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Scholarships/Academic Honors:
National Merit Scholarship Finalist, Full Academic Scholarship, Mississippi State University (4 years);

Graduate Assistantship, University of Mississippi; 

NIH Cellular-Molecular Biology Training Grant, Vanderbilt University;

NIH Pre-doctoral Research appointment;

Mississippi Rhodes Scholarship nominee; Vanderbilt University Churchill Scholarship nominee;

Scholastic honoraries: Journalism, Forensics/Debate, Computer Science

Professional Societies: 
Biophysical Society (Membrane Biophysics Subgroup);   Society for Neuroscience; Organization for Human Brain Mapping;

Association for Research in Vision and Opthalmology; Visual Sciences Society; IEEE/ EMBS;  Optical Society of America, SPIE;  Association for Computing Machinery 

Professional Service:

Review committees: NIMH, NCI SBIR; NCRR Instrumentation; NCRR Centers; NCI Phased Innovation; NIMH, Human Brain Project, Neural Interfaces; NIBIB: Medical Imaging; NSF; others; Brookhaven NL Life Sciences program Review committee;s  University of Utah Scientific Computing and Imaging Institute (External Advisory Board); participant, numerous P-Division reviews; Cognitive Science Lead, LANL BBCS Capability Review;

Journal Editor, Reviewer: Human Brain Mapping (Editorial Board, Associate Editor); Journal of Neuroinformatics (Editorial Board); Applied Optics (Feature Issue Editor); NeuroImage; Journal of Physiology; Journal of Neurophysiology; Nature; Nature Neuroscience; Journal of Neuroscience Methods: Journal of Neurology; Cerebral Cortex, Journal of Biomed. Optics; IEEE Trans. Biomed. Eng., others. (Reviewer) 

Conferences, Workshops, Symposia, Colloquia:  Toward a computational atlas of the human brain LANL, (Co-organizer);  Biomag 96 (Organizing committee);  MEG/EEG course, OHBM (Director, 3 yrs); LANL Physic/Theoretical Colloquium (Organizing committee, 5 yrs ; chair, 2 yrs);  Symposium on Neural Population Dynamics, OHBM (Organizer);  Physics of Neural Computation, LANL (Co-Director); OSA Topical Meetings in Biomedical Optics (Program chair, Co-Director); Grand Challenges in Neural Computation, LANL (Co-Director); Symposium: Neural Current Imaging by MRI, OHBM (Organizer);

Selected Invited Presentations :International Society for Brain Electromagnetic Topography (ISBET), Zurich, Switzerland;  Optical Imaging of Neural Function, Berlin, Germany;   Symposium on Functional Neuroimaging, Boston, MA;   Society for Neuroscience:  Symposium on Multi-modality Integration, New Orleans, LA; Society for Clinical Neurophysiology, New Orleans, LA;  ISBET, Adelaide, Australia;   Biomag 99, Sendai, Japan;  Association for Research in Vision & Ophthalmology, Symposium on Functional imaging in Vision, Ft. Lauderdale. FL;   Inst. For Neurology, Queen’s Square, London; Workshop on Neural Systems Modeling, Columbus, OH;  MIND Institute, Albuquerque, NM;   Symposium on MEG; Oxford.,UK;   MGH Martinos Center, Charlestown, MA;  American Society for  Mathematical Psychology, Irvine, CA; NIH Strategic Planning Workshops: Pediatric Neuroimaging, Sleep Studies, Neuroscience Collaboration, Human Brain Project, Washington DC;  DARPA Strategic Planning Workshop, CT2WS, Boston, MA;

Patents and Disclosures:

Scanned Computed Confocal Imager, U.S. Patent 6038067, issued 3/14/2000; other LANL disclosures: Multi-modal Data Acquisition and Control System; Temporal Stimulation Paradigms for Retinal Prosthesis;  Phased Array Stimulation for Retinal Prosthesis; Conformal Electrode Array for Visual Prosthesis;  High Speed en-face Optical Coherence Tomography;  Very Low-Field Functional MRI;  Virtual Pinhole Confocal Opthalmoscope with Synthetic Adaptive Optics; Encoding Scheme and Architecture for a Densely Interconnected Array of Neuromorphic Processors;
Research Support 

Current and Recent Support:

DOE: OBER
Mark Humayun (Doheny Retina Institute, USC),    
Role: LANL PI 

“Artificial Retina:  Development of an Implantable Intraocular Prosthesis”
1.7M, 5 years

Specific Aims: Develop electrode arrays and associated sensors, physical and information processing models, assessment technologies etc. for an electroneural prosthetic implant to restore vision in cases of retinal degeneration.

