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ACADEMIC RECORD

1969-1974 B.S.  Electrical Engineering Indian Institute of Technology, Bombay
1977-1978 M.S. Biomedical EngineeringUniversity of Wisconsin, Madison
1979-1981 Ph.D. Electrical and Computer Eng.  University of Wisconsin, Madison

EXPERIENCE

1974-1976 Electronics Engineer Philips Company (India)

1977-1981 Teaching & Research Asst. University of Wisconsin, Madison

1981-1983 Assistant Professor Northwestern University, Evanston
Electrical Eng. & Computer Science

1984-1986 Assistant Professor The Johns Hopkins University
Biomedical Engineering School of Medicine

1987-1994 Associate Professor The Johns Hopkins University
Biomedical Engineering School of Medicine

1994- present  Professor The Johns Hopkins University
Biomedical Engineering School of Medicine
Joint appointments in Electrical and Computer Eng., Neurology

2012-present  Provost Chair Professor National University of Singapore

Professor, Electrical and Computer Engineering, Biomedical Engineering, Medicine

TEACHING ACTIVITIES

1981-1983 Computers in Biomedical Engineering, Real-time computer systems,
Microprocessor Software Design

1984-present  Principles of Design of Biomedical Instrumentation, Advanced Biomedical Instrumentation,
Biomedical Sensors, Economic Health Care Technologies,
Neuroengineering Continuing education courses on Microcomputer-based
Medical Instrumentation and Biomedical Laboratory Computing, Neuroengineering,
Molecular and Cellular Instrumentation

2012-2018 Director, Singapore Institute of Neurotechnology (SINAPSE), Singapore

Present Distinguished Honorary Professor, Indian Institute of Technology, Gandhinagar, India
Visiting Professor, Med-X, Shanghai Jiao Tong University

AWARDS

e National Scholarship, India; Graduate Fellowships, University of Wisconsin, Madison

e 2nd Prize, Student Paper Competition, Annu. Conf. Eng. Med. Biol. (1981)

e st Prize, Paper Competition, Symp. Computer Appl. Med. Care (1982)

e Research Career Development Award, The National Institutes of Health (1985-1990)

e The Presidential Young Investigator Award, The National Science Foundation (1985-1991)

e The Fulbright Fellowship, Cybemetics Institute, Barcelona, Spain, 1987.

e Centennial Achievement Medal - University of Wisconsin, School of Engineering, 1993.

e Fellow, American Institute of Medical and Biological Engineering, 1996; Fellow, Institute of Electrical and

Electronics Engineers (IEEE) 1997, Founding Fellow, Biomedical Engineering Society, 2005.
o Distinguished Service Award, Indian Institute of Technology, Bombay, India, 2008 and Distinguished
Alumnus Award, Indian Institute of Technology, Bombay, India, 2010.



Technical Achievement Award from IEEE Engineering in Medicine and Biology Society, 2010.
Distinguished Achievement Award, University of Wisconsin, School of Engineering, Madison, W1, 2010.
Fellow, International Academy of Medical and Biological Engineering, International Federation of Medical
and Biological Engineering, 2012.

Editor in Chief, IEEE Transactions on Neural Systems and Rehabilitation Engineering (2005-2011) and
Medical and Biological Engineering and Computing (2013-present).

Engineering Leadership Award, National University of Singapore, 2016.

IEEE Engineering in Medicine and Biology Society, Academic Career Leadership Award, 2017

RESEARCH FOCUS AND VISION
Basic and translational research on Medical Instrumentation with focus on Neurotechnology.
Mission:

To sustain an internationally recognized basic research program on basic and clinical neuroscience research on the
mechanism and therapy of brain diseases and disorders.

To develop a nationally recognized program for technology development and commercialization of medical
instrumentation and technology with a focus on Neuroengineering, Implantable technologies, and Prosthesis.
Develop innovative micro and nanotechnologies and prosthetic devices for medical research and clinical
applications, especially in the area of neurosciences.

To develop economic medical and health care technology for global health.

To develop innovative technologies and promote their commercialization through University-industry partnerships
and spinoffs

To educate students and post-doctoral scientists for careers in academia and industry and to foster a vibrant
academic-industry relationship.

To create an innovative educational frame-work through innovative new curricula, emphasis on design in
undergraduate curriculum, and to provide professional/continuing training

Publications, presentations, and organizational leadership at national and international conferences and symposia.
To foster research collaboration and education at the international level.

PROFESSIONAL ACTIVITIES

Fellow, IEEE; Fellow; AIMBE; Founding Fellow, Biomed. Eng. Soc.; Sigma Xi

Associate Editor, IEEE Transactions on Biomedical Engineering (1989-2002), IEEE Transactions on Information
Technology (1996-2002), J. Ambulatory Monitoring (1988-1994), J. Biological Systems (1992-1996), Annals of
Biomedical Engineering (1999-2005); Nanobiotechnology (2005-2008), Biomedical Microdevices and
Nanotechnology (2008-present), Editorial Board, Frontiers of Neuroengineering (2009-present), International
Journal of Neural Systems and Engineering (2010-present).

Editor-in-Chief, IEEE Transactions on Neural and Rehabilitation Engineering, 2006-2011; Scientific Advisory
Board, 2012. Editorial Advisory Board, IEEE T-BME (2002-present).

Editor-in-Chief, Medical and Biological Engineering and Computing, 2012-present.

Co-Founder and Chief Scientific Officer, Infinite Biomedical Technologies, Baltimore, MD, developer of
neurological monitoring technologies for Neuroscience Critical Care and Neurosurgery: raised more than $20
Million from 1997-present.

