palate forms the floor of the
nasopharynx. The nasopharynx is lined with pseudostratified ciliated columnar
epithelium that is continuous with the nasal cavity.

- Oropharynx: It extends from the uvula to the epiglottis. Oral cavity opens into the
oropharynx. Thus, food, drink and air all pass through the oropharynx. The
oropharynx is lined with stratified squamous epithelium, which protects
againstabrasion.

- Laryngopharynx: It passes posterior to the larynx. It extends from the tip of
epiglottis to the esophagus. Food, drink and small amount of air swallowed with
food and drink pass through the laryngopharynx to the esophagus. The
laryngopharynx is lined with stratified squamous epithelium and ciliated columnar
epithelium.

Larynx: It is located in the anterior throat and it is involved in breathing, producing
sound and protecting the trachea against food aspiration. It extends from the base of
the tongue to the trachea. Larynx is passageway for air between pharynx and trachea.
The larynx consists of an outer casing of nine cartilages (connected to one another by
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muscles and ligaments). Three cartilages are unpaired, and six of them are paired
(three cartilages on each side to form three pairs). The largest cartilage is the unpaired
thyroid cartilage (or Adam’s apple) and it is attached superiorly to the hyoid bone. The
most inferior cartilage of the larynx is the unpaired cricoid cartilage (which forms the
base of the larynx on which the other cartilages rest). The thyroid and cricoid
cartilages maintain an open passageway for air movement. The third unpaired
cartilage is the epiglottis (it consists of elastic cartilage rather than hyaline cartilage).
Epiglottis helps to prevent swallowed materials from entering the larynx. As the larynx
elevates during the swallowing, the epiglottis tips posteriorly to cover the opening of
the larynx. The six paired cartilages consist of three cartilages on each side of the
posterior part of the larynx. The top cartilage on each side is the cuneiform cartilage,
the middle cartilage is the corniculate cartilageand the bottom cartilage is the
arytenoid cartilage.

Trachea (or windpipe): Itis a membranous tube attached to the larynx. It consists of
connective tissue and smooth muscle. It reinforced with 16 to 20 C-shaped pieces of
hyaline cartilage [1]. The adult trachea is about 1.4—1.6 centimetre’s (cm) in diameter
and about 10-11 cm long [2]. It begins immediately inferior to the cricoid cartilage
(the most inferior cartilage of the larynx). The trachea projects through the
mediastinum and divides into the right and left primary bronchi at the level of fifth
thoracic vertebra. The C-shaped cartilages form anterior and lateral sides of the
trachea and it protects the trachea and maintains an open passageway for air. The
posterior wall of the trachea has no cartilage and it consists of a ligamentous
membrane and smooth muscle (It can alter the diameter of the trachea. For example,
during coughing, the smooth muscle of the trachea contracts, hence decreasing the
diameter of the trachea). The trachea is lined with pseudo stratified columnar
epithelium (which contains numerous cilia and goblet cells).

Lower Respiratory tract: Itincludes the bronchi, lungs and the alveoli.

Bronchi: The trachea divides into the left and right bronchi. Both bronchi’s connect to
the respective lungs. The left bronchus is more horizontal than the right bronchus, due
to the fact that it is displaced by the heart. Once the foreign objects, that enter the
trachea usually lodge in the right bronchus (because it is wider, shorter and more
vertical than the left bronchus and is more in direct line with the trachea). The main
bronchi extend from the trachea to the lungs. The trachea and main bronchi are lined
with pseudo stratified ciliated columnar epithelium and are supported by C-shaped
pieces of cartilage.

Lungs: Both lungs (left and right) are the principal organs of respiration. The lung is
cone shaped organ, with its base resting on the diaphragm and its apex extending
superiorly to a point about 2.5 centimetres above the clavicle [1]. The right lung has
three lobes (superior, middle and inferior lobes) while the left lung has two lobes
(superior and inferior lobes). These lobes are separated by deep, prominent fissures
on the surface of the lung. Each lobe is divided into bronchopulmonary segments (
separated by connective tissue septa, but these separations are not visible as surface
fissures). There are nine bronchopulmonary segments in the left lung and ten in the
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right lung. The main bronchi branch many times to form the tracheobronchial tree.
Each main bronchus divides into lobar bronchi as they enter their respective lungs.
The lobar bronchi (or secondary bronchi), two in the left lung and three in the right
lung, conduct air to each lobe. The lobar bronchi in turn give rise to segmental bronchi
(ortertiary bronchi), which extend to the bronchopulmonary segments of the lungs.