LANL LDRD-DR  
Luis Bettencourt (LANL)

Role:  Co-PI

Synthetic Cognition through Peta-scale models of the Primate Visual Cortex

3.9M, 3 yrs

Specific Aims:  To understand and implement the computational principles that enable high-level sensory processing in the human brain, in order to create a real-time synthetic cognitive system that approaches or surpasses human visual performance.

NIH
J.S. George
Role: investigator, PI

“Integrated Bayesian Analysis of MEG and fMRI”
170K, 5ys; 585K, 1yr, renewal 

Specific Aims: Develop a Bayesian method for integration of MEG and fMRI data, and explore the use of temporal correlation priors for neural electromagnetic source localization.

NIH
J.W. Belliveau (Harvard, MGH)
Role: collaborator  

“Spatiotemporal Imaging of Human Visual System Processing”
260K, 4 years

Specific Aims:  Evaluate/apply techniques for geometrically realistic forward calculations and advanced inverse procedures, combining MEG, EEG  and fMRI to study visual processing

DARPA
J.S. George
Role: PI

 “Very Low Field Functional MRI”
500K, 1 year

Specific Aims:  To develop a novel system for magnetic resonance imaging, employing SQUID based detection.

Pending:

NIH
J.S. George, K-M Lo (Resonance Research)
Role:  Co-PI

“Pulsed High-Field Magnet for Enhanced MRI at Ultra-Low Fields” 
pending 

NSF
G. Lazzi (NCSU) , J. Weiland (USC) , J.S. George

Role:  co-PI

“Computational Study of Bioelectromagnetic Stimulation of the Retina”

UCOP
S Klein (UCB), J.S. George

Role; co-PI

“Noninvasive Mapping of 

UCOP
M. Merzenich (UCSF), J.S. George

Role:  co-PI

“Cortical Networks and neural models for training and attention”

Previous Research Support (major awards):

Light Regulated Retinal Enzymes (NIH, postdoctoral investigator.);  
100K, 1982, 2 years

Laboratory Renovation and Facilities Upgrade (DOE/LANL, Proj. Mgr.)
500K, 1983, 1 year

Neural Mechanisms in Speech Comprehension (LANL, PI);  
525K, 1984, 3 years

Biological Effects of Weak Electromagnetic Fields (LANL, PI);   
450K, 1984, 3 years


Magnetoencephalography, Technical Development Program (DOE, investigator); 
320K, 1985, 4 years

Applications of Neuromagnetic Measurement Techniques (DOD, investigator); 
300K, 1985, 2 yr

Neural Network Model of the Primate Visual System (LANL, co-PI);  
450K, 1987, 3 years

Imaging of Neural Function (LANL, PI);   
525K, 1987, 3 years

Brain Topology Project (LANL, co-PI);  
600K, 1989, 2 years

Neuromagnetic Mapping of Multiple Visual Areas in Humans (NIH, Investigator); 
300K, 1990, 3 years

Human Brain Mapping (LANL, co-PI); 
240K, 1992, 4 years


Mapping Brain Function by Anatomical and Functional MRI and MEG  (NIH, PI);   
2.36M, 1995, 5 years


Confocal Spectroscopic Imager for Endoscopy  (DOE, PI);  
600K, 1997, 3 years

NIR Time-Resolved Imager  (DOE, PI),  
750K, 1997, 3 years

MRI system development  (DOE, LANL, PI)
550K, 1998, 2 years
Advanced MRI: A Novel Diagnostic Technique for Emphysema (DOE, PI),  
150K, 2000,1 year

Time-Resolved Photon Migration Imaging and Spectroscopy (LANL, PI), 
660K, 2000, 3 years

Optical Studies of Neural Function in Early Vision: 

     Dynamic Imaging and Characterization of Intrinsic Responses (LANL, PI);  
510K, 2000, 3 years

Virtual Pinhole Confocal Microscope (NIH, SBIR, co-PI);  
850K, 2000, 4 years

Multi-modality Imaging of Human Brain Function (DOE/MIND Institute)  

    Subproject 1:  Physiological Monitoring Systems for MRI and MEG (PI),  
140K, 2001, 1 year

    Subproject 2: Parallel Comp. Models for Functional Neuroimaging (co-PI),   
320K, 2002, 2 years

    Subproject 3: Mechanisms of Neural Optical Responses (co-PI); 
300K,  2002, 2 years

Imaging Neural Activation Dynamics with MRI (MIND, PI)  
200K, 2003, 1 year
Advanced Optical Imaging Probe for Neurophysiology (NIH, Investigator.), 
100K, 2003, 2 years

Note:  Funding amounts listed are totals for the years indicated.  For investigator or collaborator roles, personal support is listed.  For PI or Co-PI roles, project totals are listed.