Co-Founder and Member of the Board, lkona Medical, CA; developer of endoscopic imaging technology; raised
more than $1 Million in funding through SBIR funding

Co-Founder and Member of the Board, Vigilant Medical, Baltimore, MD; currently marketing Image and File
Share technologies

Co-Founder and Member of the Board, Vasoptic Medical, Baltimore, MD; currently developing a portable retinal
imager for early onset of diabetes

Reviewer, IEEE Trans. Biomed. Eng., IEEE Trans. Signal Processing, Med. Biol. Eng. Comput., J. Appl.
Physiol., J. Electroenceph. Clin. Neurophysiol., J. Cardiac Electrophysiol., Circ. Res., PACE, J. Neurosci.
Methods, Brain Res., J. Neurophysiol. IEEE Trans. Biomed. Circuits and Systems, etc.

Member of numerous Special Study Sections and Small Business Grants Study Sections, NIH and NSF; 1985-
present; member of several NIH Training Grant study sections



Member, NIH Site Visits; Frequent reviewer for the NSF, Whitaker Foundation and the NIH; 1985-present
Permanent Member (1995-99) Surgery & Bioengineering Study Section, NIH; Review panel, NIDRR, 1998; VA
Merit Review (2003); Reviewer Army Research grants (2002-2003; 2004-5); reviewer of several NIH ad hoc
panels (2005-2008); Member of Training Grant Review Panel, Panel Chair, Quantum Grants, National Institutes
of Health, Frequent reviewer of NIH and NSF grant programs

Referee, Student Paper Competitions: Symposium of Computer Applic. Medical Care, 1984-86, IEEE Int. Conf.
Eng. Med. Biol. Soc., 1989-1992

Award Committee: Provost Award, 1998-present; Johns Hopkins University.

Several Professorial promotion ad hoc committees, Johns Hopkins University, including Associate and Full
Professor Promotion, Search Committees of Chairs of Radiology, Orthopedic Surgery.

AIMBE Fellows nomination committee, 2003-2005; IEEE Ad Com, 2003-2004; IEEE EMBC Publications
Committee; IEEE Ad Com 2006-present (Publications), 2008- (Awards)

Consultant: American Edwards, GST Laboratories, Primary Care Software, Physio Control, Cardiac Pacemakers
Inc., Eli Lilly & Co., DVP, Cadent, Infinite Biomedical Technologies.

Advisory Boards: University of Wisconsin-Madison (Biomedical Eng), 2002-2004; University of Washington
(Biomedical Engineering), 2005-present; Engineering Research Center, University of Southern California,
Engineering Research Center 2004-2009, Cleveland Clinic (Biomedical Engineering): 2005-2008.

Program Reviewer: University of Minnesota, Biomedical Engineering, 2009; University of Pittsburgh,
Biomedical Engineering, 2010. University of Washington, Seattle, 2006-2010.

Director, Neuroengineering Training Program, Johns Hopkins University (2004-present); Member Provost
Research Award committee, chair or member of ad hoc promotion committees, member Whiting School of
Engineering international program and collaboration group.

CONFERENCES AND ORGANIZATIONAL ACTIVITIES

Chairman, workshop in “Pacemaker Technology,” IEEE Int. Conf. EMBS, 1983;

Tutorial on “Modern techniques of automated ECG analysis,” IEEE Int. Conf. EMBS, 1984;

“ECG signal processing,” IEEE Int. Conf. EMBS, 1985;

“Cardiac arrhythmias, pacing, and defibrillation,” and “Medical Instrumentation,” Annu. Conf. Eng. Med. Biol.
Soc. (ACEMB), 1986; “Evoked potentials,” IEEE Int. Conf. EMBS, 1987, 1988;

“Computer applications Track,” 1989; “Computers in Cardiology Conference;

“ECG signal processing,” IEEE Int. Conf. EMBS, 1990-1991; Track Chair, “Cardiology,” IEEE Int. Conf. EMBS,
1991;

Program coordinator, “Neurological Signal Processing,” Biomed. Eng. Soc. Annual Mtg., 1991;

Invited chair, “World Congress Biomed. Eng., Kyoto, Japan, 1991;

Int. Track Chair, European Congress Biomed. Eng., 1991;

Co-chair, tutorial program, “Frontiers of Computers in Biomedical Engineering,” IEEE Int. Conf. Eng. Med. Biol.
Soc., Paris, 1992;

Invited tutorial, “Wavelet analysis of evoked potentials;” Chair, technical sessions on Electrocardiography and
Computer Modeling of Arrhythmias; 1992;

Tutorial workshop, “Supercomputers in Biomedical Engineering, “ IEEE Int. Conf. EMBS, 1993;

Chair, "Wavelet Analysis," IEEE Int. Conf. EMBS, 1993;

World Congress of Biomedical Engineering, Chair and Tutorials on Supercomputers" and "Computer
Applications in Medicine,",

ICASSP Conf, Session Chair, Biomedical Signal Processing, 1995;

Track Chair, Biomedical/Neurological Signal Processing at IEEE Eng. Med. Biol. Soc., Montreal, 1995;
Session Chair, Modeling and Simulation, Computers in Cardiology, 1996;

Tutorial, “Cardiac Bioelectricity.” Session chair, “EEG signal processing. Origanizer/teacher: IEEE EMBS
Summer School on “Biomedical Signal Processing.” Track Chair, Neuroengineering, IEEE EMBS Conf, Hong
Kong, 1998, and Atlanta, 1999;

Conference Program Chair, BMES, Seattle, 2000;

Keynote Presentation, Biosignal 2000, Brno, Czech Republic, 2000;

Track Chair, Neural Engineering, BMES Annual Conference, 2001;



Co-Track Chair, IEEE Eng. Medicine Biology Annual Conference, Istanbul, 2001;

Theme Chair, Neural Engineering Systems, IEEE EMBS and BMES Joint Conference, Houston, October, 2002;
Keynote invited speaker, Northeast Bioengineering Conference, April, 2002;

Track Chair, Neuroengineering and Neuromuscular Systems, World Congress, 2003.

