Retrieving Dynamic Brain Images By Their Content

Dynamic brain images, datasets of several hundred megabytes each, are a rapidly growing potential resource for biological and clinical research. They are generally difficult to access because there is currently no system to support content-based retrieval. The proposed research will develop new techniques for representation, organization and retrieval of dynamic brain images. All analytical tools developed will be made available as open-source to others via the web.

A practical research goal of the project is to support a new kind of “Query by Example” access to archives of space-time brain images, usable for research and, eventually, for clinical studies, diagnosis and treatment.  Access to brain imaging archives is now limited to non-image based metadata, which omit critical issues of spatial localization and temporal dynamics. In the proposed model, such metadata will complement the algorithmic indexing of dynamic brain images, supporting the discovery of unexpected functional relationships and brain processes. This project will help to make neuro-imaging analysis tools available to clinical and industrial investigators who are best positioned to adapt new methods to applied domains.

Research foci include: (1) effective schemes for indexing and retrieving brain image data sequences; (2) novel representations of brain activity as scalar fields, vectorized representations, and graphical representations; and (3) additional models of the relation between brain (cognitive) activity and fMRI datasets. This work builds on previous work that has shown the potential of retrieving brain images for corresponding cognitive tasks, from a set of nearly 1000 image sequences by (a) reducing complex space-time fields to tree structures (Silver, Dickinson, Shokoufandeh); (b) indexing tree structures for the storage and retrieval of (2-dimensional) images (Dickinson, Shokoufandeh); (c) improving retrieval performance by using data fusion techniques (Kantor); and (d) conducting pilot studies of the complete reduction, indexing and retrieval problem (Kantor, Silver, Shokoufandeh, Dickinson, Strother, Cohen, Haxby), using both complex data on very high level processes (Cohen, Haxby), and many available datasets on lower level processes (Strother). Several complementary models for understanding and indexing the space-time development of a cognitive process have been developed in previous work, and they will be further developed, in the proposed research.

In sum, the research combines data (from a variety of archives and collaborators); theory (development of a variety of representation and indexing techniques for the 4-dimensional space-time situation); experimentation (on-going experiments intended to support indexing and retrieval); practice (development of visualization tools that can be used by all to access data, and can be adopted by others to index their own archives in a model-free way); and evaluation (on-going user studies and quantitative evaluation to better understand how experts understand brain images, and to test every component of the project, from retrieval and matching schemes, to the visualization tools themselves). High resolution brain imaging facilities at our Princeton site will conduct targeted experiments to develop image sequences supporting the research.

The proposed research will result in: (1) new concepts and principles for representing space-time dynamic images, and indexing and retrieving those images with particular application to dynamic brain images; (2) specific batch and interactive tools for indexing and retrieval, available to other centers and organizations; and (3) scholarly reports and publications, ensuring dissemination of the results to all interested audiences.

Broader impact: The project will contribute to the biological sciences generally, by improving access to relevant data, being collected around the world. The ultimate goal is to search the world’s fMRI data resources as easily current text search engines search the Web. The project contributes to research applications of cognitive science, to the advance of scientific knowledge, and to scientific education at the undergraduate, graduate and post-graduate levels. The project is a collaboration among psychologists, cognitive neuroscientists, computer scientists and engineers, and information scientists from Rutgers, Princeton, Drexel and Toronto. An advisory committee of relevant bio-scientists will be formed to provide feedback and guide proposed research toward maximum scientific impact.

Contribution to basic science: This research contributes directly to supporting biological research related to brain function, and to the computational sciences, particularly to image databases and information retrieval, and supports fundamental brain research. Resulting techniques will apply to many other kinds of space-time images. The algorithms to be developed will better approximate judgments that trained humans make when scanning an array of stored images for ones “similar to a given image”, that is, “Query by Example.” The five-year project is budgeted at $2,499,995.