Recent Large Proposals:

DARPA:  High Performance MEG and MRI Imaging at Very Low Field   (PI, $18M, 4 yr)

DARPA:  Cognitive Technology Threat Warning System:  Sensory Enhancement System for the Warfighter (PI, $26M, 3 yr)

DARPA: Active Interconnects for a Scalable Neuromorphic Architecture:  Foundation for an Intelligent Machine  (co_PI,  $142M, 6 yr)

SciDAC:  Center for Advanced Neural Simulation   ((PI, 6M, 3 yr)

Other Work Experience:

1975-76

Univ. of Miss. Computer Center



Director, User Consultant Staff

1975

Yazoo: Legends and Legacies (ed. Pritchard and DeCell
Photographer

1973

Wakeman and Martin,  AIA



Architectural draftsman

1968-72

Eagle Scout; Council Camp Staff;  National Camping School
Instructor, Program area director

Peer-reviewed Publications
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J.S. George, C.J. Aine, and E.R. Flynn, Neuromagnetic studies of human vision: noninvasive characterization of functional architecture.  Physica D, 42: 411-427, (1990). 
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George, J.S., P.S. Lewis, D.M. Ranken, L. Kaplan, and C.C. Wood. Anatomical Constraints for Neuromagnetic Source Models. SPIE: Medical Imaging V - Image Physics, 1443:37-51 (1991).
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George, J.S., J.D. Lewine, A.S. Goggin, R.B. Dyer, and E.R. Flynn. IR thermal imaging of a monkey's head: local temperature changes in response to somatosensory stimulation.  In: U. Dirnagel, A. Villringer, K.M. Einhaupl (eds.), Optical Imaging of Brain Function and Metabolism, Adv. in Experimental Medicine and Biology, 333:125 (1993).

Ranken, D. and J. George. MRIVIEW: An interactive computational tool for investigation of brain structure and function.  IEEE Visualization ‘93 (G.M. Nielson and D. Bergeron, eds.), IEEE Computer Society Press, 324-332 (1993).

Aine, C.J., S. Supek, and J.S. George. Temporal dynamics of visual-evoked neuromagnetic sources: Effects of stimulus Parameters and Selective Attention. Int. J. Neuroscience 80:79-104 (1994).

George, J.S., J.S. Sanders, J.D. Lewine, A. Caprihan, and C.J. Aine. Comparative Studies of brain activation with MEG and funtional MRI.  Biomagnetism: Fundamental Research and Clinical Applications, C. Baumgartner et al. (eds.), Elsevier/IOS, Amsterdam, 60-65 (1995).

George J.S., P.S. Lewis, H.A. Schlitt, L. Kaplan, I. Gorodinitsky, and C.C. Wood. Strategies for source space limitation in tomographic inverse procedures. In: Biomagnetism: Fundamental Research and Clinical Applications, C. Baumgartner et al. (eds.), Elsevier/IOS, Amsterdam, 1995, 357-362.

Gorodnitsky, I., J.S. George, B.D. Rao. Neuromagnetic source imaging with FOCUSS: /a recursive weighted minimum norm algorithm. Electroenceph. Clin. Neurophysiol., 95:231-251.(1995)
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Aine, C.J., S. Supek, J.S. George, D.M. Ranken, J. Lewine, J. Sanders, E. Best, W. Tiee, E.R. Flynn, and C.C. Wood, Retinotopic organization of human visual cortex: Departures from the classical model. Cerebral Cortex, 6:354-361 (1996).

Mourant, J.R., Hielscher, A.H., Miller, H.D., and George, J.S., Broadband Monitoring of Physiological changes with a continuous light tissue spectrometer.  OSA TOPS on Biomedical Spectroscopy and Diagnostics Sevick_Muraca and Benaron, eds.  3: 37-42 (1996) 

Schmidt, D.M., J.S., George, S.I., Penttila, A. Caprihan and  E. Fukushima, Diffusion Imaging with Hyperpolarized 3He Gas, J. Mag. Res.129 (1997).  

George, J.S., D.M. Schmidt, J.C. Mosher, C.J. Aine, D.M. Ranken, C.C. Wood, J.D. Lewine, J.A. Sanders, and J.W. Belliveau. Dynamic neuroimaging by MEG, constrained by MRI and fMRI. In: C.J. Aine, E.R. Flynn, Y. Okada, G. Stroink, S.J. Swithenby, and C.C. Wood (eds.), Biomag96: Advances in Biomagnetism Research, Springer-Verlag, New York. pp. 134-137  (1999)

Schmidt, D.M. and. George, J.S.  A method for locating regions containing neural activation at a given confidence level from MEG data.  In C.J.Aine, E.R. Flynn, Y. Okada, G. Stroink, S.J. Swithenby, and C.C. Wood (Eds). Biomag96: Advances in Biomagnetism Research, Springer-Verlag, New York, 334-337 (1999).

