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Abstract

Auscultation is a method for diagnosis of especially internal medicine diseases such as cardiac,
pulmonary and cardio-pulmonary by listening the internal sounds from the body parts. It is the
simplest and the most common physical examination in the assessment processes of the clinical
skills. In this study, the lung and heart sounds are recorded synchronously from left and right
sides of posterior and anterior chest wall and back using two digital stethoscopes in Antakya
State Hospital. The chest X-rays and the pulmonary function test variables and spirometric
curves, the St. George respiratory questionnaire (SGRQ-C) are collected as multimedia and
clinical functional analysis variables of the patients. The 4 channels of heart sounds are focused
on aortic, pulmonary, tricuspid and mitral areas. The 12 channels of lung sounds are focused on
upper lung, middle lung, lower lung and costophrenic angle areas of posterior and anterior sides
of the chest. The recordings are validated and labelled by two pulmonologists evaluating the
collected chest x-ray, PFT and auscultation sounds of the subjects. The database consists of 30
healthy subjects and 45 subjects with pulmonary diseases such as asthma, chronic obstructive
pulmonary disease, bronchitis. The novelties of the database are the combination ability between
auscultation sound results, chest X-ray and PFT; synchronously assessment capability of the
lungs sounds; image processing based computerized analysis of the respiratory using chest X-ray
and providing opportunity for improving analysis of both lung sounds and heart sounds on
pulmonary and cardiac diseases.
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Introduction

A computer-assisted medical interface (CMI) is frequently used method in today's technology for
performing clinical procedures, applying various clinical tests to patient, interpreting and
analysing the clinical tests, and transferring detailed and characteristic information in line with
clinicians’ expertise. In addition to its competencies, the development of the CMI has focused on
generation of a large patient cloud by modernizing in order to find patients and to hide laboratory
tests and to easily access the patients’ specific clinical data all over the place. The CMI has great
precautions in terms of the patient's ability to access clinical history, used drugs, X-rays,
Electrocardiography (ECG) and the auscultation sounds such as lung and heart sounds to direct
physicians to control different diseases simultaneously. The CMI provides the integration of
methods that enable a physician and a patient to interact with a machine, such as medical device,
software, or complex device. Nowadays, the usage of the CMI is not limited to physicians; also it
allows communicating with other clinical personnel, diagnosis process with time-efficient,
treatment and monitoring of the diseases using various sensors on mobile devices such as smart
phones, tablets and wearable devices on the local and wide area networks.

While some clinical data can be acquired via elaborated monitoring tools using wearable
devices with sensible sensors, many biomedical signal acquisition and detection areas still require
expert clinical physicians. Significant researches in medical areas should be supported to reduce
the commitment to clinical experts during diagnosis and treatment monitoring processes. The
assessment of auscultation sounds, such as heart sounds and lung sounds, requires characteristic
and complex information accumulation that cannot be patient-self applying. Especially, the cases
such as variety of the auscultation points according to the physical characteristics of the patients
and auscultating the posterior lung sounds prevent the self-recording. The auscultation requires
an expert clinician or patient-specific designed wearable devices.

The medicine budget is the vast majority part in the treatment process of the diseases. In
social innovation studies in the field of health, the treatment methods and studies on the
pharmaceutical industry were conducted between 1980 and 2000; particularly more on vision and
diagnostic systems while disease prevention, wearable health services were researched between
2000 and 2015. Nowadays, a fast and successful path in technology is a fact that many
innovations are supposed to shape innovations for health. In the coming years, solutions for
advanced wearable technologies, telemedicine platforms, mobile health platforms and patient
management will have a large part of the diagnosis, monitoring and treatment stages of the
diseases. The creation of such innovations on diseases has the greatest share in the transfer of
digital data that will be collected about several diseases.