Invited Chair, “Biosensors,” Third Annual BloMEMS & Biomedical NanoTechnology, 2002, Columbus OH;
Program Committee, Neural Engineering workshop and conference, IEEE Eng. Medicine and Biology Society,
Capri, 2003;

Invited Chair, “Biosensors,” Fourth Annual BioMEMS & Biomedical NanoTechnology, 2003, Washington DC.
Theme Chair, “Neural Engineering,” World Congress of Biomedical Engineering, Sydney, Australia, 2003;
Program Committee, Fourth Annual BioMEMs and Nanotech World 2003 Conference;

Program Co-Chair, 2" Annual Biodefense Conference, Cambridge Healthtech, Washington D.C., Aug. 2003.
Program Chair, Capital IIT (Pan IIT East Coast Chapter), Fall, 2003.

Theme Chair, “Neural Engineering, Biomedical Engineering Society, Philadelphia, PA, 2004;

Program Committee, Annual BioMEMs and Nanotech World, Aug, 2004 Conference;

Program Co-Chair, 3" Annual Biodefense Conference, Cambridge Healthtech, Aug, 2004;

Theme Chair, “Brain and Neural Engineering,” IEEE Engineering in Medicine and Biology Conference, Shanghai,
2005;

Conference Chair, Satellite Conference, “Micro-Nanotechnology for Neural Interfacing,” Beijing, China, 2005;
Theme Chair, Neural Engineering, Biomedical Engineering Society, Baltimore, 2005; Invited Theme Chair,
Neuroengineering, MEDI 2005, Hartford, CT.;

Session Chair, ICORR 2007, Netherlands; Invited Theme Chair or session chair for IEEE Engineering Medicine
and Biology Conference, 2006-20098;

Chair, Workshop on “Beyond Brain Machine Interface,” IEEE Engineering in Medicine and Biology Society
Conference, Minneapolis, MN , 2009;

Chair, Frontiers of Biomedical Engineering Track, Biomedical Engineering Society, Pittsburgh, PA, 2009;
Conference Chair, AMA-IEEE Conference on Personalized Medicine, March 21-23, 2010;

Organizing committee: “Grand Challenges in Neuroengineering.” IEEE Engineering in Medicine and Biology
Society, May 5-7, 2010;

Workshop organizer/Chair, “Beyond Brain Machine Interface; from Motor to Sensory and Cognition,” sponsored
by Army Research Office, June 20, 2010.

Chair, several technical sessions, IEEE Engineering in Medicine and Biology Conference, Buenos Aeris, August,
2010.

Organizing Committee, 5th International Summer School on Emerging Technologies in Biomedicine, “High
Throughput Communication between Brain and Machines,” September 26th - October 1st 2010, Patras, Greece.
Chair, IEEE Life Sciences Grand Challenges, December, 2013

International Neurotechnology Consortium, Chair, 2012-2014 (Taiwan, Chicago, USA)

Co-Chair, Optogenetics conference at SPIE, Biophontonics, San Fransisco, January/February, 2014-2016

Chair, IEEE BIOROB, June, 2016 (Singapore).

Co-Chair, Gordon Conference on Advanced Health Care Informatics, July 2016 (Hong Kong)

International Conclave, IIT Gandhinagar, India, February, 2019.

Conference Chair, Optogenetics, BIOS, SPIE, San Fransisco, 2015-2017.

Conference Chair, Photonic Therapeutics and Diagnostics and Neurophotonics, BIOS, SPIE, San Fransisco, 2018,
2019.

SELECTED INVITED PRESENTATIONS

“Ambulatory Arrhythmia Monitoring,” MIT, 1982.

“ECG signal processing for arrhythmia detection,” Indian Institute of Technology, Bombay, India, December,
1983.

“Biomedical signal processing,” Humboldt Institute, Berlin, August, 1984.

“Design, implementation and evaluation of microcomputer-based ambulatory arrhythmia monitors,” Cibernetics
Institute, Barcelona, Spain, December, 1986.



“Computer models of Defibrillation,” PhysioControl Corp., 1986.

“Biomedical Signal Processing,” New Jersey, Institute of Technology, Special Symposium, 1987.

“Computer models of ventricular tachycardia and fibrillation,” Cardiac Pacemakers, Inc., Minneapolis, 1988,
1989.

“Ventricular tachyarrhythmia detection,” Cardiac Pacemakers, Inc., Minneapolis, 1989.

“Ambulatory monitor for QT-interval analysis in ischemic heart disease,” Sympsium on Sudden Death,
Barcelona, Spain, March, 1989.

“Computer models of ventricular fibrillation and defibrillation,” Eli Lilly, Indianapolis,June, 1991.

“Computer models of fibrillation and defibrillation,” Duke University, April, 1991.

“Models of cardiac arrhythmias,” Niigata University, Japan, July 1991.

“Evoked potential signal processing,” Nihon-Koden, Tokyo, Japan, July, 1991.

“Neurological signal processing for neuro-critical monitoring,” Univ. Virginia, February, 1992.

“Shock effects on isolated myocytes studied by the patch clamp method,” Purdue Defibrillation conference,
September, 1992.

“Detection of cardiac arrhythmias: normal, abnormal, chaotic,” Department of Statistics, Ohio State Univerisity,
January, 1993.

“Cardiac and neurological signal processing for patient monitoring,” Chinese Academy of Sciences, Shanghai,
Nanjing, and Beijing, March, 1993.

“Adaptive coherence estimation reveals nonlinear processes due to injury in brain,” Special Symp. Biomedical
Signal Processing ICASSP Conference, Minneapolis, MN, April, 1993.

“Signal processing and modeling in Cardiology,” BMT-Kongress (Joint German, Austrian Swiss Conference on
Biomedical Engineering), Graz, Austria, September, 1993.

"Neurocritical Care Monitoring," IEEE Chapter, Carleton University, Ottawa, Canada, October, 1993.
"Modeling and Signal Processing in Cardiology," IEEE Eng. Med. Biol. Soc. Chapter, George Washington
University, Washington D.C., November, 1993.

"Supercomputer model for the study of fibrillation," 2nd European Conference on Mathematics as Applied to
Biology and Medicine, December, 1993, Lyon, France.

"Wavelet and Time-frequency Methods in Biology and Medicine," Tutorial presented at the World Congress of
Biomedical Engineering, Rio de Janneiro, Brazil, August, 1994.