Schmidt, DM; George, JS; Wood, CC. Bayesian inference for neural electromagnetic source localization: Analysis of MEG visual evoked activity Proceedings of SPIE.  3661(I).408-419 (1999)
Schmidt, D.M., J.S. George, C.C. Wood. Bayesian Inference applied to the electromagnetic inverse problem.  Human Brain Mapping 7:195-212 (1999).

Rector, D.M., Rogers, R.F. and George, J.S. A focusing image probe for assessing neural activity in-vivo. J. Neurosci. Meth., 91:135-145, (1999). 
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Rector, DM; Rogers, RF; George, JS.  High speed Imaging of scattered light signals that track the neural electrical response.  Proceedings of the Inter-Institute Workshop on In Vivo Optical Imaging at the NIH. A. Gandjbakhche, ed., OSA. .38-42 (2000)
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Rector, D.M., Rogers, R.F., Schwaber, J.S., Harper, R.M. and George, J.S., Scattered light imaging in vivo tracks fast and slow processes of neurophysiological activation . Neuroimage. 14: 977-994 (2001)
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Rector, D.M., Ranken, D.M., George, J.S.  High-Performance Confocal System for Microscopic Applications. Methods. 30(1): 16-27  (2003)

Kenyon, GT; Moore, B; Jeffs, J; Denning, KS; Stephens, GJ; Travis, BJ; George, JS; Theiler, J; Marshak, DW. A model of high-frequency oscillatory potentials in retinal ganglion cells. Visual Neuroscience; 20(5): 465-480 (2003) 
Carter KM, George JS, Rector DM.  Simultaneous birefringence and scattered light measurements reveal anatomical features in isolated crustacean nerve. J  Neurosci Methods. May 30;135(1-2):9-16, (2004).

Kenyon, G.T., B.J. Travis, J. Theiler, J.S. George, G.J. Stephens, and D.W. Marshak, “Stimulus-specific oscillations in a retinal model,” IEEE Transactions on Neural Networks 15, 1083–1091 (2004).

Kenyon, G.T., D. Hill, J. Theiler, J.S. George, and D.W. Marshak, “A theory of the Benham Top based on center-surround interactions in the parvocellular pathway,” Neural Networks 17, 773–786 (2004).

Kenyon, G.T., J. Theiler, J.S. George, B.J. Travis, and D.W. Marshak, “Correlated firing improves stimulus discrimination in a retinal model,” Neural Computation 16, 2261–2291 (2004).

Matlachov, A.N., P.L. Volegov, M.A. Espy, J.S. George, and R.H. Kraus, “SQUID detected NMR in microtesla magnetic fields,” Journal of Magnetic Resonance 170, 1–7 (2004).

Volegov, P., A.N. Matlachov, M.A. Espy, J.S. George, and R.H. Kraus, “Simultaneous magnetoencephalography and SQUID detected nuclear MR in microtesla magnetic fields,” Magnetic Resonance in Medicine 52, 467–470 (2004).

Yao, X-C, Yamauchi, B. Perry and JS George. Rapid optical coherence tomography and recording scattering changes from activated frog retina. Applied Optics. 44:2019-2023 (2005).

Yao, X-C, A Foust, DM Rector, B Barrowes, JS George, Cross-polarized reflected light measurement of fast optical responses associated with neural activation. Biophysical Journal 88:4170-4177 (2005)..

Rector, DM, KM Carter, P Volegov, JS George. Spatio-Temporal Mapping of Rat Whisker Barrels with Fast Scattered Light Signals.  Neuroimage, 26(6):619-627 (2005)

Yao,XC and JS George. Fast optical recording of light-flash evoked neural activation in amphibian retinas. Proc. SPIE 5920, 592013-1-6, (2005)

Jun,SC,  J. S. George, J. Par´e-Blagoev, S. M. Plis, D. M. Ranken, D. M. Schmidt, and C. C. Wood, “Spatiotemporal bayesian inference dipole analysis for MEG neuroimaging data,” NeuroImage, 28:84–98, (2005).