One of the most important factors in the health policy is creating a healthy society,
preventing the diseases, and keeping the disorders under control. According to World Health
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Organization (WHO) reports, there are three of respiratory diseases in the deadliest list (WHO,
2015). Respiratory diseases occur due to environmental factors such as air pollution, hereditary
causes, tobacco use or exposure to smoke, age, sex, race, infections, seasonal factors,
environmental conditions and occupational factors. The most common respiratory disorders are
asthma, bronchitis, chronic obstructive pulmonary disease (COPD), lower respiratory tract
infections, alveolitis, pulmonary fibrosis, pneumonia, asbestosis, chronic bronchitis,
bronchiectasis, laryngitis, anatomical hypothesis, laryngeal disturbances, airway inflammation,
tumour and tracheal narrowing. While some of these diseases only accelerate the end-stage
attacks as a result of seasonal changes, some are genetic disorders that are not treated, but can be
kept under control (Troosters et al., 2005). Considering update on the WHO report in 2015, lower
respiratory tract infection such as bronchitis, pneumonia takes places in the first rows with 3.20
million deaths and the a frequency of 291 million cases and the COPD takes the second position
with 3.19 and a frequency of 174.5 million cases (GBD, 2016) in the respiratory diseases.
Reaching such high levels of the respiratory diseases demonstrates the needs for research,
diagnosis, and early diagnosis and treatment systems on this expert. Although it has ability to
treat lower respiratory tract infections, no cure has been developed yet for the COPD, but with
treatment it’s preventable and manageable. Thus, early detection of the COPD and early stage
control of the disease have a great impact on reducing death incidents due to respiratory diseases.
The COPD is a disturbance that is seen in the people over 35 years old, especially due to the use
of tobacco products, genetic factors or environmental factors. As a consequence of the COPD, the
lungs lose their elasticity, thickening and inflammation in the airway layer, and it results
increasing form of breathing shortness, periodic coughing crises and wheezing (Decramer et al.,
2012). It usually possesses advanced forms of both the asthmatic and bronchitis symptoms
together. Hence, the COPD is not a disease described by a single symptom. It has 5 levels
(COPDO, COPD1, COPD2, COPD3 and COPD4) in the diagnosis processes. Assessment of
clinical symptoms such as various respiratory tests, effort tests, pulmonary function test (PFT),
X-rays, clinical examinations, chest examination, and other symptoms such as vital signs, clinical
tests are crucial in the facilitating diagnosis of respiratory diseases as it is related to the patient's
self-management skills (Troosters et al., 2005). After chest and back auscultation by chest
specialists, there may be a need for questionnaires for assessment of impacts on patient's
condition such as the environment (SGRQ-C), PFT, chest x-ray, tobacco history and different
assays with some special conditions in the definitive diagnosis of the COPD. The respiratory
diseases need to be improved in signal analysis researches to ensure the exact recognition on
quickly, and regardless of the tests assessments.

The remaining of this paper is organized as follows; in materials and methods section,
data acquisition stage, detailed description on clinical data, tests and the auscultation are given.
Besides, a CMI and a multimedia database on the respiratory diseases are evaluated. The
advantages of the database are presented in the result section.

Materials and Methods

The biggest deficiency in the field of respiratory disorders is in the course of data acquisition,
benchmarking and evaluation stages. The diagnosis and detection analysis on the biomedical
signals have many databases such as open-access ECG databases that describe heart conditions,
cardiac abnormalities, specific EEG databases that are evaluated on analysis of neurological
disorder, image databases that demonstrate the dermatological and pattern abnormalities and the
respiratory sounds in commercial use that are based on wheezing and respiratory diseases. This is
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an obstacle for researchers in developing diagnosis and assessment processes of respiratory
diseases and pulmonary based cardiac diseases. Because of the respiratory databases contain a
restricted number of diseases; there are a limited number of studies on respiratory diseases, and
respiratory sounds cannot be analysed for newly deadliest pulmonary diseases using newly
developed and efficient transformation algorithms. In the light of mentioned deficiencies and
limitations on the respiratory databases, it is a necessity that creating new respiratory databases
that are based on the most deadliest diseases the COPD and lower respiratory tract diseases, and
advanced levels of the COPD to ensure signal processing assessments and abnormality
detections. It will be an excellent step for health care, upgrading the medical software with the
ability to analyse the sounds by adding an effective and functional graphical user interface, the
ability to label specific abnormalities parts such as crackle and wheezing on the respiratory
sounds, the detailing of auscultation sounds and imaging reports, the visualization of auscultation
sounds and the regional amplification on respiratory sounds for new database with ease of use. In
this way, the respiratory history of patients supported by all different clinical tests can be
maintained in one database, the course of further diagnostic and monitoring of the disease will be
benefit greatly for clinicians and patients.

