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Interest

I specialize in the fields of image processing and bio-signal processing. During the early part of my Ph.D.
course, I focused on defect detection in TFT-LCD images. Building on this expertise, I extended my
research to the detection of abnormal heartbeats in ECG signals. This research encompassed various
aspects, including fiducial point detection, feature extraction, and the detection and classification of
abnormal heartbeats.
More recently, my research has delved into the field of digital twin technology, where I have effectively
utilized my signal processing experience. I am dedicated to replicating the capabilities of high-performance
devices within lightweight embedded systems, with the goal of achieving low-power and cost-effective
digital twinning. This research seeks to bridge the gap between high-performance digital twins and
resource-constrained embedded systems. Currently, I am engaged in a project focused on the digital
twinning of particulate matter sensors.

1. Research on ECG abnormal heartbeat Detection and Classification
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Figure 1: Research steps for detecting and classifying abnormal heartbeats in ECG signals

1O Noise reduction preprocessing in the frequency domain using FFT[1].

2O Optimized linear approximation using dynamic programming[1,2].

2O Feature extraction from linear-approximated vertices[3].

3O Fiducial point detection using features from linear-approximated vertices[4,5].

∎ Shape-based abnormal beat detection using waveform similarity.

∎ Feature-based abnormal beat detection using fiducial point detection.

∎ ECG data compression using fiducial points from linear approximation.
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2. Research on TFT-LCD Defect Detection
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Figure 2: Research steps for cell pattern removal using FFT and defect detection using STD in high-resolution
TFT-LCD

∎ TFT-LCD image quality assessment using MATLAB GUI.

∎ Optical image quality assessment using MATLAB GUI.

∎ Removing cell patterns in high-resolution TFT-LCD image using FFT.

∎ Removing uneven background intensity using morphological pair operations.

∎ Standard deviation(STD) and adaptive STD-based defect detection algorithm.

∎ Median absolute deviation(MAD) and histogram-based MAD(HMAD)-based defect detection algorithm.

∎ Binary large object(BLOB) segmentation using morphological pair operations.

3. Research on Digital Twinning for Light-weighted Devices
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Figure 3: Research for replicating high-performance devices algorithm within light-weighted embedded de-
vices in particulate matter sensing device
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∎ Determine a data acquisition algorithm from ADC raw data obtained from photodiode sensor to
estimate dust concentration.

∎ Replicating high-performance sensor algorithm using singular-value-decomposition(SVD).

∎ Noise suppression algorithm based on LSTM neural networks.
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Project Experience

1. Research on ECG abnormal heartbeat Detection and Classification
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Figure 4: Research steps for detecting and classifying abnormal heartbeats in ECG signals

Korea Evaluation Institute of Industrial Technology(KEIT) Apr.2013-Nov.2014

Institute for Information & Communication Technology Promotion(IITP)
Dec.2014-Aug.2016

Position : Researcher

Developed an ECG fiducial point detection algorithm

Developed an effective construction algorithm of feature space based on fiducial point detection results.

Developed an detecting algorithm of abnormal heartbeat

National Research Foundation of Korea(NRF) Jun.2013-May.2016

National Research Foundation of Korea(NRF) May.2015-Apr.2017

Position : Senior researcher

ECG database construction and analysis

Developed an ECG fiducial point detection algorithm

Developed an effective construction algorithm of feature space based on fiducial point detection results.

Developed an classification method of abnormal heartbeat

National Research Foundation of Korea(NRF) Sep.2018-Aug.2020

Position : Principal Investigator

ECG database construction and analysis

Developed an ECG fiducial point detection algorithm

Developed an effective construction algorithm of feature space based on fiducial point detection results.

Developed an classification method of abnormal heartbeat
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National Research Foundation of Korea(NRF) Jun.2020-May.2023

Position : Principal Investigator

ECG database construction and analysis

Developed an ECG fiducial point detection algorithm

Developed an effective construction algorithm of feature space based on fiducial point detection results.

Developed an classification method of abnormal heartbeat

National Research Foundation of Korea(NRF) Jun.2020-Feb.2021

Position : Senior researcher

ECG database construction and analysis

Developed an ECG fiducial point detection algorithm

Developed an effective construction algorithm of feature space based on fiducial point detection results.

Developed an classification method of abnormal heartbeat

2. Research on TFT-LCD Defect Detection
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Figure 5: Research steps for cell pattern removal using FFT and defect detection using STD in high-resolution
TFT-LCD

LG Display Jun.2010-Dec.2011

Position : Assistant

Developed an algorithm of feature value extraction

Developed a GUI for image input and acquire feature value

Developed a GUI for measurement for image quality assessment
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National Research Foundation of Korea(NRF) Jun.2013-May.2016

National Research Foundation of Korea(NRF) Mar.2017-Jan.2018

National Research Foundation of Korea(NRF) Sep.2018-Jan.2019

Position : Senior researcher

Developed an cell pattern remove algorthm on high-resolution TFT-LCD image

Developed an background intensity flow remove algorithm on low-resolution TFT-LCD image

Developed an effective method for defect detection on low and high resolution TFT-LCD image

3. Research on Digital Twinning for Light-weighted Devices
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Figure 6: Research for replicating high-performance devices algorithm within light-weighted embedded de-
vices in particulate matter sensing device

National Research Foundation of Korea(NRF) Jun.2023-present

Position : Principal Investigator

Dust sensor device construction and analysis

Developed a dust sensing algorithm which replicates high-performance device’s unknown algorithm within
light-weighted embedded devices

Developed an effective construction algorithm of noise reduction based on artificial neural network

Research Fund

This research was supported by the Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of Education
(RS-2023-00246697)

Title: Lightweight Cloud-Edge Connected Digital Twin-based Metamorphic Independent
Artificial Neural Network Embedded Software Reconstruction

∎ Position : Principle Investigator (PI)

∎ Period: Sep. 2023-Aug. 2026

∎ Budget: KRW 210,000,000

∎ Teams: 1 Ph.D., 7 Ph.D. course students and 1 M.S. course student
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This research was supported by the Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of Education
(2020R1I1A1A01072343)

Title: A Research on the Fiducial Point Detection and Arrhythmia Classification based
on Linear Approximation of ECG Signal

∎ Position : Principle Investigator (PI)

∎ Period: Jun. 2020-May. 2023

∎ Budget: KRW 150,000,000

∎ Teams: 1 Ph.D.

This research was supported by the Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of Education
(2018R1A6A3A01011035)

Title: A Research on the Fiducial Point Detection Method based on Linear
Approximation for Arrhythmia Classification and Signal Compression of ECG Signal

∎ Position : Principle Investigator (PI)

∎ Period: Sep. 2018-Aug. 2020

∎ Budget: KRW 90,000,000

∎ Teams: 1 Ph.D.

Skills

MATLAB
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