Yao, XC, George, JS. Optical imaging of fast light-evoked fast neural activation in amphibian retina. Proc: of the SPIE; 6078(1): 457-64 (2006)

Yao XC, and J.S. George. Dynamic neuroimaging of retinal light responses using fast intrinsic optical signals. Neuroimage. 33(3):898-906 (2006)

Yao XC., and J.S. George. Near infrared imaging of fast intrinsic optical responses in visible light-activated amphibian retina".  Journal of Biomedical Optics.  1(6) (2006) 

Miller, J., Denning, K.S., George, J.S., J., Marshak, D.W., Kenyon, G.T., A high frequency resonance in the responses of cat retinal ganglion cells to temporally modulated stimuli: A computer model, Visual Neuroscience, 23:779-794 (2006)

Stephens, GJ, George, JS, Theiler, J, Marshak, D, Neuenschwander, S, Singer, W, Kenyon, G., See Globally, Spike Locally: Oscillations in a Retinal Model Allow Fast, Local Encoding of Visual Features. Biol. Cybernetics 95(4):327-48 (2006) 

Jun, SC; George, JS; Plis, SM; Ranken, DM; Schmidt, DM; Wood, CC. Improving source detection and separation in a spatiotemporal Bayesian inference dipole analysis  Physics in Medicine and Biology, v51(10,):.2395-2414 (2006)

Perry, BH and JS George.  Dopaminergic modulation and rod contribution in the generation of oscillatory potentials in the tiger salamander retina  Vision Research, 47(3):309-314 (2007)

Plis, SM; George, JS; Jun, SC; Pare-Blagoev, J.; Ranken, DM; Wood, CC; Schmidt, DM. Modeling spatiotemporal covariance for MEG or EEG source analysis. Physical Review E  75(1):11928-1-1 (2007)
Heller, L., Barrowes, B, George, JS.  Modeling Direct Effects of Neural Current on MRI,  Human Brain Mapping  (in press)

Plis S, George, JS, Jun SC, Ranken DM, Volegov PL, Schmidt DM, Probabilistic Forward Model for EEG Source Analysis Physics in Medicine and Biology 52:5309-5327 (2007)
Jun, SC; George, JS;  Kim,W, Pare-Blagoev, J,  Plis, SM; Ranken, DM; Schmidt, DM; Bayesian Brain Source imaging based on  combined MEG/EEG and fMRI using MCMC.. Neuroimage 40(4): 1581-1594 (2008).
Perry, BH and JS George. Contribution of glutamatergic and GABAergic synapses in the generation of oscillatory potentials in the mesopic tiger salamander retina.  (in revision) 

Yao XC., and J.S. George. Spatiotemporal imaging of retinal light responses using fast intrinsic optical signals. (Submitted)

Invited Chapters:

C.J. Aine, I.  Bodis-Wollner,  and J.S.George. Generators of visually evoked neuromagnetic responses: Spatial frequency segregation and evidence for multiple Sources.  (S. Sato Ed.) Magnetoencephalography: Clinical application and comparison with EEG.  Raven Press, 141-155,(1990).  

Rector, D.M., Harper, R.M., George, J.S..  In-Vivo Observations of Rapid Scattered Light Changes Associated with Electrical Events, in Methods for In Vivo Optical Imaging of the Central Nervous System  Frostig, ed. CRC Press (2002)  

George, J.S. Schmidt, D.M. Rector, D.M., and Wood, C.C.  Dynamic functional neuroimaging integrating multiple modalities.  Functional MRI: an Introduction to Methods. Jezzard, Matthew, Smith eds. Oxford, pp 353-382 (2001).

George, J.S.  Event-Related Neural Responses, Encyclopedia of the Human Brain. Academic Press (2002).

George, J.S.  Casting Light on Neural Function: A Subjective History:  Imaging the Brain with Optical Methods Roe, ed. (in preparation)
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George, JS.  Mechanism of  cGMP-stimulated Calcium uptake by ROS disks.  Biophysical Journal, 51(2)pt.2, p.A272  (1987)

George, JS, Fowler, JC. A calcium transient is associated with hippocampal slice excitation. Biophysical Journal 53(2) pt.2,A560 (1988)

George, JS, Fowler, JC. Intensified video imaging of neural population activity. Society for Neuroscience Abstracts; 16(1):55 (1990)

George, JS, Fowler, JC, Ranken, DM.  Imaging the calcium transient associated with hippocampal slice excitation. Biophysical Journal 53(2) pt.2,A131 (1990)

George, JS.  Ratio Imaging of emission shift fluorescent indicators.  Biophysical Journal; 59(.2):pt 2, p.A156 (1991) 

George, JS; Jackson, PS; Ranken, DM; Flynn, ER. Three-dimensional display and reconstruction for neuromagnetic source localization.  Proc. IEEE EMBS,; (4).1221-2 vol.4 (1989)

Gorodnitsky, I.; George, JS; Schlitta, HA; Lewis, PS. Weighted linear estimator procedures for neuromagnetic sources reconstruction.  Society for Neuroscience Abstracts. 18(1-2):.333  (1992)

Lewine, JD; Sanders, JA; George, JS; Astur, RS; Orrison, WW. Analysis of motor function by MEG, MRI and TMS. Society for Neuroscience Abstracts (9(1-3), p.1209  (1993) 