People have metabolisms that react differently according to the diseases and treatment
processes. This specifications cause different responses to different treatment methods, different
durations of procedures, conditions and treatments for patients with respiratory disorders. Also
respiratory disease is a medical unit with symptoms that can vary for each patient. The acquired
data in the basis of this information will positively affect the treatment process of the patients and
it will be possible to control some abnormalities without experiencing attacks in early stages.
Especially respiratory diseases in particular cause, the patient experiences severe attacks at
certain stages and during seasonal transitions. The lung auscultation sounds, abnormalities
wheezing and crackles during respiratory attacks, clinical variability, PFT variability, chest X-
rays, and assessments of questionnaires will provide an advantage for clinicians and
pulmonologists in the monitoring, early managing and regimen processes of the patient specific
treatment. These advantages will result in a significant difference in the quality of durational
differences and evaluation on the treatment and diagnosis of the chronic diseases. Such a CMI
system, which can be accessed online, saves time in evaluations made by different
pulmonologists, as well as it reduces national economic savings on medicine, use of diagnostic
tools such as chest X-rays, clinical tests, PFT, and more. The data acquisition system is seen in
Figure 1.



Natural and Engineering Sciences 63

Voluntary Admittance

Diagnosing of Pulmonary Diseases
*SGRQ-C, PFT, Chest X-Ray, Auscultation

/\ /K | /./ g . S \
\
1
RS Ls G ®| .&
4 Lung Auscultation ® 1 o\
*Nose Clip, Coughing |
*Deep Mouth Breathing oL 'n' R4®
® ® |
< {

/

Heart Auscultation
*Bating breath

// h \\
R7, L7
A
il
Sound Synchronizer
Sound An_notation

RespiratoryDatabase @TR

SV Lung Sounds

‘ PFT ’ Heart Sounds
*FVC

Figure 1. Data acquisition system of the RespiratoryDatabase @ TR
Chest X-Ray

X-ray (Radiography) is a diagnostic tool that allows the human body to visualize patterns related
to the structure of internal organs, tissues and bones by applying low amounts of radiation. Chest
X-ray is taken lung-centred position and point’s abnormalities on the lungs, obstructions in the
airways, structure of the thoracic cusps, lungs and heart structure, blood vessels obstruction.
Chest X-ray can also identify obstructions in the lungs, fluid concentration, inflammation (Friis et
al., 1990). The chest X-ray is an easy, fast and effective way for doctors to control the condition
of internal organs (Hederos et al., 2004). The designed CMI has a module which the patients'
chest X-rays can be imported. The advanced toolbars that can adjust and contrast the X-rays have
been added, especially in the labelling of patients in the display of the lungs and heart pattern.
The designed CMI provides clearly displaying the obstructions and constrictions in the airways,
the status of heart vessels such as embolism and fluid accumulation in the chest area using chest
X-rays for diagnosis and managing of the pulmonary and cardiac diseases.

Pulmonary Function Test

A PFT is a simple, economical and useful test to measure the lungs' capacity and functional status
with devices called spirometers. In the PFT, the air volume that the lungs can take is measured by
the air flow rate which is applied to the device during inspiration and then the airflow rate which
is applied to the sensor during the expiration in breathing process. These airflow measurement
rates are frequently used in differential diagnosis, following disease courses, and in the
assessment treatment outcomes (Vaz Fragoso et al., 2010). Air volume entering and exiting the
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lungs is measured during challenging breathing, exercise and at rest; the obtained variability can
be compared with the values obtained from the persons of the same age, sex, and height for
diagnosis of the respiratory capacity.

When the lungs are full, FEV1 (Forced expiratory volume) is the maximum air volume
during the breathing out in the first 1 second. The amount of air volume excreted from the lungs
during forced expiratory maneuvers is called FVC (Forced Vital Capacity). FEV1, FVC, and
FEV1/FVC (Tiffeneau-Pinelli index) values for respiratory disturbances have great importance in
diagnosis, managing, determining the level and assessment processes of the respiratory disease as
clinical data (Salvi & Barnes, 2009; Vaz Fragoso et al., 2010).

Figure 2. Pulmonary Function Test Scenario

The subjects were informed about inspiration and expiration in breathing and blowing
procedure when before PFT. No breathing enhancer bronchodilator medication was used. The
subject was allowed to perform all breathing operations by mouth using a nasal plug during PFT
as seen in Figure 2. The disposable mouthpieces for the PFT device are used for every patient for
preventing infectious diseases and are destroyed after measurements. After the mouthpiece has
been placed in the mouth, attach importance to keep the lips are closed in order to avoid incorrect
measurements. The subjects are asked for force, deep and fast breathing for at least 5 seconds.
The obtained PFT variables and the test outcome are attached and imported to the designed CMI
using the programmed PFT module. The COPD levels and symptoms for each level according to
the results of PFT are described in (Roisin, 2016) and are given in Table 1.