The bronchi continue to branch many times and finally giving rise to bronchioles. The
bronchioles also subdivide numerous times to give rise to terminal bronchioles. The
terminal bronchioles subdivide into respiratory bronchioles. Each respiratory
bronchiole subdivides to form alveolar ducts. The alveolar ducts are long, branching
hallways with many open doorways. The doorways open into alveoli.

Alveoli: It is the small hollow air sac. The alveolar ducts end as two or three alveolar
sacs, which are chambers connected to two or more alveoli. There are about 300
million alveoli in the lungs. The alveolar ducts and alveoli are composed of simple
squamous epithelium. The gases exchange between the air and blood takes place at
the respiratory membrane of the lungs. The respiratory membrane is formed mainly
by the walls of the alveoli and surrounding capillaries (a lveolar ducts and respiratory
bronchioles also contribute too). The respiratory membrane is very thin to facilitate
the diffusion of gases and it consists of six layers:

0] Thin layer of fluid lining the alveolus

(i) alveolar epithelium (composed of simple squamous epithelium)
(i) Basement membrane of the alveolar epithelium

(iv) Thininterstitial space

(V) Basement membrane of the capillary endothelium

(vi) Capillary endothelium (composed of simple squamous
epithelium)

The elastic fibers surrounding the alveoli sacs allow them to expand during inspiration
and recoil during expiration. The lungs are very elastic. The lungs are capable of
expelling the air (when inflated state) and returning to their original (uninflated state).
Specialized secretory cells within the walls of the alveoli secrete a chemical, called
surfactant that reduces the tendency of alveoli to recoil.

Pleural Cavities: The lungs are connected within the thoracic cavity. In addition, each
lung is surrounded by a separate pleural cavity. Each pleural cavity is lined with a
serous membrane called the pleura. The pleura consist of parietal and visceral part.
The parietal pleura, which lines the walls of the thorax, diaphragm, and mediastinum,
is continuous with the visceral pleura (which covers the surface of the lung). The
pleural cavity, between the parietal and visceral pleurae, is filled with a small volume
of pleural fluid (produced by the pleural membranes). The pleural fluid performs two
functions:
- Itacts as a lubricant, allowing the visceral and parietal pleurae to slide past each
other as the lungs and thorax change shape during respiration
- It helps hold the pleural membranes together. The pleural fluid acts similarly to a
thin film of water between two sheets of glass (the visceral and parietal pleurae);
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the glass sheets can slide over each other easily, but itis difficult to separate them.

Lymphatic Supply: The lungs have two lymphatic supplies. The superficial lymphatic
vessels (are deep to the visceral pleura, they drain lymph from the superficial lung
tissue and the visceral pleura) and the deep lymphatic vessels (follow the bronchi,
they drain lymph from the bronchi and associated connective tissues). There are no
lymphatic vessels are located in the walls of the alveoli. Both the superficial and deep
lymphatic vessels exit the lungs at the main bronchi. Phagocytic cells within the lungs
phagocytize most carbon particles and other debris from inspired air and move them
to the lymphatic vessels.

1.2 Physiology of Respiratory system

The physiology of the respiratory system refers to the flow of air exchanged between the
atmosphere and the alveoli. One complete respiratory cycle involved in one phase of
inspiration and expiration.

Inspiration: The movement of air from the atmosphere to the alveoli refers as inspiration.
During this phase the pressure inside the lungs must be smaller than the atmospheric one, in
order to create a pressure gradient so that the air would flow from atmosphere to the alveoli.
To do so, the lungs volume should increase thanks to skeletal muscles and diaphragm. This
latter one contracts and drops down, while ribs and sternum are pulled upward and toward
the outside thanks to the contraction of the external intercostal muscles [1].

