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Part I1: Research, Teaching, and Clinical Contributions
A. Narrativereport of Research, Teaching, and Clinical Contributions

My longstanding research interests have been in the investigation of hidden information underlying
sensory signals and development of efficient methods for accurate analysis of this information. My
interest has been especially focused on speech signals. Most of my graduate work was in the field of
speech signal processing using artificial neural networks (ANN) or machine learning algorithms to be
applied to an automatic speech recognition (ASR) system, under the guidance of Dr. Soo-Y oung Lee
in the Department of Bio and Brain Engineering, KAIST. Dr. Lee is the director of the ‘Brain
Neuroinformatics Research Program’ receiving 10-year funding by the Korean government. The main
research goal is to learn how the brain processes information and concurrently to develop human
brain-like intelligent systems (Artificial Brain).

In this project, | was involved in the development of human-like auditory processing techniques. In
order to deploy the ASR system in a real environment, the technology needs to overcome severa
challenging problems, including an efficient and robust coding of speech signals, additive noises,
convolutional noises, and interference from other sound sources. In order to address these problems, |
conducted several research projects. a novel feature extraction method [article #2], maximum a
posteriori (MAP) estimation-based denoising [article #1], and blind deconvolution of room
reverberations [articles #3 through #5 & #13].

My recent research has focused on the application of the ANN and machine learning algorithms to the
biomedical signals, such as functional MRI and electroencephal ography (EEG). | was introduced to
the field of biomedical research during my post-doctoral work under the guidance of Dr. Seung-Schik
Yoo in the Department of Radiology, Brigham and Women's Hospital (BWH). My work as a
research fellow [Research funding] on Dr. Yoo's NIH-funded research project has drawn on my
extensive experiences on the development of signal processing techniques and computer
programming skills. | have been involved in the acquisition, analysis of fMRI data, development of
user-friendly and comprehensive software toolboxes, and manuscript preparation for this project. |
have also been engaged in a research study on hormones and brain activity in women with and
without depression (P.I. Dr. Jill Goldstein in the Division of Women's Heath, BWH). In Dr.
Goldstein’s project, | am aso participating in data acquisition, analyses, and giving technical
expertise regarding integration of psychophysiological data (skin conductance & heart rate) with
fMRI data.

A major outcome of the project with Dr. Yoo was a recent publication of our rea-time automated
registration technique and concurrent monitoring method of fMRI data [article #9]. Using this
technique, the feasibility of the fMRI-mediated learning and consolidation of brain activations was
shown within a primary motor area [article #7 and #12] and primary auditory area [article #8] via
real-time fMRI (rtfMRI) neurofeedback modality.

In another recent publication [article #10 and #11], | introduced a novel group fMRI analysis
technique using an independent vector analysis (IVA) method. The IVA algorithm is more advanced
than the ICA agorithm since IVA alows an additional dependent parameter for the analysis
compared to ICA, and thus this parameter could be assigned to the index of a subject from group
fMRI data. While keeping the advantageous non-parametric and multivariate characteristics of the
ICA method, the IVA method proposed presented an additional merit of automatic grouping of
smilar activation patterns among the subjects, which can be beneficialy utilized in the group
inference of fMRI data. Moreover, the IVA method showed better accuracy on the estimation of
hemodynamic responses and subsequent improvement of the statistica significance compared to
other conventional methods. The developed IVA method may be particularly effective for the
analyses of subject- and region-specific abnormal BOLD signals such as those due to neuroleptic
medi cations and substance abuse.



In future research activities, | will concentrate more on pre-clinical applications based on the
techniques developed. These applications include (1) the motor rehabilitation of stoke patients, (2)
feasibility study on the treatment of substance abuse using rtfMRI neurofeedback, (3) real-time
monitoring and analysis of dynamic contrast-enhanced breast MRI for early detection of malignant
tumors (in collaboration with Dr. Eva Gombos at the Lee Bell Center for Breast Imaging, BWH), and
(4) identification of cortico-striatum neural circuitries of the schizophrenic patients using the
developed IVA technique (in collaboration with Dr. Cynthia Wible at the Department of Psychiatry,
HMS). Based on these research collaborations, | am very interested in the development of
comprehensive and user-friendly software toolboxes and dissemination of these applications to the
research community.