Table 1. The COPD levels and symptoms for each level

Levels Symptoms

COPDO : Under Risk *PFT normal
*Have chronic symptoms (a bad or
persistent cough, sputum)

COPD1 : Mild Level *FEV1/FVC < %70
*FEV1 > %80
*Have/not have chronic symptoms

COPD2 : Moderate Level *FEV1/FVC < %70
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* %50 < FEV1 < %80
* Have/not have chronic symptoms

COPD3: Severe Level * FEV1/FVC < %70
* 9630 < FEV1 < %50
* Have/not have chronic symptoms

COPD4: Very Severe Level *FEV1/FVC < %70
* FEV1 < %30 or FEV1 < %50
* Chronic respiratory failure

Auscultation Scenario

Auscultation is the general name given to the process of listening internal organs with the aid of a
stethoscope. Auscultation is a commonly used diagnostic method for chest, heart, stomach and
intestinal diseases. The most important characteristics of this diagnostic method are cheap,
effective, easy to use and capable of detailed examination. Despite the continuous and rapid
development of technology in chest diseases, the most commonly used and indispensable
diagnostic method is still auscultation. Although there are standardized (CORSA) areas for chest
auscultation (Celli et al., 2004; Sovijéarvi et al., 2000), auscultation can be included if specific
regions of the lung are deemed necessary. The thoracic auscultation areas used during physical
examination include posterior-upper lung (L1-R1), posterior-middle lung (L2-R2), posterior-
lower lung (L3-R3), posterior-costophrenic angle lung (L5-R5), and anterior-lower lung (L6-R6)
for both Left (L) and Right (R) sides of the patients. The chest auscultation areas are
demonstrated in Figure 3a for anterior side (chest wall) and in Figure 3b for posterior side (back).
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Figure 3a. Lung auscultation areas on Figure 3b. Lung auscultation areas on
anterior side posterior side

A consulting room isolated from external sounds, heated to adjust for the body temperature,
well-lit, where the patient could feel comfortable was used during the auscultation procedure. The
subjects were in seated position and auscultation sounds were recorded. The same auscultation
points on left and right chest areas are auscultated synchronously using two digital stethoscopes
by a pulmonologist clinician. The clinicians asked subjects not to speak during the recording for
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preventing non-natural artificial sounds from them. Once the recording is started, the patient is
asked to cough once in the first 5 seconds and then to deeply breathe from mouth until the doctor
has finished auscultation. Cardiac auscultation is performed in four different focuses: aortic (R7),
pulmonic (L7), tricuspid (R8), and mitral (L8) areas. The heart auscultation areas are
demonstrated in Figure 4.

Figure 4. Heart auscultation areas

Breathing during heart auscultation causes to mix of breath sounds with heart sounds and
heart sounds get away because of growing up in the rib cage. Hence, the pulmonologist clinicians
ask from the subject coughing in the first 5 seconds when the recording started for the
synchronization of the left and right side focused sounds and bating his breath to prevent mix-ups
and losses on the auscultation sounds. The maximum peak which is occurred as a result of
coughing in first 5 seconds was used to synchronize the auscultated sounds recorded in parallel
using two digital stethoscopes. Recording was repeated when auscultation recordings did not
meet the mentioned requirements of the scenario. Listening, point-based control, synchronization
of two parallel auscultations and visualization of the lung and heart sounds which are recorded
from the subjects can be performed using the designed CMI.

Digitization of the Auscultation Sounds

In literature, sensor based medical devices such as Piezoelectric microphone (Himeshima et al.,
2012; Homs-Corbera et al., 2004; Matsutake et al.,, 2015; Umeki et al., 2015), electret
microphone (Giiler et al., 2005), LS-60 microphone (Waitman et al., 2000) electronic stethoscope
(Dokur, 2009; Himeshima et al., 2012; Matsutake et al., 2015; Nakamura et al., 2016; Umeki et
al., 2015) have been used while recording the auscultation sounds. It is imperative to use very
sensitive devices to hear very short and hoarse lung and heart sounds such as crackles, wheezes
and murmurs. Two of Littmann 3200 Electronic Stethoscopes were utilized in this study (Figure
5). This device provides an average reduction of 75% (-12dB) without removing the critical noisy
body sounds. The latest technology filtering technology supplies three frequency modes (Bell,
Diaphragm, and Extended) for auscultation of heart, lung and other internal body sounds. The
device can transfer data to the PC in real time via Bluetooth technology or it can save 15
auspicious sounds to internal memory and can transfer bulk records into PC via Bluetooth ®
communication. It acts as a diagnostic assistant, provides more effective use of telemedicine
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applications and increases the opportunity to teach auscultation sounds using the connection with
the computer. It amplifies sounds up to 24x compared with acoustical stethoscopes. Response
frequency intervals are Bell filter (20-200 Hz), Diaphragm filter (100-500 Hz), Extended filter
(20-1000 Hz). The auscultation sound files are recorded with the computer zsa file extension. The
file includes all auscultation parameters, subject information and sounds for each subject. The zsa
files are converted to waveform audio file format (wav) with a sampling frequency of 4000 using
the Littmann API.