"Frontiers of Computers in Bioimedical Engineering," Tutorial presented at the World Congress of Biomedical
Engineering, Rio de Janneiro, Brazil, August, 1994.

“High-speed optical imaging of spiral waves in cardiac tissue,” plenary talk (given by student Matthew Fishler) at
the Computers in Cardiology Conference, Bethesda, MD, 1994,

"Emerging problems in time-frequency-scale analysis of biomedical signals," Introductory Talk at the Time-
frequency and Time-scale Analysis Conference, Philadelphia, October, 1994.

“Fundamental analysis of ventricular fibrillation signals,” and “Analysis of transient and time-varying evoked
potentials for detection of brain injury,” presented at the Bat-sheva Seminar Series, Technion Israel Institute of
Technology, Haifa, Israel, March, 1995.

“Signals from the heart and brain: new problems and applications,” Biomedical Engineering Conference of
Spanish Society in Catalunya, Barcelona, Spain, 1995.

“Advances in Cardiac and Neurological Signal Processing,” Shanghai Jiaotong University, Shanghai, P.R. China,
November, 1995.

“Biomedical Signal Processing” several lectures presented as a Guest Professor of the Xi’an Jiao Tong
University, Xi’an, P. R. China, November, 1995.

“Spiral waves and wavelets in the heart: chaotic cardiac thythms” invited presentation at the Symposium on
Nonlinear Dynamics and Chaos at the CNR, Genoa, Italy, Dec., 1995.

“Advanced biomedical signal processing applications in cardiology, neurology and rehabilitation,” University of
Pittsuburgh, April, 1996.

“Biomedical applications of signal processing,” Northern Illinois University, April, 1996.

“Biomedical signals and instrumentation in cardiology and neurology,” Biomedical Engineering Program,
University of Pittsburgh, 1996.



“Rotors and spiral waves: models of cardiac arrhythmias,” IEEE Annual Int. Conf. Eng. Med. Biol., Symposium
on Bioelectricity, Chicago, IL, 1997.

“Spiral Waves and Chaos in Heart,” University of Minnesota, 1998

“Sequential hypothesis testing in arrhythmia detection,” Medtronic, Inc., 1998.

“Parametric, nonparametric, and dynamical analysis methods for fibrillation detection,” CPI/Guidant, 1998.
“Computer models of the heart: from single beat to fatal arrhythmias,” Keynote Speaker, IEEE Information
Technology Applications in Biomedicine (ITAB *98), Washington D. C., 1998.

“Chaotic Rhythms of the Heart: Models and Signals,” IBED 98 Conference, Istanbul, Turkey, May, 1998.
“Chaos in the Cardiac Rhythm”, “Neuroengineering,” Plenary talks, IV FNCTS (Forum Nacional de Ciencia e
Tecnologia em Saude), Curitiba, Brazil, 18-22 Oct, 1998.

“Neuroengineering,” Colloquium, Applied Physics Lab, Baltimore, MD, 1999.

“Medical Microsystems,” Medical Diagnostic Techniques and Procedures, Indian Institute of Technology,
Chennai, India, December, 1999.

“Neuroengineering,” and “Medical Microsystems” CIIE, Congreso International de Ingenieria Electronica,
Veracruz, Mexico, 2000.

“"Interpreting Brain's Message: Telling Normal from Abnormal." EuroConference, Biosignal 2000, Brno, Czech
Republic, June, 2000.

“Entropy and Information Measures of Brain Rhythms,” Plenary Talk, IEEE Conference on Statistical Signal
Processing, Singapore, 2001.

“S.0.S. from the Brain: Brain’s Response to Neurological Injury,” Arizona State University, November, 2001.
“Neural Microsystems” Plenary talk, International Biomedical Engineering Conference, Rotorua, New Zealand,
Nov 2002.

“Engineer’s Contact with the Brain,” Keynote presentation, the ICME Conference, Singapore, December 2002.
“Medical Microsystems,” Invited presentation, Indian Institute of Technology, Bombay, India, December, 2002.
“Time Dependent Entropy and Information Measures of Brain Injury,” Neuronal Variability and Noise,
Dynamical Neurosciences Symposium, Society for Neuroscience, November, 2003.

“Clinical Neuroengineering: Brain Monitoring from Bench to Bedside,” University of Akron, OH, 2003
"Integrated Neurochemical Sensing: Interfacing VLSI to micro/nanosensors" Bringham Young University,
2003.

“Brain signals as information carrier of brain-computer interface: beyond electrical,” BIOSIGNAL 2004,
Brno, Czech Republic, June 2004.

“Nanobioengineering,” 2" Summer School on Emerging Technologies in Biomedicine, Patras, Greece, 20-
25 June, 2004.

“Nanotechnology: Frontiers of Biomedical Engineering,” Indian Institute of Technology, Roorkee; Indian
Institute of Technology, Kanpur, 2005.

“Frontiers of Neuroengineering,” Satellite Symposium, IEEE Eng Med Biol Soc, Beijing, 2005.

“Clinical Neuroengineering,” Invited keynote talk; Biomedical Engineering Society, 2005.
“Neuroengineering: from Bench to Bedside,” MEDI 2005, Hartford, CT, 2005.

“A Bench to Bedside Story or How to Bring Ideas from Lab to Clinic?” Albert Eienstein, Neurology Grand
Rounds; “

“A Bench to Bedside Story or How to Bring Ideas from Lab to Clinic?” Department of Biomedical
Engineering, Drexel University, January, 2006.

“Interfaces to Brain and Mind,” University of California, Department of Biomedical Engineering, Irvine,
January 2006.

Distinguished Speaker Seminar “Neural Control of Prosthesis: Circuits, Signals and Systems,” Michigan

State University, April 2006.

“Neuroengineering Symposium” University of Minnesota, Medical Instrumentation Design Conference,
Minneapolis, April, 2006.

Invited keynote Speaker, “Neuroengineering” BIO-Korea, Sep 6-8, Seoul, Korea, 2006.