George, JS; Aine, CJ; Sanders, JA; Lewine, JD; Baker, J.; Belliveau, JW. Studies of visual activation with MEG and functional MRI   Society for Neuroscience Abstracts; 19(1-3)335 (1993) 

George, JS; Aine, CJ; Mosher, JC; Schlitt, HA; Wood, CC; Lewine, JD; Sanders, JA.  Studies of human vision combining MEG and anatomical and functional MRI.  Society for Neuroscience Abstracts; 20(1-2)1577  (1994)

Hielscher, AH; Alcouffe, RE; Hanson, KM; George, JS. Comparison of finite difference transport and diffusion calculations for photon migration in homogenous and heterogeneous tissues.  OSA Trends in Optics and Photonics and  Advances in Optical Imaging and Photon Migration. Topical Meeting, 2: 55-9 (1996),

George, JS; Rector, DM. A novel confocal microscope for dynamic imaging of neural function.  Society for Neuroscience Abstracts; 7(2): 1582 (2001) 

Stephens, GJ; Theiler, J.; George, JS; Kenyon, GT.  Spike-timing correlations permit real-time discrimination between contiguous and isolated visual features in a retinal model. Society for Neuroscience Abstracts 2002:Abs 556.13 (2002) 

Yamauchi, AM; Rector, DM; George, JS.  Random vs regular stimulation paradigms in scattered light imaging experiments. Society for Neuroscience Abstracts 2003 Abs. 692.9  (2003) 

Students and Postdoctoral Fellows Supervised:

Note:  LANL has several mechanisms for support of students working and conducting research at the Laboratory:   the Undergraduate Student (UGS) appointment;  Post-Baccalaureate (PB, after graduation but before graduate school);  Graduate Research Assistant (GRA, enrolled in a graduate degree program).  Postdoctoral appointments may be supported by the lab in a highly competitive process (Post-Doctoral Fellow, PDF), or supported by programmatic research funding (Post-Doctoral Research Assistant, PDRA).  All Los Alamos research scientists are appointed as Technical Staff Members (TSM).  The table lists for each individual, the Appointment Type, Highest academic degree (to date), and Subsequent/Current Positions

Dennis Hjeresen 
PDRA 
(PhD, Univ. Wash)
LANL TSM; Program Manager

Karen Grace
GRA
(MS, EE, U NM)
LANL TSM

Doug Ranken
GRA
(MS,  CS, U NM)
LANL TSM

Paul Rich
GRA
(PhD, Bio, Harvard)
Prof. U KS;  LANL TSM

Cheryl Aine
PDF
(PhD, Neurosci, UCLA) 
LANL TSM; Prof. UNM

Paul Jackson
UGS
(MD, PHD, Harvard)
Prof. Stanford; Private Practice 

John Fowler
PDRA
(PhD, Neurosci, UNM)
Prof., Texas Tech

David Schmidt
PDRA
(PhD, Physics, UC SC)
LANL TSM; Deputy Group Ldr.

David Rector
PDF
(PhD, Neurosci. UCLA)
LANL TSM; Prof, Wash. St. U.

Enrique Claverol
PDRA
(PhD, Neurosci, U Sussex)
Cajal Fellow, U. Barcelona

Angela Yamauchi
PDRA
(PhD, BME, UU)
Industrial R&D, WC Gore Co.

Garrett Kenyon
PDRA
(PhD, Physics, U. Wash)
LANL TSM

David Tuch
GRA
(PhD, Nuc. Engr., MIT)
Instructor, Harvard(MGH);  Pharm. R&D

Omri Schwarz
GRA
(MS, BME, MIT)
Research Staff, MIT

Xincheng Yao
PDRA
(PhD,  China)
LANL TSM; Prof.  U A Birm.

Beth Perry
GRA
(PhD, UNM)
LANL TSM

Corinne Teeter
PBS
(BS, Phys, U Wash)
PhD Cand., Neurosci, UCSF

Ben Barrowes
PDF
(PhD, EE, MIT)
Res. Sci.  DOD Res. Lab

Karlene Maskaly
PDF
(PhD, Mat. Sci., MIT) 
PDRA, LANL

Derek Barnes
GRA
(MS, EE, NMSU)
PhD Cand. EE,  NMSU

Tuba Sahin Owens
GRA
(MS, BME, Dartmouth)
PhD Cand, EE, UNM

Recent Supervision:

Maskaly, PRF, PRA, (Sponsored postdoctoral package)

Ham,  PRA,  (Postdoctoral Package in process)