Volume of the thoracic cage increases - Intrapulmonary pressure decreases of 1 mmHg -
Air flows into the lungs down to its pressure gradient — Intrapulmonary pressure = 0 (760
mmHg).

Expiration: The movement of air from the alveoli to the atmosphere refers to the expiration.
During normal breathing, expiration is passive, thus involves mainly the elastic recoil of the
lungs. Internal intercostal muscles and the abdominal muscles are involved during expiration.
This phase occurs once the inspiration has occurred, so that the pressure inside the lungs has
to be higher than the atmospheric one. Thus, the volume of the thoracic cage decreases [1].

Inspiratory muscles relax — Ribs and sternum are depressed as the external intercostal
muscles relax — Thoracic cavity volume decreases and intrapulmonary pressure increases of
1 mmHg - Airflows out of the lungs down its pressure gradient Ventilation.

The lungs move in association with the thorax, since they are not able to expand or contract
on their own. This occurs thanks to the pleural sac, composed by two layers: the visceral
pleura (covers the surface of the lungs) and the parietal pleura (attached to the inner surface
of the thoracic cavity). There is a pleural fluid between these two layers. The cohesive force of
pleural fluid causes the lungs to adhere to the thoracic cage. To be sure the combination of
outward pull exerted by the thoracic cage and the inward one caused by the elastic recoil of
the lungs tends to create a subatmospheric intrapleural pressure of about -757 mmHg

UNIVPM | DII_Masters_Thesis_Biomedical_Engineering_ SUNKARA ASHOK KUMAR



(smaller of 3 mmHg with respect to the intrapulmonary one) [1]. This difference with the
intrapulmonary pressure creates a tiny pressure gradient, causing the lung to adhere the
thoracic cage, also preventing their breakdown due to their natural elastic recoil. Another
compound that reduces the effect of muscle during respiration is the surfactant, produced by
the type Il alveolar cells. It reduces the surface tension of the alveolar fluid, decreasing the
lungs resistance to the stretch. Since the pressure arising from the cohesive force depends on
the radius, surfactant is more concentrated in smaller alveoli, making their surface tension
smaller than the one in larger alveoli. Hence, the function of surfactant is to make
homogeneous the surface tensions among alveoli of different sizes, making easier the smaller
alveolito inflate. The gas exchange and transport mechanism is depicted in the figure 2.
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Figure 2: Gas Exchange and transport

The aim of the gas exchange is to regulate three fundamental physiological variables [1]:

1. Oxygen level: Where arterial oxygen delivery to the cells must be adequate to support
aerobic respiration and ATP production.

2. Carbon dioxide level: Waste product during Krebs's cycle, excretion of CO 2 from the
lungs is important for two reasons: high levels of CO , are a central nervous system
depressant and elevated CO > causes a state of acidosis (low pH).

3. Plasma pH: (maintaining pH homeostasis is critical to prevent denaturation of
proteins. The respiratory system monitors plasma pH and uses changes in ventilation
to alter it).

Starting from the blood in to the veins (rich CO »), it arrives to the alveoli. The alveoli will have

the PO2is 100 mmHg and PCO 2 is 40 mmHg. The veins will have the PO 2is 40 mmHg and PCO >
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is 46 mmHg. As inspiration begins, atmospheric air comes inside (it becomes warmed to body

temperature). The humidified inspired air becomes saturated by water vapor. It exerts a
partial pressure and dilutes the total pressure, with pH20 = 47 mmHg. On the other hand,
Arterial blood will arrive to the cell bodies. The arterial blood will have the PO 2 is 100 mmHg
and PCO2 is 40 mmHg. The cell bodies will have the PO 2 is 40 mmHg and PCO 2 is 46 mmHg.
Thus, oxygen (O2) from the arterial blood is now oxygenating cells. There are three variables
that influence the efficacy of O2exchange are: Alveolar PO 2 (less oxygen available to the blood
- air rarefaction), Perfusion (slow blood perfusion affects gas exchange) and Gas solubility (the

dynamics of gas molecules that dissolve in the plasma is regulated by the Fick’s law). Fick’s law

states that, for a given particle M, its dissolution from a compartment to another through a
permeable membrane is proportional to the pressure gradient ApM by the superficial
extension of the membrane A, the thickness T, and its permeability D (named also diffusion

constant): d[M]/dt=AD. (ApM/T). Fick’s law explains the reason of high pressure gradient for O 2
atalveolar level. Due to the low solubility coefficient of O 2 in water, a strong pressure gradient
drivesin O>with afastincrease of its concentration in blood.