“Signals and Systems for Neural Control of Dexterous Hand Prosthesis,” Neural Interface Workshop, Joint
China-USA (National Science Foundation), Kunming, China, July 9-11, 2006.



“Brain Machine Interface and Neural Prosthesis,” National Science Foundation, Collaborative Research in
Computational Neurosciences, University of Marlyand, College Park, June 2006.

“Towards Dexterous Hand Prosthesis: Manipulation with Brain-Machine Interface,” University of Virginia,
Charlottesville, VA, 26 October, 2007.

“Body or Brain? Control of Dexterous Prosthesis" University of Delaware, Neward, Delaware, November
16, 2007.

“Neural Signal Processing for Brain Machine Interface/Neural Prosthesis,” IMIT and University of
Melbourne, Melbourne, December, 2007.

Conference Plenary Speaker, IEEE Circuits and Systems and Signal Processing Society, “Circuits, Signals
and Systems for Brain Machine Interface and Neural Prosthesis”, March, 2008.

“Neural Prosthesis and Deep Brain Stimulation,” American Institute of Medical and Biomedical
Engineering- AIMBE- Military Collaboration: Bioengineering Challenges of Brain Trauma, Washington
DC, February 20, 2008.

“Brain Computer Interface: Theory and Applications,” 6™ Summer School on Emerging Technologies in
Biomedicine, Patras, Greece, July 3-5, 2008.

“The Brain-Machine Interface and Neural Implants,” 16™ Annual World Congress on Anti-Aging, July 17,
2008.

“Neural Interfaces for Monitoring and Control,” 8th IEEE International Conference on Biolnformatics and
BioEngineering (BIBE 2008), October 8-10, 2008.

“Mind Over Matter: Building a Brain Machine Interface,” Department of Neurology, Johns Hopkins School
of Medicine, September 29, 2008.

National Semiconductor Distinguished Faculty Seminar, “Medical Microelectronics: form Circuits, to
Systems to Applications,” June 15, 2009.

“Clinical Neuroengineering: Monitoring the Brain from Bench to Bedside,” Workshop on Engineering the
Future of Medicine via Innovation and Collaboration, Postech, Korea, June 17-18, 2009.

Plenary Talk “Taking Neural Signal Processing from Bench to Bedside,” The 6th International Workshop
on Biosignal Interpretation.” Yale University, June 23-26, 2009.

“Connecting Brain to Hand: Circuits and Signals for Neuroprosthetics,” Keynote Speaker, BioCAS
conference, Beijing, China, Nov 25-27, 2009.

“Neuroengineering,” Shanghai Jiao Tong University, Dec 3, 2009.

“Decoding and Dexterity in Neuroprosthesis - Journey into Dimensionality,” Invited Speaker, Beijing BCI
2009 Symposium, Tsinghua University Conference on Neuroengineering, Dec 5-6, 2009.

Keynote Speaker, “From Myoprosthesis to Neuroprosthesis,” ISSNIP Biosignals and Biorobotics
Conference 2010, Vittoria, Brazil, January 4-6, 2010.

“From Myprosthesis to Neuroprosthesis: Emerging Technologies in Human-Machine Inteerface,” ISSNIP,
Vittoria, Brazil, January 2010.

“Neuroprosthesis: from Monkey to Man”, Louisiana Tech University, March 15, 2010

Decade of Mind VI Conference: “Cognitive Science and Neurotechnologies: Looking Forward to the Next
Ten Years”. Singapore, October 18-20, 2010.

“Decoding and Dexterity in Neuroprosthesis - Journey into Dimensionality” University of California,
Berkeley.

Brain Machine Interface for Control of Prosthesis: What Does it Teach about how Brain in Organized and
Codes Information?" Society for Experimental Biology, April 28, 2010.

“Decoding and Augmenting Brain Machine Interface,” BIOISION, Alexandria, Egypt, April 14, 2010.
"Neural Interfaces", Distinguished Lecturer, IEEE Circuits Society, Postech University, Korea, May 14,
2010.

“Mind-Brain-Machine Interface with Neural Microsystems,” A-STAR, Singapore, October, 2010.
“Revolutionizing Prosthetics with Mind-Brain-Machine Interface,” 6™ Decade of the Mind Conference,
Singapore, October, 2010.

“Revolutionizing Prosthetics: A Brain Machine Interface Solution,” University of Wisconsin, October,
2010.



“Neuroengineering: Cells, Chips, Brains and Machines,” invited presentation at Krasow Institute, George
Mason University, VA, March 2011.

“Revolutionizing Prosthesis with BMI,” Plenary Presentation, First Middle East Conference on Biomedical
Engineering, Sharjah, UAE, February, 2011.

“Signals and Networks - from Neurons to Brain, for Building Brain Machine Interface,” invited
presentation, Carnegie Mellon University, March 21, 2011.

“Implanting the Brain Machine Interface: Circuits, Signals and Systems” Keynote Speaker, IEEE
NEWCAS, Bordeaux, France, June, 2011.

“ Cortical Signals and Decoding Strategies for Dexterous Prosthesis,” Invited presentation, 3rd Annual
Workshop on Brain-Machine Interfaces, IEEE Systems, Man, Cybernetics, Anchorage, Alaska, October,
2011.

“High Dimensional BMI,” Keynote Speaker, [IEEE BIOCAS, San Diego, Nov, 2011.

“SiNAPSE Programme for Neurotechnology and Cognitive Science,” Keynote speaker, DR Tech

Symposium, National University of Singapore, 2012.

“Inaugural Professor Lecture,” National University of Singapore, Department of Electrical Engineering,
May, 2012.

Conference organizer and Chair, “International Neurotechnology Consortium,” BIOCAS meeting, Taiwan,
November 2012.

“Neurotechnology: Brain Monitoring to Brain Machine Interface, “Brain, Mind, Technologies; What’s New

and What’s Next?” Bioethics Forum, January, 2013.