B. Funding I nformation

2005- Research Fellow, N.I.H., NIH RO1 NS048242-01A03, Neurofeedback Functional
MRI; As aresearch fellow to the project, participated in data acquisition, analyses,
and manuscript preparation.

2007- Research Fellow, N.I.H., NIMH RO1 MH56956, Gender & Brain Abnormalitiesin
Schizophrenia Phase I11; As aresearch fellow, participated in data acquisition,
analyses, system administration, and technical expertise regarding integration of
psychophysiological datawith fMRI data as well as manuscript preparation.

2008- Investigator, High Field MRI Clinical Research Seed Grant Program: BWH / DFCI
Radiology, Dynamic Contrast-Enhanced MRI for the Detection of Breast Cancer
towards Adaptive Real-Time Analysisat 3.0 T Field Strength.

C. Report of Other (Non-Funded) Activities

Co-P.l. Independent Vector Analysis for Group Inference of fMRI Data.
P.l. Adaptive Real-Time Dynamic Contrast-Enhanced MRI for the Detection of Breast
Cancer

D. Report of Teaching

1. Local contributions
c. Local Invited Presentations
Invited Talk

2007- Independent Vecotr Analysis (IVA): A Novel Approach for fMRI Group Study,
Golby Lab, Department of Neurosurgery, Brigham and Women's Hospital

Radiology resear ch retreat

2009- Dynamic Contrast-Enhanced MRI for the Detection of Breast Cancer Toward
Adaptive Real-Time Analysis at 3.0T Field Strength, Brigham and Women's
Hospital

Seminar

2006- Multi-Task fMRI-based BCI for "Thought-Controlled Computer Keyboard', Medical
Imaging Physics Group (MIPG), Department of Radiology, Brigham and Women's
Hospital



2007- Independent Vector Analysis (IVA): A Novel Multivariate Approach for fMRI
Group Study, Department of Psychiatry (Dr. CynthiaWible's lab), Harvard Medical
School

2007- Independent Vector Analysis for Group fMRI Processing, Medical Imaging Physics
Group (MIPG), Department of Radiology, Brigham and Women's Hospital

2007- Brain-Computer Interface using real-time fMRI: Thought-controlled robot arm,
Medical Imaging Physics Group (MIPG), Department of Radiology, Brigham and
Women's Hospital

2008- Independent vector analysis for group fMRI data processing and rea-time fMRI for
brain-computer-interface, Medical Imaging Physics Group (MIPG), Department of
Radiology, Brigham and Women's Hospital

g. Advisees/Trainees

Training Duration Name Current Position

2005-2006 Dongwoo Hahn  Researcher, Samsung, Inc., Korea

2006- Ugochukwu Amadi Graduate Student, Gachon Medical School, Korea
2007- Philip Keegan Undergraduate Student, Boston University

2. Regional, national, or international contributions
a. Invited Presentations
I nternational
2006- Automated spatio-temporal classification of human minds for MR} based brain

computer interface., International Brain Mapping & Intraoperative Surgical Planning
Society (IBMISPS), Clermont Ferrand, France [Invited Talk]

2007- Simultaneous EEG and fMRI data analysis on sleep staging, KAIST, Dagjeon,
Korea[Seminar]
2008- Independent Vector Analysis for Group Functional MRI Data Processing, Brain

Science Research Center and Department of Bios and Brain Engineering, KAIST,
Dagjeon, Korea [Seminar]

2008- Brain-Computer Interface using real-time fMRI: Thought-controlled robot arm,

International Society for Magnetic Resonance in Medicine 2008, Tronto, Canada
[Oral Presentation]
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