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WORKSHOP SCHEDULE
WEEK1: DATA ANALYTICS

WEEK2: FEATURE EXTRACTION

WEEK3: MACHINE LEARNING

Preprocessing Feature Extraction Feature Selection

Statistical or 
Machine Learning 
Models 

Data



ANALYSIS PLATFORM

https://www.mathworks.com/academia/tah-portal/university-of-texas-at-tyler-1108545.html



HYPOTHESIS
Scientific hypothesis, an idea that proposes a tentative explanation about a phenomenon or a 
narrow set of phenomena observed in the natural world. The two primary features of a scientific 
hypothesis are falsifiability and testability

Source: https://www.britannica.com/science/scientific-hypothesis



FEATURE EXTRACTION
Feature extraction is the process of converting raw data into useful information for 
machine learning algorithms to predict or classify 
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FEATURE EXTRACTION
Avoid too many features (computational resources and overfitting) 

https://datascience.foundation/sciencewhitepaper/underfitting-and-overfitting-in-machine-learning



FEATURE EXTRACTION

𝜇 → 𝑀𝑒𝑎𝑛 (Mode and Median)

𝜎 → 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

https://sphweb.bumc.bu.edu/otlt/MPH-Modules/PH717-QuantCore/PH717-Module6-RandomError/PH717-Module6-RandomError5.html

Statistical Features 

(Mean, Standard Deviation, Mode, Skewness, Kurtosis)



Exercise 1
Check whether the given two data sets have same features



Exercise 1
Check whether the given two data sets have same features
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Exercise 1



Exercise 1

Bloch-Salisbury E, Indic P, Bednarek F, and Paydarfar D, J Appl Physiol., 2009, 107: 1017-1027



Exercise 1
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Heart Rate

Signal Processing Machine Learning Evaluation & 
Prediction

Intervention

Big Data

Indic P, Paydarfar D, Barbieri R. IEEE Trans. Biomed. Eng 2013, 60(10):2858-66

Gee AH, Barbieri R, Paydarfar D, Indic P. IEEE EMBC Conf. 2015, 5855-5858

WO Patent 2,013,033,433
WO2014182792 A1



BIOMEDICAL DATA 

LINEAR VS NONLINEAR 

DETERMINISTIC VS STOCHASTIC

STATIONARY VS NONSTATIONARY   

Biomedical data are nonlinear, nonstationary and deterministic / stochastic in nature

Analytical tools are applicable only for linear, deterministic/stochastic and stationary 



Exercise 2
Sliding Window Method: A few number of files and only one channel



Exercise 2
Sliding Window Method: A few number of files and only one channel



Exercise 3
Sliding Window Method: A few number of files and multiple channels in each file



Exercise 4
Sliding Window Method: Several number of files in a folder



PREPROCESSING

IDENTIFY OUTLIERS

IDENTIFY NOISE



FEATURE EXTRACTION
Statistical Features 

(Mean, Standard Deviation, Mode, Skewness, Kurtosis)

Spectral Features (linear)

(Frequency (Rate), Amplitude, Phase, Coherence, Spectrum Entropy)

Nonlinear Features

(Detrended Fluctuation Coefficient, Multiscale Entropy, Mutual Information )



FEATURE EXTRACTION
Statistical Features 

(Mean, Standard Deviation, Mode, Skewness, Kurtosis)

MATLAB functions:

mean, sd, mode, skew, kurt

Works on two dimension arrays



FEATURE EXTRACTION
Spectral Features (linear)

(Frequency (Rate), Amplitude, Phase, Coherence, Spectrum Entropy)

Transformation of data in time to a new variable (example: Fourier Transform)

https://commons.wikimedia.org/wiki/File:Simple_harmonic_motion_animation_2.gif

X



FEATURE EXTRACTION
Nonlinear Features

(Detrended Fluctuation Coefficient, Multiscale Entropy, Mutual Information )

-Complicated and may be useful



HYPOTHESIS
Scientific hypothesis, an idea that proposes a tentative explanation about a phenomenon or a 
narrow set of phenomena observed in the natural world. The two primary features of a scientific 
hypothesis are falsifiability and testability

Source: https://www.britannica.com/science/scientific-hypothesis

Whatever features you select, and whatever conclusion you reach, always think, so what ?



FEATURE EXTRACTION 
Statistical Models are for inference (Linear Regression, Logistic Regression,……..)

Machine Learning Models are for classification / prediction  (Linear Regression, 
Support Vector Machine……)

Preprocessing Feature Extraction Feature Selection

Statistical or 
Machine Learning 
Models 

Data



FEATURE EXTRACTION 
Statistical Models are for inference (Linear Regression, Logistic Regression,……..)

Machine Learning Models are for classification / prediction  (Linear Regression, 
Support Vector Machine……)

r = 0.69  p < 0.05

GA = 0.0047*Birth Weight + 21.78



Project 1: Hypertension 

Paper 4



Project 1: Hypertension 

Paper 4

Hypothesis: To test the hypothesis that high and low level of salt contents can identify 
dysfunction in baroreflex mechanisms to indicate hypertension 



Project 1: Hypertension 

Give two different levels of salt, low level (blue), high level (red) to dysfunction rat 
(SS; n=9) and compare with healthy rat (SSBN13; n=6) 



Project 1: Hypertension 

Features: 

Mean Blood Pressure (BP) 

Standard Deviation of BP 

SS                           SSBN13



Project 1: Hypertension 

Features: 

Mean Blood Pressure (BP) 

Standard Deviation of BP 

SS                    SSBN13 SS                    SSBN13



Project 1: Hypertension 

Features: 

Mean Blood Pressure (BP) 

Standard Deviation of BP 

SS                    SSBN13 SS                    SSBN13



Project 1: Hypertension 

Is there any predictability ?

Mean Blood Pressure (BP) 

Standard Deviation of BP 



Project 2: Dehydration Detection

Paper 2



Project 2: Dehydration Detection

Paper 2

Hypothesis: To test the hypothesis that markers of saliva can detect dehydration



Project 2: Dehydration Detection

Paper 2

Features: 

Amylase

Chloride

Cortisol

Cortisone

Osmolality

Potassium

Proteins



Project 3: Oxygen desaturation 
Smokers vs Non Smokers

Paper 3



Project 3: Oxygen desaturation 
Smokers vs Non Smokers

Paper 3

Hypothesis: To test the hypothesis features of oxygen desaturation can detect the 
smokers from non smokers



Project 3: Oxygen desaturation 
Smokers vs Non Smokers

Paper 3

Features: 

Mean
Variance
Sample Entropy
Multiscale entropy



THANK YOU 

Mohammed Alenazi, Graduate Pravitha Ramanand, PhD, Postdoc


