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DEVELOPMENT OF AN INTELLIGENT HEALTH DIAGNOSIS SYSTEM BASED ON
COUGH ANALYSIS

The goal of this work is to develop a system that can diagnose and identify patients using Al and
machine learning. Shortness of breath and cough are among the most common, urgent, and life-
threatening conditions in emergency departments. Cough holds critical information about many
respiratory diseases and is a symptom of more than twenty different conditions. The hidden features
within a cough can also be used for early disease detection by leveraging trained Al algorithms that
analyze cough acoustic data. Approximately half of adults experiencing shortness of breath suffer from
acute heart failure (AHF), exacerbation of chronic obstructive pulmonary disease (COPD), or
pneumonia. These conditions are often misdiagnosed and, as a result, poorly treated in emergency care.
Our goal is to develop Al-based diagnostic decision support with interpretable and individualized
features, utilizing data collected from across the region.

Keywords: cough, artificial intelligence, shortness of breath, diagnosis, Covid-19, diagnosis setting,
analysis, Al in medicine, machine learning.

I Introduction

This topic became relevant during the Covid-19 pandemic. Cough or shortness of breath can occur
not only in elderly people but also in patients over 18 years old. From July 1, 2017, to December 31,
2019, among 10,315 emergency department visits due to shortness of breath, the most common
diagnoses were AHF (15.5%), COPD (14.0%), and pneumonia (13.3%) [1]. Patients with shortness of
breath have a higher short-term mortality rate than most other emergency patients. Early and correct
diagnosis and treatment are crucial. The most common diagnoses include acute heart failure (AHF),
COPD exacerbation, and pneumonia, with approximately half of adults with shortness of breath being
diagnosed with pneumonia or AHF [1] Types of cough[Fig 1].
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Distribution of Cough Types

Chronic Cough
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10.0%

15.0% Whooping Cough

30.0%
Dry Cough

Wet Cough

Types of cough[Fig 1].

Cough is associated with more than 25 respiratory syndromes and their underlying conditions.
Various coughs, due to different pathological changes, are expressed with distinct hidden manifestations
[3]. These features, with discriminative characteristics, can be extracted using appropriate signal
processing and statistical transformation of cough sounds, and utilized to train complex Al systems.

Despite the end of the COVID-19 pandemic and the progress made in vaccination efforts, the global
impact of the virus still poses significant challenges in waste management, mortality, and disease burden
[2]. The effectiveness of using Al to save resources and time cannot be overstated. Data collection for
training and performance metrics, including accuracy, sensitivity, specificity, and other relevant
indicators, have been calculated to assess the predictive capabilities of the models. Confidence intervals
for performance metrics were calculated to account for uncertainty [2]. The use of machine learning for
diagnosing infectious diseases offers a non-invasive alternative to invasive diagnostic methods,
potentially reducing patient discomfort and risks associated with healthcare provision. This approach
allows people to self-test for infectious diseases [2]. Neural networks have demonstrated remarkable
performance in accurately identifying COVID-19 cases [2]. High accuracy, speed, and resource savings
provide significant potential for further development of medical diagnostic software and Al-assisted
disease detection. Artificial intelligence (Al) can play a crucial role in making healthcare more cost-
effective, personalized, precise, and proactive [3].

The use of machine learning for diagnosing infectious diseases offers an alternative to traditional
diagnostic methods, potentially reducing patient discomfort and risks associated with healthcare. This
approach enables people to test themselves for infectious diseases, including COVID-19 [2] Fig. 4:
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Cough types and the associated diseases[Fig 2. Cough types and the associated diseases].
Cough Types and Associated Diseases

COPD, GERD, tuberculosis

Chronic Cough

Barking Cough

Pertussis (Whooping Cough)

Whooping Cough

Associated Diseases

Wet Cough stic fibrosis

Dry Cough Asthma, allergies, viral infections, flu

0 1 2 3 4 5
Cough Types
Fig 2. Cough types and the associated diseases

The approach to analyzing cough sounds for diagnosing COVID-19 has mainly been demonstrated
in Al-based algorithms running directly on portable devices such as smartphones and smartwatches,
allowing free lung disease screening at home. However, most of these studies focus on detecting or
diagnosing various lung diseases (e.g., lung nodules, tuberculosis, and interstitial lung diseases) via chest
X-ray using Al [3]. Data-driven Al medical systems have shown excellent potential to become strong
candidates for designing, optimizing, and adapting modern disease detection and diagnosis methods.
These algorithms lead to a new paradigm with the capability to improve healthcare and treatment based
on patient-specific characteristics [3]. It is worth noting that the psychological behavior of the same
patient may vary under different conditions, while a cough, such as trying to suppress a cough in a
crowded  environment, may result in a  different cough  sound  volume.

I Methods and Implements

There are various methods to implement this program, but one of the most important aspects is that
developing accurate and reliable cough detection/diagnosis models requires collecting representative
and relevant data. The data collection phase is the first and crucial step in developing an Al classifier.
This section provides details about the data collection devices, patient characteristics that contribute to
dataset creation, and individual applications/websites developed to gather cough data [3]. To capture the
long-term dynamics of cough sound signals, temporal features such as zero-crossing rate, signal energy,
and maximum amplitude can also be used for model training. In [1], the authors quantitatively assessed
noise in events containing cough features by calculating noise characteristics, such as spectral flatness.
The study [1] also utilized the CatBoost method based on Al. For the CatBoost model, the MissForest
algorithm was used, which iteratively builds models for random imputation of missing entries in input
features. In CatBoost, there were no missing data in variables except for 2.1% missing values. For
CareNet, raw data was fed to the missing entries, allowing the model to autonomously infer the missing
values during training. In [2], the AUROC method was used, and the Al was trained on test set methods.
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Performance indicators, including accuracy, sensitivity, specificity, and other relevant metrics, were
calculated to evaluate the predictive capabilities of the models. The results demonstrated promising
outcomes: AUROC of 92% and high overall sensitivity and specificity scores.