Gas transport entails two physiological pathways [1]: 1) oxygen flow from its dissolution in
plasma in the pulmonary capillary to body cells for oxidative phosphorylation, and 2) CO » flow
from its production in cell metabolism to the alveoli.

1. Oxygen: Itis transported in two ways: 2% remains free in plasma, dissolved units, and
98% bind hemoglobin (Hb). In the Hemoglobin, thanks to the central Fe atom, can
bind up to four molecules of O 2, giving rise to oxyhemoglobin (HbO 2).

Hb+0O25Hb Q

Above reaction is shifted to the right (- ) at alveolar level, when more O , binds to the
Hb. The reaction is shifted to the left () at systemic capillaries level, releasing the O >
previously bound to Hb. With only diffusion, due to low O 2 solubility, an individual
would have only 3 mL O2 per liter of blood, while with hemoglobin one arrives to 200
mL Oz per liter of blood.

2. Carbon Dioxide: It is transported in three ways: 1) 7% is dissolved in blood, 2) 70%
enters the red blood cells (RBC) then it is converted into bicarbonate ions (CO 2+ H20
- H2CGs) and, 3) remaining 23% enters the RBC and bind to Hb, forming HbCO ».
CO2 flows from the cell into the capillary, 7% is dissolved in plasma, while 93% enters
the RBC. About 23% of it binds reversibly to Hb, forming the carbominohemoglobin:
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Hb+CO25Hb Q@

The remaining 70% is transported to the lungs as bicarbonate ions (HCO 3): it provides
an additional mean of CO» transportation from cells to lungs, where bicarbonate acts
as a buffer for metabolic acids, stabilizing their pH:

H20 + CO25 H2C0O3= HCO3 +H+

Where the first reaction is catalyzed by the enzyme carbonic anhydrase, and H 2CQs is
carbonic acid. At this point, HCO 3 diffuses out the RBC, in exchange for Cl -, in a process
known as chloride shift, which serves to maintain the cell osmotic equilibrium. If the
reaction is shifted to the right (- ), it is used to produce more HCO 3" in response to
more CO2 entering the blood from tissue; if shifted to the left (), it means that CO zis

exhaled in the lungs, within the RBC, binding Hb (H++ Hb<= H b F. Buffering of H*is

critical for keeping the reaction moving towards the synthesis of HCO 3".

1.3 Respiration signals

The respiration signals contain the respiratory information. In Humans, The respiratory rate is
measured by manual counting the number of breaths per one minute through counting how
many times the chest rises. Typical respiratory rate for a healthy adult at rest condition is
between 12 to 18 breaths per minute [3]. Respiration is an important physiological parameter
and it has both diagnostic and prognostic value. There are several ways to measure the
respiration which includes the Spirometry, pneumography or plethysmography and fiber
optic breath rate sensor can be used for monitoring patients during a magnetic resonance
imaging scan [4]. These procedures are also called as direct measurement of respiration.

Spirometry is an electronic device with a mouth piece hooked up. It is the most common of
the pulmonary function tests (PFTs). PFTs are noninvasive tests that show how well the lungs
are working. Particularly it can measure lung volume, capacity, rates of flow, and gas
exchange [5]. The lung volumes and capacities are depicted in the Figure 3.

The following measurements can be measure from the PFT.
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Tidal volume (TV): It is the amount of air inhaled or exhaled during the normal
breathing (500 mL).

Inspiratory Reserve volume (IRV): It is the amount of air additional volume over the
TV (3000 mL).