e

@ Bluetooth’ Technology

Figure 5. Littmann 3200 Digital Stethoscope

The database of the created CMI has been diversified with lung and heart auscultation
sounds from patients with different stages of the COPD, lower respiratory tract disorders such as
asthma and chronic bronchitis and healthy respiratory from subjects. Voluntary admittance was
evaluated on a voluntary basis form with minimal information. The patients aged 38 to 68 are
selected from different occupational groups, socio-economic status and genders for an
accomplished analysis of the disorders. The subject population comprises of 13 of female and 64
of male. Distribution of diseases by gender is shown in Table 2.

Table 2. Diseases according to gender

Diseases # Records |Gender
M |F
Asthma |6 4 |2
COPDO |5 4 11
COPD1 |5 4 |1
COPD2 |7 7 |-
COPD3 |7 6 |1
COPD4 |17 13 |4
Healthy |30 26 4
Total 77 64 |13
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The most important reason for the COPD is the excessive use of tobacco products for many
years. In the light of this information, the healthy auscultation records have been chosen among
subjects who have never used cigarettes or tobacco products to obtain accurate and reliable data
population. It has been noted that healthy subjects from different occupational and socioeconomic
status have no diagnosed chronic lung history until now. Considering hereditary transmission of
the COPD and asthma, the individuals whose close relative has asthma or the COPD were not
included in the voluntary population.

A total number of 16-channel database is acquired with lung and heart auscultation sounds
recorded from 8 basic foci for right and left sides on each subject. Each recorded sound is
converted into 3 different frequency ranges: Bell, Diaphragm, and Extended filters. As a result,
48 (8x2x3) auscultation sounds were obtained for each subject. Considering the entire database,
auscultation sound module has 3696 (77x48) of auscultated lung and heart sounds labelled for 5
of different respiratory diseases.

Sound Synchronizer

Synchronously recording from 2-channels for the left and right body areas are recorded for the
RespiratoryDatabase@TR. The 2-channel auscultation sounds recording in parallel causes even
at the millisecond level causes deviations. The synchronizer needs a triangulation point to form
the beginning of two and more records. Pulling one or more trig points such as coughing peaks of
two sounds will handle synchronizing the recorded auscultation lung and heart sounds.
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Figure 6. Sounds synchronization Module of the CMI

In this study, the patient was asked to cough in the first 5s before beginning breathing in.
The coughing during the auscultation causes an unexpected excessive increase peaks in the sound
signal. The peak points can be automatically detected in specific regions of the sounds by means
of the designed CMI and marked with the annotation bar. In both left and right records, these
peaks can be marked. When the synchronizer process is applied, The CMI module sets the
marked positions as the beginning of the auscultated lung and heart sounds in interface module as
seen in Figure 6.
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Sound Annotation

The auscultation sounds can show different characteristics during breathing. Abnormal sounds
such as crackle and wheezing sounds can be heard for short periods during both inspiration and
expiration in certain auscultation sounds, they can be heard only in inspiration duration for some
auscultation sounds. These time independent characteristics require regional labelling for the
identic detection of murmur, crackle and wheezing sounds on the auscultation sounds.
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Figure 7. Auscultation Sounds Annotation Module of the CMI

The patient-based labelled auscultation sound region can be selected and can be analysed
and listened on different frequency ranges by using the annotation module. On these recordings,
annotation of adventitious wheezing and crackle sounds can be marked locally. Marked regions
are recorded in the system according to audio-based annotation. The annotated regions can be
listened directly, by eliminating normal respiratory sounds. The annotation module of the CMI is
seen in Figure 7.