The Al system in [4] for diagnosing COVID-19 selected Koswara as the data source of statistically
significant dataset sizes based on a security passport. Incoming records were filtered, cleaned, and then
passed through a cough detector. The modeling determined the start and end in the file, standardizing it
for classification models. The information was then converted into tensor form using Mel-frequency
cepstral coefficients, finely-scaled spectrograms for extracting feature analysis. Analysis is performed
separately, and features are extracted. The process also employs machine learning algorithms to detect
COVID-19 by phonetic sounds, a feature specific to the analysis(fig 3) Al-based cough detection.

PREPROCESSING

"\  FEATURE
/ ENGINEERING\

DATA

COLLECTION DATASET
SPLITTING

l

MODEL
/ DEVELOPMENT

Sy

APPLICATIONS

EVALUATION
METRICS

Fig 3.Al-based cough detection

In anticipation of clinical trials, [4] achieved positive percentage agreement of over 0.90 and
negative percentage agreement of over 0.85 during bench testing.

To ensure diagnostic accuracy and decision-making, the MEL scale [5], which is a psychophysical
unit of pitch, is used, primarily applied in musical acoustics. The name comes from the word "melody."
The MEL feature extraction method was expected to enhance the accuracy of the automatic recognition
system and reduce object variance.

Based on the data obtained, to select informative features and reduce model complexity and
overfitting risk while making the method practical and more efficient, two feature selection algorithms
were employed: Random Frog [5]. In the study [5], 335 samples of patient cough and 335 samples of
healthy cough were taken, totaling 670 samples. The classification process split the dataset into a training
dataset and a test dataset. The training dataset contained 266 samples of cough and 266 samples of
healthy cough. The test dataset included 69 samples of cough and 69 samples without cough. All cough
samples in the test dataset represent recordings of stationary coughs collected from hospitalized patients
with respiratory diseases.

In [6], a dataset was used for diagnosing pneumonia, primarily in children. A preprocessing
procedure for the original dataset was conducted to ensure maximum prediction efficiency of the models.
After classification tasks, a three-class matrix was used. In the experiments [6] for prediction assessment,
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the method [6] outperformed other machine learning models in terms of all three classes (i.e., non-
infected, mild infection, severe infection). It achieved the highest accuracy of 93.7%.

In the study [7], Al was used for diagnosing COVID-19 in patients in China. In [7], 19 factors were
identified to determine COVID-19. The decision tree method was used in [7]. The results showed that
the algorithm performed best in each evaluation, with an accuracy of 0.99, precision of 0.97, and
sensitivity of 1.0, respectively. Thus, the model built by the decision tree algorithm proved to be the

optimal tool for predicting COVID-19( fig. 4).
CLOUD COMPUTING
SERVICE DEPLOYMENTS KEY
MODELS MODELS FEATURES
iA;lS PALS SA.lRS PL.IElLIC PRIVLTE HYBlRID SCALABILITY  ACCESSBILITY

CLOUD CLOoUD CLOUD

SECIRUTY

CONSEDARATIONS APPLICATIONS
DATA ENCRYPTION COMPLIANCE DATA STORAGE MACHINE
ACCESS CONTROL LEARNING

BIG DATA ANALYTICS

Fig 4. Cloud computing for the proposed framework

The implementation of this intelligent system is based on data collection and Al training. In the
study [1], the CareNET and CatBoost methods were used, as well as tree-based methods [7] and
algorithms. One of the suitable programming languages for implementation is Python, along with
frameworks such as NumPy and pandas, as these tools facilitate working with large datasets. There is
also the possibility of using a smartphone as a sensor [8], where the camera, microphone, and fingerprint
sensor serve as a temperature sensor (Figure 5).
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Covid Demo

Figure 5. Example of a smartphone application

Methods based solely on cough sound analysis [9] have been developed. These machine learning
methods achieved 86% accuracy in disease identification. Machine learning holds great potential for
precise and rapid detection of various medical conditions, including the COVID-19 pandemic, through
the use of computed tomography (CT), chest X-rays, and the characteristic sound of a cough. Notably,
cough information has previously been applied in the diagnosis and prognosis of various diseases,
including lung cancer, bronchitis, pneumonia, and asthma [9].

Conclusion

By applying the methods from the articles referenced in this work, it can be concluded that Al and
machine learning can and should be utilized not only in the field of software development but also
effectively applied in various areas of life, one of which is healthcare. This article presented methods
and implementations of a patient diagnosis system based on Al and machine learning. All data used were
taken from open sources.

In my work, I will primarily rely on source. For the implementation, I will use the Python
programming language and its frameworks, such as pandas and numpy. Training data for the algorithms
will be sourced from publicly available free resources. The use of machine learning for diagnosing
infectious diseases provides an alternative to traditional diagnostic methods, potentially reducing patient
discomfort and risks associated with medical care. This approach allows people to test themselves for
infectious diseases.

Several algorithms were utilized for the implementation:

e CareNET

o CatBOOST

e MEL scale

o AUROC
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EXPLAINABLE ARTIFICIAL INTELLIGENCE IN CREDIT SCORING FOR ENHANCED
FINANCIAL RISK MANAGEMENT

This paper explores the use of Explainable Artificial Intelligence (XAI) in credit scoring to
enhance financial risk management. In the fast-changing world of financial services, credit scoring
algorithms are crucial but their complexity can make decision-making processes unclear and obscure
important financial risk assessments. This study tackles the need for more transparency and
interpretability in these algorithms by integrating various XAI approaches, including both model-
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