Urbaitis, principal technician/engineer with MRI project

Sahin, GRA working on optical imaging projects

Peters, TEC with responsibility for MRI cryogenics

Ranken,  TSM  CSS working on Brain Imaging

Jun, TSM (LT)  Bayesian Inference

Plis,  GRA  Bayesian Inference

Savukov,  PRF (SQUID team) 

External Collaborations: 

Jurgen Schmidt (LANL, B)

Mark Hoffbauer (LANL, CINT)

James Maxwell (LANL, IAT)

Murat Okandan (Sandia)

Gianluca Lazzi (NCSU)

James Weiland (USC, Doheny)

Jack Belliveau (Harvard, MGH)

Fa -Hsuan Lin (Harvard,  MGH)

David Rector (WSU)

Yoshio Okada (UNM)

Stefan Posse (MIND)

Cheryl Aine  (UNM)

Julia Stephen (MIND)

Greg Simpson (UCSF)

Xin-Cheng Yao  (UAB)

Pamela Abshire (UMD)

Eric Vogel (UTD)

External Commercial:

Don Tucker (UOR, Electrical Geordesic Inc/

Piotr Starewicz  (Resonance Research)

Appendix:  Narrative Summary of Research Goals and Accomplishments

A consistent theme throughout my professional career has been a broad interest in the mechanisms and processes of visual perception. My early fascination with drawing, and subsequent interests in painting, photography, and engineering and architectural visualization led to studies of the nature and optical basis of perspective and form vision, and of color perception.  When I began undergraduate studies at Mississippi State University. I planned to study biomedical engineering in order to build a “bionic eye”, but upon first exposure my academic interest shifted to computer science  

After graduating, I joined to staff of a University of Mississippi computer center, intending to prepare for medical school, but several experiences inspired my interest in scientific research. Vanderbilt University provided the opportunity and support to begin studies of physiology, in spite of my still-limited background in the life sciences. During my first year in graduate school I wrote a paper on the neural basis of vision. I was most intrigued by the studies of Hubel and Wiesel describing the encoding and processing of visual information.  However, the process of visual transduction was a fascinating and major unresolved scientific issue, which was much more consistent with my department’s emphasis on membrane ionic transport processes and second messenger systems. I contacted WA Hagins, one of the world’s leaders in the field, which lead to an invitation to conduct my dissertation research at NIH.  During my years at NIH, I explored the roles of calcium and cGMP in visual transduction. We produced strong evidence for a direct role for calcium in the transduction process, and described mechanisms by which cGMP could influence the transport of calcium by organelles within the photoreceptor.  In the decades since, the biochemical cascade of the transduction process has been well characterized, but recent evidence has cast new doubts on what had become the standard model of visual transduction.  

I considered postdoctoral offers at Harvard and Stanford, but decided to join Mark Bitensky, (then at Yale) who had been selected to lead the Life Sciences division at Los Alamos National Laboratory. I initially planned to explore my interest in electroneural interfaces while continuing my work in visual transduction.  However, shortly after my arrival at Los Alamos I had the opportunity to help build a program of studies of human brain function based on an emerging technology, magnetoencephalography (MEG).  This approach promised the prospect of noninvasively localizing as well as tracking the dynamics of neural activity, and offered me an opportunity to begin studies of visual information processing by the human brain.  In addition to developing technology and methodology for experimental studies by MEG, I became heavily involved in the computational analysis and modeling required to interpret the data.  When MRI data became available in digital form we pioneered techniques to localize neuromagnetic sources with respect to individual brain anatomy.  We employed these methods to study encoding and processing in the human visual system, probing the dynamics of activation in multiple visual areas, studying differential processing of spatial frequency and contrast by the major processing streams of the visual system, investigating the effects of visual attention to different classes of stimulus features, and exploring the spatial representation of the visual field in primary and secondary visual areas.

An early encounter with Jack Belliveau at Harvard helped us to become one of the first groups to demonstrate the feasibility of functional MRI using standard clinical imaging equipment, at the VA medical center in Albuquerque. We subsequently pioneered the development and application multi-modality techniques to computationally integrate data from anatomical MRI, functional MRI or PET, and MEG or EEG. We have continued to develop these techniques, recasting the methods into a more powerful and mathematically rigorous probabilistic framework based on Bayesian Inference.  We have worked to improve the resolution and accuracy of multi-modality functional imaging techniques and to extend the methods for analysis of single pass responses.

