About NA-MIC
NA-MIC is one of seven National Centers for Biomedical Computing (NCBC) that the NIH has initiated in order to develop and implement the core of a universal computing infrastructure that is urgently needed to speed progress in biomedical research. The centers have been tasked to create innovative software programs and other tools that enable the biomedical community to integrate, analyze, model, simulate, and share data on human health and disease.

NA-MIC is a multi-institutional, interdisciplinary team of computer scientists, software engineers, and medical investigators who develop computational tools for the analysis and visualization of medical image data.  The purpose of the center is to provide the infrastructure and environment for the development of computational algorithms and open source technologies, and then oversee the training and dissemination of these tools to the medical research community. This world-class software and development environment serves as a foundation for accelerating the development and deployment of computational tools that are readily accessible to the medical research community. The team combines cutting-edge computer vision research with state of the art software engineering techniques to enable computational examination of both basic neuroscience and neurological disorders. In developing this infrastructure resource, the team is significantly expanding upon proven open systems technology and platforms. One of the guiding principles of NA-MIC is a commitment to Free Open Source Software (FOSS); The alliance has adopted a BSD style open source license for its infrastructure software which allows research and commercial entities unrestricted access to build upon the NA-MIC platform.
The driving biological projects for NA-MIC include the study of autism, lupus, prostate cancer, VCSF, and schizophrenia, but the methods are applicable to many other diseases. The computational tools developed in NA-MIC are used to perform image-analysis at a range of scales, and across a range of modalities including diffusion MRI, quantitative ECG, and metabolic and receptor PET, but potentially including microscopic, genomic, and other image data. It applies to image data from individual patients, and to studies executed across large populations. The data is taken from subjects across a wide range of time scales and ultimately apply to a broad range of diseases in a broad range of organs. 

Mathematical models are the foundation of biomedical computing. To further our understanding of complex diseases, such as schizophrenia, Alzheimer’s disease, Lupus, or prostate cancer, we need complex models that encompass many factors – models of anatomy, morphology, function, interrelation of elements, as well as changes of each as the disease progresses. Although, clearly, these models will evolve from analysis of anatomical, pathological, and clinical data, such models are limited in scope, unless they also incorporate critical information that can best be derived from medical images. This is particularly true since images now encompass techniques beyond the visible light photograph and microscopic images of biology’s early years. Imaging, today, is better viewed as a collection of geometrically arranged arrays of data samples that measure an infinite range of information. Physical attributes such as tissue type can be derived from traditional imagery, but diverse other physical and physiological properties, such as time-varying hemoglobin deoxygenation due to localized changes in neuronal metabolism, or vector-valued water diffusion through and within tissue, are now also quantifiable with modern imaging techniques. The broadening scope of imaging as a way to organize our observations of the biophysical world has led to a dramatic increase in our ability to apply processing techniques and to combine multiple channels of data to instantiate sophisticated and complex mathematical models of physiological function and dysfunction. NA-MIC is dedicated to the advancement of medical image computing, and seeks to have a broad and significant impact on experimental, clinical biomedical, and behavioral research. 

It is not enough for image analysis efforts to demonstrate new scientific principles. These efforts must be converted into working systems that are easily used and accessed by scientific practitioners. NA-MIC is actively integrating the efforts of leading researchers with a shared vision for development and distribution of the tools required to advance the power of imaging as a methodology for quantifying and analyzing biomedical data. This shared vision is based on a thorough composition of computational methods, from image acquisition to analysis, that builds on the best available practices in algorithm development, software engineering, and application of medical image computing for understanding and mitigating the effects of disease and disability. 

NA-MIC Organization – A Distributed Center

Reflecting the community it serves, NA-MIC is a "distributed" center - a collection of scientists and engineers knit together by their desire to address the challenges articulated in the NIH NCBC program and commitment to collaborative endeavors.  Participants were invited to join based on their preeminence in a domain critical to the suite of tools we intend to evolve and distribute as well as their history of strong interaction with one or more members of the NA-MIC team.  Although core operations for this center are at Harvard, we are very comfortable and in fact pleased with the distributed nature of the partnership.   Like other projects large projects in which many of our team have participated (NPACI, BIRN, ITK, etc) the multiplicity of institutions allows us to bring expertise to the tasks at hand than are not found at any one or even a few co-located institutions.  Furthermore, this organization gives NA-MIC a national footprint and strengthens its ability to form a vigorous and diverse community of collaborators and users among the scientists engaged in addressing the driving biological problems.  To ensure the robustness of the support for the collaborations, we have enlisted the help of commercial entities with proven accomplishments in the application domain to manage tasks in service, dissemination, and software engineering; these companies are committed to provide professional service to the NA-MIC completely consistent with the Open Source goals of the NCBC, and their records of accomplishment show a long history of adhering to those goals.  Bringing this collection of talent together under the umbrella of a Distributed Center has allowed us to not only bring a richer set of scientific perspectives to bear on the problems, but to synthesize and integrate best practices from multiple sites in creating the NA-MIC software toolset.  
NA-MIC Organization