Invited Keynote speaker, CMOS Emerging Technologies, Whistler, Canada, July 2013 (declined due to
conflict)
“Global Ischemic Brain Injury: Brain Rhythms from Entropy to Causality and from Cortex to Thalamus,”

Comnell Medical Center, May 2013.

“Translation: From Revolutionary Prosthesis to Affordable Prosthesis,” Invited Platform, IEEE Neural
Engineering Conference, San Diego, CA, 6-9 Nov, 2013.

“Frontiers of Brain Machine Interface: from Physical to Cognitive,” Plenary speaker, 6™ IEEE Conference
on Cybernetics and Intelligent Systems (CIS) and 6™ IEEE Conference on Robotics, Automation and
Mechatronics (RAM)., Manila, 12-15 Nov, 2013.

“Brain Machine Interface Technology: from Neurons to Prostheses,” Keynote speaker, International

Conference on Biomedical Engineering ICBME), Singapore, 4-7 December 2013.

“Neuromorphic Engineering for Brain Machine Interface,” 9™ International Conference on Intelligent

Sensors, Sensor Networks, and Information Processing, ISSNIP, April 21-24, 2014, Singapore.
“Neuroprosthetics, Neurorobotics, and Neurorehabilitation: Past, Present and Future,” Plenary Speaker,
ICNR, 2014, Aaborg, Denmark, June 24-27, 2014,

Invited Speaker, BRAIN Workshop, IEEE Engineering in Medicine and Biology Conference, Chicago, IL,
August, 2014.

“Brain on a Chip: Platform for Discovery,” Keynote Speaker: 6™ International Conference on Microchemistry and
Microsystems, Singapore, July 2014.

“SINAPSE: Translating Neurotechnologies,” Keynote Speaker, A*STAR Symposium, September 26, 2014.
“Neurotechnology: Building Implantable Brain Machine Interface,” Bioelectronics Symposium, Nanyang
Technological University, October 19-21, 2014
“Biologically Inspired Sensors and Intelligent Neural Decoding,” Sensors, Energy harvesting, wireless Network &
Smart Objects: SENSO Conference, Gardenne, Aix En Provence, France, October 22, 2014,

“Translating Brain Machine Interface (Neuroprosthesis) for Patients: From DARPA Revolutionizing Prosthesis to
NIH Grand Challenge,” Johns Hopkins University Engineering Distinguished Faculty Lecture, September, 2014.
Invited speaker, BIO4APS, Japan

“Frontiers of Neurotechnology: from Neurochip to Cognitive Engineering,” City University of Hong Kong,
January 2015.

“Brain Machine Interface: Translating Neuroscience for Neuroprosthesis,” Brain Night Lecture, Johns
Hopkins University, February, 2015.



“Neuromorphic Engineering: Inspiration and Interface to Biology” Asia-Pacific Conference for Vision
(APCV) 2015, July 10-12, Singapore.

“Decoding Brain-Machine Interface: Semi-invasive ECoG Approaches,” Shanghai Symposium on Neural-
Machine Interfacing, Shanghai, June 16-17, 2015.

“Cognitive Robotics,” Plenary Speaker, ICORR, Singapore, July, 2015.

Invited talk, “Laser Speckle and Photoacoustic Imaging of Brain Function and Pathology,” GIST, Korea,
March, 2016.

Invited talk, “Implantable Neurotechnologies for Building Brain and Nerve Interfaces,” KAIST, Korea,
March, 2016.

Keynote speaker, “Brain, Mind and Machines: Can they all work together?”, MEDICON, Paphos Cyprus,
March, 2016

Invited speaker, “Neuromodulation Symposium,” organized by the Institute for Engineering in Medicine,
University of Minnesota, April, 2016

Invited Lecture, “Neurophotonics by Laser Speckle Imaging and Phtoacoustic Imaging,” IEEE OMN, July
2016 (Singapore)

Invited Lecture/keynote: Media Tek Emerging Technology Forum. “Technology Linking Neurons-Brain-
Mind: Basic Science and Engineering to achieve Translation.” Singapore, October 4, 2016.

Invited Lecture: Singapore-Finland Research Seminar on Smart Innovations for Health and Education held

in Singapore, “Working Together: Brains and Machines,” 18™ October 2016.

Invited Lecture: IRCIE 2016, “Neurotechnology: Brains, Mind and Robots,” Johorbaru, Malaysia, 19"
October, 2016.

Plenary Speaker for the iBEC2016(international Biomedical Engineering Conf), Seoul, Korea, 11
November, 2016.

Invited participant, World Economic Forum, November 12"-14", 2016, Dubai, UAE.

Invited speaker, International Solid-State Circuits Conference, San Fransisco, January 2016; forum on Circuit,
Systems and Data Processing for Next Generation Wearable and Implantable Medical Devices “Implantable
Neurotechnologies for Electroceuticals: Integrating Micro/Nano, VLSI, Data/Power, Systems.”

GIAN Lectures, Government of India, New Delhi, February 25-March 3, 2017.

Co-Chair, “Optogenetics” at SPIE, San Fransisco, January 2017

Plenary talk, “Neurotechnology: from Cells to Cognition, Mind to Machines,” ICBE Conference, 10 Nov,
Seoul, Korea

Keynote, “Neuromodulation Symposium,” organized by the Institute for Engineering in Medicine,

University of Minnesota, April 13-14, 2017.

Invited speaker, PERSH Conference, Washington DC, February, 2017

Invited speaker, SRC Conference on Electronic Medicine, Washington DC, April, 2017.

Keynote speaker, 2" International Conferences for Innovations in Biomedical Engineering and Life

Science, Penang, Malaysia, December 10-13, 2017.

Invited speaker, "Brain-Tech Frontiers”, and “Cognitive Machines: Brains and Machines Working Together”
Shanghai University, December 14, 2017.

Invited Guest Lecturer, Government of India Global Initiative of Academic Networks (GIAN), “Advances in
Neurotechnology and Brain Machine Interfaces,” Indian Institute of Technology, Kharagpur, India, January 15-22,
2018.