Although multi-modality techniques can greatly increase the power of noninvasive functional neuroimaging, such methods have significant shortcomings. Most significantly, there is an uncertain and ill-defined correspondence between foci of neural activation disclosed by hemodynamic and macroscopic electrophysiological techniques.  In principle, magnetic resonance techniques are sensitive to the local changes in magnetic field produced by active neurons. Such methods could enable tomographic imaging of neural currents, addressing the most serious limitations of techniques such as MEG and EEG.  Partly to explore this possibility, I lead the development of a research MRI system at Los Alamos. However, our theoretical analysis predicts that the signals on the edge of what can be detected by conventional MRI technology. Our analysis also suggested a number of potential advantages of MRI measurements at low field. By employing a strong pulsed field to polarize spins, suitable field and gradient manipulations to enable imaging, and SQUID-coupled sensors for enhanced sensitivity we can enjoy the important technical advantages of detection at low field while insuring adequate signal for high quality imaging. 

We showed that this approach allows MEG and MRI measurements with the same instrument, which could greatly advance the diagnosis of neurological disease or traumatic brain injury and enable new approaches to basic research questions.  This technology may enable smaller, lighter and less expensive imaging systems providing advanced diagnostics for less advanced regions of the world and for challenging environments such as the battlefield.  I also believe that this approach offers the most promising path toward tomographic imaging of neurophysiological activity.

Although much of my research career has focused on imaging of neural activation dynamics at the level of cortical areas, my principal scientific motivation is to understand neural processing in terms of the coordinated activities of cells and of networks.  This motivated my exploration of the use of optical techniques to image dynamic responses in neural tissue.  Our early studies with Fura II (applied as a membrane-permeant chemical derivative) demonstrated a fast calcium transient associated with postsynaptic potentials in electrically stimulated hippocampal slices. While we achieved video rate imaging of the signal with an intensified camera, our labeling technique limited the scientific utility of the method.  

Given my interest in monitoring large populations of cells, we pursued an alternative strategy based on fast intrinsic changes in light scattering and birefringence that are tightly coupled with neural electrophysiology.  We demonstrated the feasibility of imaging these signals in the brainstem and in rat somatosensory (whisker barrel) cortex using novel image probes. In addition to visualizing the expected functional architecture, these studies showed that the optical signals could track oscillatory electrophysiological activity at very high frequencies (500-600 Hz).  Motivated by a desire to study a system where we had techniques and sufficient knowledge to map and model the function and architecture of the underlying circuit, we initiated studies in the isolated retina, using near infrared light to visualize function and visible light to stimulate activity.  With a series of technical improvements we have recently achieved the ability to detect physiological responses in single cells, in single passes. Our studies to date have disclosed anticipated structure as well as unexpected spatiotemporal dynamics in the retinal physiological response.  Our success in detecting such changes in reflectance mode (e.g. with Optical Coherence Tomography), coupled with advances in retinal imaging (e.g. by adaptive optics and confocal imaging) suggest that these methods will eventually be applicable for studies of retinal processing in human subjects. 

In addition to these demonstrations and early neuroscience studies, we have undertaken investigations to characterize the biophysical basis of the fast optical response. We have produced several lines of evidence suggesting that the fast changes in light scattering and birefringence are due to cellular swelling and shrinking due to transmembrane water movements driven by the flow of ions in the neuronal electrical response.

Our experience with optical imaging and modeling of retina has led to my involvement in a consortium of academic institutions, national laboratories and a small business to develop a prosthetic implant to electrically stimulate retinal neurons, restoring limited vision to patients with blindness due to photoreceptor degeneration.  We employ optical imaging, electrode arrays, and computer models to study the encoding and processing of information by physiological stimulation, and to characterize the response of retinal neurons to electrical stimulation.  Our initial objectives are to optimize device geometries and stimulation protocols for better resolution and lower power. We eventually hope to optimize strategies for neural information encoding, in addition to facilitating the development of\ a high-density neural electronic interface. This project provides a unique model system (with human subjects in the loop) to explore encoding of information by the early visual system, as well as the ability of higher systems to adapt to altered patterns of input.

Attempting to understand the function of large, complex, dynamic systems is an ambitious task. The component subsystems span a tremendous range of spatial and temporal scales and functional roles.  Our integration strategy has been to develop computational models of the relevant neural networks, with sufficient detail to capture the function or behavior of interest. For unknown parameters we often explore the space by variational techniques, in order to choose reasonable values, to explore the consequences of variations and to assess the sensitivity of the model. Eventually we anticipate that the Bayesian inference techniques we have developed for analysis of MEG and EEG data and for multi-modality integration can be extended for this purpose. 

Recent computational studies with Garrett Kenyon have focused on the putative role of synchronized oscillations in representation and processing of visual information in retina and primary cortical areas. By incorporating theoretical or empirically based models of the processes that give rise to observable signals we hope to enable the computational linkage of neural systems models to experimental data.  Our goal is to optimize systems models to quantitatively account for experimental observations, and to then employ models to make predictions of experimentally observable behavior.  An ultimate objective is to discover the principles of dynamic neural computation, in order to endow synthetic systems with the perceptual capabilities of biological neural systems.
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