Experiences with Matlab and VRML in Functional Neuroimaging Visualizations

Finn A^∘ rup Nielsen and Lars Kai Hansen

Section for Digital Signal Processing Department of Mathematical Modelling Technical University of Denmark DK-2800 Lyngby, Denmark (NEC Research Institute, Princeton, NJ)

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

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

OVERVIEW

• Functional Neuroimaging and Neuroinformatics • “Lyngby” • VRML • “Brede” • Matlab and VRML comparison • Information visualization • Immersive Displays • User experience

International Neuroimaging Consortium

• Poster: Kelly Rehm and others. “Symbolic Representation of Neuroimaging Data: the Corner Cube Environment”. Implemented in IDL.

• idl2mat. Very simple tool to call Matlab from IDL.

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

FUNCTIONAL NEUROIMAGING

Functional neuroimaging scanning and data

Figure 1: VRML

Figure 2: VRML

• 3+1 dimensional datasets

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

NEUROINFORMATICS

Neuroinformatics

Organization of knowledge about the brain. [Koslow and Huerta, 1997, Hirsch and Koslow, 1999]

Brain mapping neuroinformatics

Organization of knowledge about cognitive processes and brain anatomy: functional anatomy.

Figure 3: From the article [Chua et al., 1999] about anticipatory anxiety. Activation hot spots in so-called Talairach coordinates [Talairach and Tournoux, 1988].

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

“LYNGBY”

Figure 4: Lyngby

• Functional neuroimaging analysis Matlab toolbox • Approximately 50,000 lines of pure Matlab code • GUI + command-line/batch + plot/visualization • Memory-based. Memory issues put a constraint on the design.

• Analysis + visualization

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

“LYNGBY” PLOTS

Figure 5: Lyngby

• A click in the left window will update the right • Left window common for all analyses while right window is draw in a call back function dependent on the analysis

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

VRML

Figure 6: VRML

• Generation of isosurfaces from “polyr” program • Library of VRML-files • Simple control devices • CGI-scripts (Perl) • Hyperlinks • Problems with VRML: standardization of scriptlanguage, lack of browsers for certain platforms.

• More an output format than a manipulation format • Distributable on, e.g., CDROM or the Internet

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

“BREDE”

Figure 7: Visual motion studies VRML-world generated with “brede” Matlab toolbox.

• Neuroinformatics Matlab toolbox • Under development • Approximately 15,000 lines of code • Command-line/batch + plot/visualization, no GUI • Analysis in Talairach space, text analysis, web analysis

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

“BREDE”

Figure 8: Matlab screenshot

• Reading of distributable database files • Text analysis: Need of hash and regular expressions matching Difficult with Matlab, as compared with, e.g., Perl • Web-functions: system calls to Perl, wget or telnet • Generate VRML and HTML files

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

MATLAB AND VRML

Figure 9: VRML

Matlab VRML Color Indexed/RGB RGB Scene Graph “flat” hierarchical Transparency no yes 0 and 1-dim. graphics yes (yes) Volume yes (no) Interactive yes partially Distributable (yes) yes Web-integration (yes) yes Table 1: Matlab and VRML

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

INFORMATION VISUALIZATION

Figure 10: Information visualiztion. A process: Initial hypothesis, scanning, analysis and lastly interpretation, which links to the initial hypothesis.

• Visualize every kind of data that is generated in a neuroimaging study.

• Supplement to textual information.

• Second item in Jakob Nielsen’s “Top Ten Mistakes in Web Design”.

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

IMMERSIVE DISPLAYS

Figure 11: Head-mounted display with VRML

• With headset the enhancement is limited • Problems with seeing the keyboard and the mouse • The control interface has to be in the visualization • Implemented in VRML, — relative simple setup. • Matlab? Is that possible?

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

USERS, EXPERIENCES AND PROBLEMS

• Mailing-list • Web-based version-history (with cvs2html) • Web-based calling tree (with mat2html) • Documentation (latex + help in Matlab) • Login accounts: Approx. 150, Users: ?

Figure 12: Cumulated downloads since 1999 September

• Mathematical/statistical • File input/output • Flexibility (Analysis, Visualization) • Memory • Version-problems (5.3, 5.1, Windows/Unix) • GUI + wants to know whats behind

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

CONCLUSION AND WISH-LIST

• In our case analysis and visualization are coupled:

The visualization development environment should be supported with mathematical functions • Users would like to understand the mathematical models and it effect their analysis: Short distance between documentation, code and GUI • Internet distributable files for the visualizations or database

Matlab

• Better volume handling • Transparency • Text functions: hash, regular expression, parsing

Finn A^∘ rup Nielsen and Lars Kai Hansen, DSP, IMM, DTU April 27, 2000

REFERENCES

References

[Chua et al., 1999] Chua, P., Krams, M., Toni, I., Passingham, R., and Dolan, R. (1999).

A functional anatomy of anticipatory anxiety. NeuroImage, 9(6):563–571.

[Fox and Lancaster, 1994] Fox, P. T. and Lancaster, J. L. (1994). Neuroscience on the net.

Science, 266(5187):994–996.

[Hirsch and Koslow, 1999] Hirsch, M. and Koslow, S. (1999). Interoperable neuroinformatics management systems for understanding functional neuroanatomy. In Rosen, B. R., Seitz, R. J., and Volkmann, J., editors, NeuroImage, volume 9, page S70. Academic Press. Fifth International Conference on Functional Mapping of the Human Brain.

[Koslow and Huerta, 1997] Koslow, S. H. and Huerta, M. F., editors (1997). Neuroinformatics, An Overview of the Human Brain Project. Lawrence Erlbaum Associates.

[Law et al., 1998] Law, I., Svarer, C., Rostrup, E., and Paulson, O. B. (1998). Parietooccipital cortex activation during self-generated eye movements in the dark. Brain, 121(11):2189–2200.

[Talairach and Tournoux, 1988] Talairach, J. and Tournoux, P. (1988). Co-planar Stereotaxic Atlas of the Human Brain. Thieme Medical Publisher Inc, New York.