Guest speaker, 13™ Annual Scientific Meeting, Neuromodulation Society of Australia and New Zealand, Sydney,
April 6-8, 2018.

Keynote speaker, IEEE NEMS, April 2018, Singapore.

Gordon Conference Invited speaker, “Advanced Health Care Informatics,” Hong Kong, June 16-22, 2018.
Plenary Speaker, “"Giving Prosthesis the Feeling! Biomimetic and Neuromorphic Sensors" IEEE SENSORS
2018 October 28™ — October 31* in New Delhi, India.

Invited speaker, Nature Conference on Flexible Electronics: Visions of Flexible Future, “Frontiers of
Neurotechnologies: from Cells to Brain and Mind, from Micro to Machines,” Xi’an, China October 12-15, 2019.



Invited speaker, “E-dermis: Multi-layer, multi-receptor tactile array with neuromorphic algorithms detects
texture, shape and provides a range of sensory perceptions Workshop: The First International Workshop on
Smart Skins, Technical University of Munich, Germany, November, 2018.

13™ Summer School, IEEE Engineering in Medicine and Biology Conference, Symposium on Medical
Devices and Sensors, June 23-24, 2018, Macau (declined due to schedule conflict).

Distinguished Lecturer, “Multimodality Functional Imaging of Brain Tumor and Stroke,” Cal Tech, January
30, 2019.

Invited speaker, “Frontiers of Neurotechnology and Brain Machine Interface,” AUS Symposium on
Biosciences and Bioengineering (SBSBE °10), Sharjah, UAE, Feb 23-25, 2019.

Inivited speaker, BioPro A+ workshop on Feb. 13th-17th, 2019. (BioPro A+ 2019), Taipei, Taiwan, March
14-16, 2019.

Distinguished Lecture, Center for Neuroprosthetics, EPFL, Geneva, Switzerland, April 16, 2019.

Keynote speaker, ICIBEL 2019 Conference on Innovation on Biomedical Engineering & Life Sciences,
Kuala Lumpur, Malaysia 6th — 7th December 2019.

Invited speaker, International Conference on Neurological Disorders and Therapeutics, NIPER-Ahmedabad,
India, 24-26 October 2019.

Invited talk at XXVII Brazilian Congress on Biomedical Engineering (CBEB2020). Vitoria (Brazil), 2020.



SPONSORED RESEARCH

Johns Hopkins University

Ongoing research support

Neuroengineering Training Grant

5T32EB003383 (X. Wang, PI; Thakor, Co-PI) 06/01/15 — 05/31/20 0 cal months
NIBIB $ 345,856 (yearly), $ 1,816,422 (total)
This is a training grant supporting predoctoral students from Johns Hopkins in department of
Biomedical Engineering, Electrical Engineering, Neuroscience, etc. and provide research and
training support.

Temporal-spatial mapping of human language networks

NIH — NINDS R01NS091139 (Crone, PI; Thakor, Co-I) 04/01/15 — 03/31/20 1.0 cal mo.
We use EEG recordings from the surface of the human brain to study the dynamics of brain
networks responsible for speech and language and to use these dynamics for functional mapping.

COLLAB: Scalable, Customizable Sensory Solutions for Dexterous Robotic Hands

1830444 NSF: NRI: (Thakor, PI; Kaliki, Co-I) 09/01/18 — 08/31/21 0.5 Cal mo.
$352,863 ($215,489

Direct $137,374 IDC)

The goal is to develop high density, scalable biomimetic sensors and the neuromorphic algorithms

for texture and shape recognition for prosthesis and robotic applications.

Translational Technologies for Ameliorating Brain Injury

NIH: 1 RO1 HL139158-01A1 (PI: Thakor; Kannan, Co-Pl) 09/01/18 — 08/31/22 2.0 Cal mo.
Total - $1,334,033 Direct $837,695 IDC

In a model of cardiac arrest associated brain injury, we propose to determine the therapeutic effects

of intranasal ORXA treatment on early neurophysiological recovery, cognitive and behavioural

outcome following post-CA coma, and dendrimer nanotherapy using dendrimer conjugated to N-

acetyl-Lcysteine (D-NAC) to reduce chronic neuro-inflammation, after resuscitation.

A Wireless Multi-function Microscope for Lifetime Imaging of the Brain Tumor Vasculome
NIH RO1CA237597  Pathak (PI) 04/01/2019-03/31/2024 1 Cal. Mo.
Budget: $250,000/year (direct costs)

The purpose of this project is to elucidate the role of these angiogenic and non-angiogenic pathways
on brain tumor progression and necessitates the development of imaging tools that can characterize
in vivo changes in the CNS vasculome over the entire lifetime of the disease

(Expected to get funded)

PENDING

Consequences of Cardiac Arrest: Brain Injury

2 R01 HLO71568-15 (Thakor, PI; Geocadin, Co-PI) 07/01/2019 — 06/30/2023  2~3 Cal mo.
Direct $ 1,771,688; Total $ 2,847,844

The goal of this project is to study the effects of brain injury after cardiac arrest. The central

hypothesis is that autoregulation is impaired, and this injury and recovery is studied using

EEG/electrophysiology, magnetic resonance perfusion, and behavior, and treatment is provided by

stimulation, ultrasound and pharmacology.

A Patient-driven Rehabilitation System to Improve Upper Limb Amputee Outcomes”
NIH SBIR Phase IIB (Kaliki, PI; Thakor Co-l) 12/01/2019 — 11/30/2021 0.5 Cal mo.



Direct $202,678; Total $ 325,103
Our goal is to implement an active coaching algorithmic components of the MyoTrain system for
upper limb prosthesis training and control. This includes implementation of the cluster separation
quantification algorithm, the pattern repeatability analysis algorithm, and to validate the functionality
of these algorithms.