Results

Respiratory diseases are chronic and have seasonal reactions that must be constantly monitored
and managed. The RespiratoryDatabase@TR is designed to track the condition of respiratory and
pulmonary-cardiac diseases and to monitor the situation within the period. It features a unique
auscultation and multimedia pulmonary database with the ability to analyse the lungs and the
heart condition of auscultated sounds synchronized from 16 of different channels and a modular
CMI that is easy to use for labelling and analysis on auscultation sounds and chest X-rays.

COPD has no return and treatment in the severe levels, and has an uncomfortable condition
with manageable processes. Because of this, it is important early diagnosis and treatment to stop
disease progression in early levels by keeping under control. The COPD and asthma are features
that require constant control. The previous processes and attacks of the disease on the patient are
very serious effects of treatment process. Because of the RespiratoryDatabase@TR is based on
chronic disorders such as the COPD and asthma, it provides major advantages on allowing
patients to easily compare the stages they have been through with the new processes of the
patients being controlled, determining the extent the treatment processes successfully, and
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providing leading and formative help for different disciplines in the course of deciding the stage
of treatment on respiratory diseases.

The RespiratoryDatabase@TR is a platform that comprises chest X-ray film, PFT
measurements, SGRQ-C questionnaire answers, 16 channels of heart and lung auscultation
sounds, and also a CMI to make ready respiratory multimedia files for computer based analysis
and tracing the patients.

The PFT and chest X-rays are diagnostic tools that are performed according to certain
standards worldwide. Lung auscultation is not a procedure linked to a specific standard in
particular. But, literature has auscultation points that are used for the most clear and definitive
diagnosis of the respiratory diseases. In this project, CORSA standardizations (Sovijarvi et al.,
2000) were preferred for environmental and patient-based conditions such as breathing
maneuvers. Aggregating according to certain standards on recording auscultation sounds and
other multimedia data enables the RespiratoryDatabase@TR to be used and enhanced from all
over the world. Having such a wide variety of multimedia content and a CMI with modular and
effective algorithms provide ease of use has excellent potential and benefits in research and
clinical detection.

Many studies in the literature have the characteristics of diagnosing pulmonary diseases or
detecting abnormal sounds using only heart sounds or only lung sounds. The most important part
of the medical health assessments which are difficult to accept; each patient is unique as naturally
the symptoms are variable and the necessity of investigating as many symptoms as possible
during the physical examination. The RespiratoryDatabase@TR allows chest X-ray, PFT values,
SGQR-C status questioning, lung, and heart sounds to be used together, not just one of them for
computerized-analysing on respiratory diseases. Chronic respiratory distress causes heart diseases
in the following phases for the respiratory patients. The RespiratoryDatabase@TR ensures the
assessment of heart and lung sounds together, and the identification of significant features for
cardio-pulmonary diseases. Analysing possibility of the heart and lung sounds together provides
opportunity on determining the association of chronic respiratory diseases with the heart diseases
and whether diagnosing and assessments on the respiratory disorders such as the COPD and
asthma using only heart auscultation sounds or other multimedia respiratory data. Parallel
analysis of heart sounds and lung sounds from 16-channel and chest X-rays has provided
researching opportunities to reach more meaningful features in the early diagnosis and diagnosis
of cardio-pulmonary, cardiac and pulmonary diseases.

The chest X-rays, PFT variables, SGRQ-C questionnaire, and computerized auscultation
sounds from so many channels allow for detailed examination of the patients and controlling the
inner body over 16 auscultation areas. It has a higher potential for successful diagnosis because it
has the ability to acquire higher quality and analysing capability than analogue auscultation. The
auscultation module of the RespiratoryDatabase@TR has more permanent recording features for
long time assessments and comparison and has the ability to be shared among doctors of different
disciplines. The designed CMI has an easy access to all patient-based respiratory multimedia
data; it can be repeated without any loss and may be duplicated. Digitized auscultation sounds
can be analysed, quantified and visualized using signal processing methods easily during
diagnosis and comparison the current phase with previous phases of the diseases. Computerized
multimedia database features the modelling of new mathematical algorithms in the diagnosis of
various pulmonary, cardiac and cardio-pulmonary diseases and stages of these diseases,
approaches on image processing algorithms, researches on the development of classification
algorithms, the establishment of embedded diagnostic tools and decision support systems.
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Considering that medical image processing is one of the most studied fields in chest X-ray films,
the RespiratoryDatabase@TR has qualities to be frequently referred to the determination of
obstructions and abnormalities on respiratory diseases in chest X-rays, not only as auscultation
sounds. The database and the CMI will be accessible online at www.respiratorydatabase.com.
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