Expiratory Reserve volume (ERV): It is the amount of air forcefully exhaled after the
end of a normal expiration (1100 mL).
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Figure 3: PFTs measures

Residual volume (RV): It is the amount of air left in the lungs after the maximum
exhalation (1200 mL). It cannot be measured directly and equals the amount of air
that cannot be drawn out from the lungs after reaching the expiratory reserve muscle.
Most of this residual volume exists because the lungs are held stretched against the
ribs by the pleural fluid.

Minute volume (MV): This is the total amount of air exhaled per minute.

Functional residual capacity (FRC): This is the amount of air left in lungs after exhaling
normally. In other words, itis the sum of the ERV and RV (2300 mL).

Inspiratory capacity (IC): it is the amount of air that can be inhaled after the end of a
normal expiration. In other words, it is the sum of the tidal volume and inspiratory
reserve volume (3500 mL).
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- Vital capacity (VC): This is the total volume of air that can be exhaled after inhaling as
much as you can. In other words, itis the sum of the IRV, TV and RV ((4600 mL)).

- Total lung capacity: It is the total volume of the lungs when filled with as much air as
possible (5800 mL). In other words, itis the sum ofthe TV, IRV, ERV and RV.

- Forced vital capacity (FVC): This is the amount of air exhaled forcefully and quickly
afterinhaling as much as you can.

- Forced expiratory volume (FEV): This is the amount of air expired during the first,
second, and third seconds of the FVC test.

- Forced expiratory flow (FEF): This is the average rate of flow during the middle half of
the FVC test.

- Peak expiratory flow rate (PEFR): This is the fastest rate that you can force air out of
your lungs.

Normal values for PFTs vary from person to person. The amount of air inhaled and exhaled in
test results are compared to the average for someone of the same age, height, gender.
Results are also compared to any of previous test results. PFTs may require in healthy people
as part of a physical routine, employees who work in certain types of work environments
(such as graphite factories and coal mines) to ensure employee health. Another use of PFTs is
to assess treatment for asthma, emphysema, and other chronic lung problems. PFT is not an
invasive procedure. It is safe and quick for most people. But this procedure may have some
risks (which may include: Dizziness during the tests, Feeling short of breath, Coughing and
Asthma attack brought on by deep inhalation). In some cases, PFT is not recommended for the
patients including: Recent eye surgery (because of increased pressure inside the eyes during
the procedure), recent belly or chest surgery, Chest pain, recent heart attack, or an unstable
heart condition, bulging blood vessel (aneurysm) in the chest / belly / brain and Active
tuberculosis (TB) or respiratory infection. PFT procedure is less accurate for the patients
including the degree of patient cooperation and effort, Use of medicines that open the
airways (bronchodilators), Use of pain medicines, Pregnancy, Stomach bloating that affects
the ability to take deep breaths and Extreme tiredness or other conditions that affect a
person’s ability to do the tests [5].

Plethysmography is the equipment with air tight box that looks like a short, square telephone
booth. It can measure changes in volume within an organ or whole body (usually resulting
from fluctuations in the amount of blood or air it contains). To do the tests, patient can sit or
standinside it [6].

Pneumography is the device for recording the velocity and the force of chest moments during
respiration [7]. There are various types of pneumographic devices are available, which have
different principles of operation.

- Some pneuomgraphs are based on a flexible rubber vessel (equipped with the
sensors) is attached to the chest.
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- Others are based on impedance. In this type of procedure, High frequency (usually
tens to hundreds of kHz), low amplitude current is injected across the chest cavity.
Voltage resulting from the injected current is measured and the resistance is derived
from the Ohm's law (Resistance = Voltage divided by Current). As the lung fills, current
flows less through the chest, so the resistance rise with the increasing lung volume.

However, these techniques require use of unwieldy devices, which may interfere with the
natural breathing and which are unmanageable in certain applications like ambulatory
monitoring, stress testing, and sleep studies [8]. For this reason, an accurate automated
measurement of respiration was necessary for the ambulatory patients. Despite, there are
several ways to extract the estimation of respiration from Electrocardiogram (ECG),
Photoplethysmogram (PPG) and Blood Pressure signals. There are several literatures available
on ECG-Derived Respiration (EDR), PPG-Derived Respiration (PDR), BP-Derived Respiration
(BDR) [8]. This thesis focused on 