The Core structure of NA-MIC is shown in the figure below:  

[image: image1.png]Driving Biological Problem
B B ) B (Schizophrenia)
National Alliance for Medical Image Computing

3. Driving Biological
1. Algorithms Core 2. Engineering Core Projects Core

Requirements/
Fundamental | Requirements Industrial Feedback Study of

Technique S . Drivi
trenath rivin,
Development O,f?_r,'g,dvevg’feg Biologigal

for Image 3
/ Techniques/ and Software Hardware/ Problems
Analysis Software Software

\ {  Hardware/ /

Training Training Training QOutreach/
Materials, Soflware Materials Materials Feedback

v

, Training 5. Training Core 6. Dissemination Core
Providers of Materials ~ }

Computing r Training Research
Infrastructure 3 Providers of | Materials Outreach and
Training S Education (for
Materials Panel Sessions
and Conferences)

4. Service Core

Service to Extramural Community (Open-Source Software, Data, etc.

Project Management, Leadership,

Communication, and
Core Reporting Infrastructure I





NAMIC PI:  Ron Kikinis, MD. Director of Surgical Planning Laboratory, Brigham and Women’s Hospital (BWH), and Professor of Radiology, Harvard Medical School (HMS).  Dr Kikinis is a world-renown medical imaging scientist with applications in human diseases, especially in Schizophrenia. He is the PI of BIRN component at BWH site and the PI of Neuroimaging Analysis Center of NCRR.  He has extensive experience of directing large, complex projects.

Core 1 Computational Foundation: Core 1 is composed of five investigation teams: Massachusetts Institute of Technology (MIT), Massachusetts General Hospital (MGH), the University of North Carolina (UNC), Georgia Institute of Technology, and the University of Utah.  The PI for Core 1 is Dr. Ross Whitaker from the University of Utah. Core 1 aims to create, develop, integrate and deploy computation tools for the analysis and visualization of medical image data and associated data.

Core 2 Engineering: Core 2 is composed of investigator teams from GE Research and Development (GRC), University of California at Los Angeles (UCLA), University of California at San Diego (UCSD), Washington University at St. Louis (WUSTL), Isomics, and Kitware. The PI for Core 2 is Will Schroeder of Kitware. The role of Core 2 is to develop and deploy computational imaging science tools and software engineering methodology. NA-MIC has adopted the web-enabled, production quality development infrastructure used in ITK effort to curate source code and documentation and to release software programs and computational tools. 

Core 3 DBPS (round II): Starting with the 4th year of NA-MIC, the DBPs were shifted from schizophrenia to lupus, autism, velocardiofacial syndrome (VCSF), and prostate cancer. These DBPs now drive the computational research within NA-MIC.  Specifically: Drs. Jeremy Bockholt and Charles Gasparovi at the MIND Institute and the University of New Mexico  are analyzing brain lesions in Neuropsychiatric Systemic Lupus Erythematosis, Drs. Heather Hazlett and Joseph Piven at University of North Carolina, Chapel Hill are conducting a longitudinal MRI study of early brain development in Autism, Dr. Marek Kubicki at Harvard Medical School is investigating VCSF as a genetic model for schizophrenia, and Dr. Gabor Fichtinger at Queens University is developing a robotic percutaneous surgery system for treatment of prostate cancer.

Core 4 Service:  Dr. Will Schroeder of Kitware is responsible for this core to provide necessary computational and information infrastructure to serve the needs of the NA-MIC community of biomedical and behavioral researchers. This includes a secured repository of software tools and data that are immediately usable across a variety of platforms, in addition to a professional software release process that will allow users to easily and straightforwardly download and install the many software components necessary to participate in the community as developers and users.

Core 5 Training:  The function of the Training core is to provide an integrated educational program into all aspects of the NA-MIC project and to enhance the multi-disciplinary training experience for the next generation of biomedical scientists.  The Training Core is directed by Dr. Randy Gollub, together with Drs. Martha Shenton, Guido Gerig, and Ross Whitaker.  Dr. Gollub is Assistant Director of Psychiatric Neuroimaging at MGH and an Assistant Professor of Psychiatry at HMS.  She has over 15 years of research and teaching experience spanning cellular to systems level neurobiology.  She is responsible for developing the educational materials in basic and clinical neurosciences, functional neuroimaging, computational infrastructure, and image acquisition and analysis.  

Core 6 Dissemination: This Core disseminates newly developed computational tools and techniques to the broader biomedical imaging and clinical neuroscience research community.  The Co-PIs for the core are Tina Kapur, Ph.D. and Steve Pieper, PhD, who ensure dissemination through publications, workshops, presentations, outreach programs, and related efforts.

Core 7 Leadership: Providing a flexible yet effective administrative structure and project management function to ensure that NA-MIC achieves the goals, collaborative, and infrastructure building objectives is the responsibility of the PI, Ron Kikinis..