Sensory Perceptions and Feedback in Upper Limb Prosthesis

1 R01 NS114012-01 (Thakor, PI) 12/01/2019 — 11/30/2023 2 Cal mo.
Direct $1,000,000; Total $ 1,543,967.00

This research program is highly applicable to enhancing the sensory capabilities of upper limb

amputees. Our goal is to provide enhanced sensory perception, for both improved motor control and

reduced discomfort. Our studies of pain perception and embodiment and cortical representations,

understanding the tactile perception and, eventually,assessing andmitigating phantom limb pain.

Targeted Muscle Reinnervation on Chip 4/1/2020-3/31/2022 0.5 Cal mo.
The goal of this project is to develop a microengineering chip for culturing neurons/axons for
regeneration and myoblasts to form muscle tubes. This project will demonstrate targeted muscle
reinnervation in vitro to model and mimic the in vivo conditions of nerve injury and regeneration and
restoration of muscle activity.

Investigation of the Cortical Communication (CORTICOM) System

NINDS — 1UH3NS114439-01 (PI: Crone, Co-I: Thakor) 12/01/2019 — 11/30/2024 0.6 Cal mo.
Summary: This early feasibility clinical trial will test the safety and efficacy of an implantable ECoG
BCI to restore communication to patients with Locked-In Syndrome.

Blood Flow Imaging for Minimally Invasive Surgery

NIH - PI: Rege, Abhishek; Pl of sub-contract) 01/01/20 - 12/31/20 0.5 Cal. Mo.
Budget: $71,738 (Subaward); Total Direct Costs: $199,963

This project, in collaboration with Vasoptic Medical, will test a retinal imager using laser speckle

imaging technology. The application will be blood flow imaging in brain, and testing will be done in a

small animal model.



National University of Singapore

Table 1: Project(s) Awarded

: o
SIN Name Pl/co Project title F: nding $ Dates % Effort
gency
1 Prof Nitish | Lead 25%
Thakor P CRP — Neuroprosthesis NRF 9,999,725 | 01/2014 to 12/2018
I
2 Prof Nitish Co-PI Amyotrophic Lateral Sclerosis GSK 702,162 11/2014 to 11/2018 5%
Thakor in NeuroChip
3 Prof Nitish Neuromorphic Tactile
Thakor PI Sensing’.’ A Paradigm .shift for QNRF 389,797 01/2015 to 1/2018 5%
prosthetics and Robotics
Surgery
4 Prof Nitish Surgical Photoacoustic 10%
Thakor Co-PI Nanotechnology (SPAN) NRF 7,284,970 | 6/2016 to 6/2021
5 Prof Nitish Contouring-fitting, high 5%
Thakor thermal conductivity and light
Co-PI weight hybrid fabrics for A*STAR 501,600 07/2017 to 3/2021
hypothermia treatment through
a hybrid manufacturing process
6 Prof Nitish A novel touch-based bilingual
Thakor intervention to stave off 5%
Co1 | cognitive decline in the elderly: | \ /g 773,558 | 04/2017 to 04/2020
the dual language intervention
in semantic memory-
computerized (DISC)
7 Prof Nitish Decoding Olfactory Cognition: 5%
Thakor PI Fragrance perception of loving | P&G 394,450 04/2018 to 04/2020
& portable sensor development
8 Prof Nitish Co-Pi Multi-lgvel Information DSO 497,400 04/2018 to 04/2020 5%
Thakor Processing
Table 2: Project(s) Completed
No. Name Role Project Title i;ggg’g ?Argng)e sted ?n':r?-%ecséic)l Duration
1 Prof Bioelectrics
Nitish PI Innovation GSK 260,000 03/2015 to 08/2015
Thakor Challenge Phl
2 Prof Dynamic 576,455
Nitish connectomics of
Thakor lower limb motor
Co-PI | cotez for YIOF ARE 12015 to 12/2017
ter 11
exoskeleton
robots
(DARTER)
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Multi-modal neural interfacing for prosthetic devices, SD Harshbarger, JD Beaty, RJ Vogelstein, NV
Thakor
US Patent 9,486,332

Electrode assemblies for detecting muscle signals in a prosthetic limb, RR Kaliki, N Malhotra, G
Singhal, NV Thakor
US Patent 8,591,599

Multi-channel neural signal amplifier system providing high CMRR across an extended frequency
range, KA Ng, YP Xu, YEN Shih-Cheng, NV Thakor
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Flexible neural strip electrodes, flexible neural ribbon electrodes and compartment based embedded
nerve tissue electrode interfaces for peripheral nerves, Z Xiang, Yen Shih-Cheng, C Lee, S Lee, NV
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Automated method and apparatus for determining characteristics of nerve fibers, D Cheung, CL
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US Patent 6,501,983

Implantable myocardial ischemia detection, indication and action technology, A Natarajan, NV Thakor
US Patent 7,277,745

Intraurethral continent prothesis, A Natarajan, NV Thakor
US Patent 6,638,208

Methods and devices for endoscopic imaging JM Wallace, A Natarajan, S Venkatesha, K Peacock, NV
Thakor
US Patent 7,744,528

Apparatus and methods for brain rhythm analysis, NV Thakor, A Bezerianos, F Al Hatib, H Al-
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US Patent 7,299,088
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Endoscopic imaging of an organ system, JM Wallace, S Venkatesha, K Peacock, NV Thakor, A
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US Patent 7,559,890

Methods and analysis for cardiac ischemia detection, H Zhang, N Thakor, J Wallace, A Natarajan
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15. Methods and devices of imaging and biopsy, JM Wallace, S Venkatesha, K Peacock, NV Thakor, A
Natarajan
US Patent App. 13/253,821

16. Implantable myocardial ischemia detection, indication and action technology, A Natarajan, N Thakor
US Patent App. 11/765,444
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US Patent App. 11/089,625
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US Patent 5,565,105
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US Patent 7,542,794

20. Implantable myocardial ischemia detection, indication and action technology, A Natarajan, NV Thakor
US Patent App. 12/573,055
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2. 15018N; PP/4960627 - The Fabrication And Use Of Silk Fiber Based Invasive Nerve Interface Electrode,
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Rasouli (Ph.D.), Aishwarya Bandla (Ph.D.)
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