Finding related functional neuroimaging volumes

Finn A^∘ rup Nielsen

Informatics and Mathematical Modelling Technical University of Denmark DK-2800 Lyngby, Denmark

Email: fn@imm.dtu.dk WWW: http://www.imm.dtu.dk/~fn

Finn A^∘ rup Nielsen, IMM, DTU April 6, 2002

IMAGE RETRIEVAL

• Image based retrieval systems typically extract features, such as texture and color and/or surrounding text (Rui et al., 1999; Djeraba and Bouet, 1997).

• QBIC, commercial system by IBM (Flickner et al., 1995), example at http://www.hermitagemuseum.org.

• Web-based image retrieval systems

– AltaVista, text-based search – WebSEEk (Smith and Chang, 1996a; Smith and Chang, 1996b) • Medical image retrieval

– CT-scans, query image with “stroke” or “acute blood” (Liu and Dellaert, 1998a; Liu and Dellaert, 1998b) – Other (Ford et al., 2001; Comaniciu et al., 1998)

Finn A^∘ rup Nielsen, IMM, DTU April 6, 2002

FINDING RELATED VOLUMES

Download Extract Voxelize Compute Distance

Report

Figure 1: A processing scheme for finding related BrainMap experiments based on volume comparisons.

• Finding related functional neuroimaging volumes (Nielsen and Hansen, 2002; Nielsen, 2001).

• Data

– Point data as “Experiments” from BrainMap with set of activation.

– Volumes, small set from a cluster analysis in PET (Balslev et al., 2002).

• Point data voxelized with Gaussian kernel on a coarse grid (8mm).

• Compute distances between volumes.

• Generation of static web-pages with sorted list of similar volumes and with links to BrainMap and Pubmed.

• http://hendrix.imm.dtu.dk/services/jerne/.

Finn A^∘ rup Nielsen, IMM, DTU April 6, 2002

FINDING RELATED VOLUMES

• What cost function?

• Consider changes with distance Δ with two points convolved with a Gaussian – Sum of the product (similarity) Γ ∝ exp(−Δ^2) (1) – Kullback-Leibler (distance) K(p||q) = − ∫_∞ −∞ p(x) ln q(x) p(x) dx ∝ Δ^2. (2)

• Correlation coefficient: Volumes does not need to be normalized, negative activations can be handled.

• Optimization: Number of voxels typically much larger than the number of experiment and the number of point smaller than the number of experiments – Compute the distance in a subspace with the size of the experiment.

– If only points are considered: Compute a distance between the points.

Finn A^∘ rup Nielsen, IMM, DTU April 6, 2002

EXAMPLE

Figure 2: Query volume formed from (Sergent et al., 1992) — a letter and object (visual) processing paper with the 5 original points and an isosurface in the volume.

Figure 3: Result list: All vision experiments.

Finn A^∘ rup Nielsen, IMM, DTU April 6, 2002

EXAMPLE

Figure 4: Result page with automatically generated corner cube visualization (Corbetta et al., 1993). Two cluster of activations.

References

Balslev, D., Nielsen, F. A ∘ ., Frutiger, S. A., Sidtis, J. J., Christiansen, T. B., Svarer, C., Strother, S. C., Rottenberg, D. A., Hansen, L. K., Paulson, O. B., and Law, I. (2002). Cluster analysis of activity-time series in motor learning. Human Brain Mapping, 15(3):135–145. ISSN 1097-0193, [ defkat.dk — bibliotek.dk ].

Comaniciu, D., Meer, P., Foran, D., and Medl, A. (1998). Bimodal system for interactive indexing and retrieval of pathology images. In Proceedings of the 4th IEEE Workshop on Applications of Computer Vision (WACV’98), Princeton, NJ, pages 76–81.

Corbetta, M., Miezin, F. M., Shulman, G. L., and Petersen, S. E. (1993). A PET study of visuospatial attention.

The Journal of Neuroscience, 13(3):1202–1226. PMID: 8441008. ISSN 0270-6474, [ defkat.dk — bibliotek.dk ]. Djeraba, C. and Bouet, M. (1997). Digital information retrieval. In Golshani, F. and Makki, K., editors, Sixth International Conference on Information and Knowledge Management, pages 185–200. ACM, ACM Press.

Flickner, M., Sawhney, H., and Niblack, W. (1995). Query by image and video content: The qbic system. IEEE Computer Magazine, 28(9):23–32. http://www.computer.org/computer/co1995/r9023abs.htm.

Ford, J., Makedon, F., Megalooikonomou, V., Shen, L., Steinberg, T., and Saykin, A. J.

(2001). Spatial comparison of fMRI activation maps for data mining. NeuroImage, 13(6):S1302. http://www.apnet.com/www/journal/hbm2001/11743.html.

Liu, Y. and Dellaert, F. (1998a). A classification based similarity metric for 3d image retrieval. In IEEE Conference on Computer Vision and Pattern Recognition (CVPR’98), Santa Babara, CA, pages 800–805.

Liu, Y. and Dellaert, F. (1998b). Classification-driven medical image retrieval. In DAPAR Image Understanding Workshop, IUW’98.

Nielsen, F. A ∘ . (2001). Neuroinformatics in Functional Neuroimaging. PhD thesis, Informatics and Mathematical Modelling, Technical University of Denmark, Lyngby, Denmark.

Nielsen, F. A ∘ . and Hansen, L. K. (2002). Finding related functional neuroimaging volumes. NeuroImage.

http://www.imm.dtu.dk/~fn/ps/Nielsen2002Finding abstract.ps.gz.

Rui, Y., Huang, T. S., and Chang, S.-F. (1999). Image retrieval: Current techniques, promising directions, and open issues. Journal of Visual Communication and Image Representation, 10(1):39–62. http://www.idealibrary.com/links/doi/10.1006/jvci.1999.0413. ResearchIndex: http://citeseer.nj.nec.com/rui99image.html.

Sergent, J., Zuck, E., Levesque, M., and MacDonald, B. (1992). Positron emission tomography study of letter and object processing: empirical findings and methodological considerations. Cerebral Cortex, 2(1):68–80. PMID: 1633409.

Smith, J. R. and Chang, S.-F. (1996a). Searching for images and videos on the world-wide web. Technical Report 459- 96-25, Department of Electrical Engineering and Center for Image Technology for New Media, Columbia University, New York.

Smith, J. R. and Chang, S.-F. (1996b). VisualSEEk: a fully automated content-based image query system. ACM Multimedia, pages 87–98.