Interaction and collaboration in Neuroinformatics — possibly in VRML

Finn A^ffi rup Nielsen

Section for Digital Signal Processing Department of Mathematical Modelling Technical University of Denmark DK-2800 Lyngby, Denmark

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

Finn A^ffi rup Nielsen, DSP, IMM, DTU September 7, 1999

OVERVIEW

Title of PhD:

Analysis, Visualization and Meta-analysis of

neuroimages

Task (one of them):

To make an environment — a program! — that

makes collaboration and interaction easier between

brain researcher.

ffl What is neuroinformatics ffl “Manual” neuroinformatics ffl BrainMap ffl Environment ffl VRML ffl Immersive display ffl Conclusion_{Application-oriented!}

Finn A^ffi rup Nielsen, DSP, IMM, DTU September 7, 1999

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

Finn A^ffi rup Nielsen, DSP, IMM, DTU September 7, 1999

“MANUAL” NEUROINFORMATICS

Researcher

-

Article

-

Researcher

?

MEDLINE ISI Internet Conference

  6

œ

The researcher asks two questions:

ffl How is the study relating to other similar studies?

Function ! anatomy.

ffl Which other studies finds activations a similar sites?

Anatomy ! function. Difficult!

Finn A^ffi rup Nielsen, DSP, IMM, DTU September 7, 1999

BRAINMAP

ffl BrainMap [Fox and Lancaster, 1994]:

– BrainMap Database (SQL RDBM) – BrainMap Entry – BrainMap Search & View (GUI)

ffl Database contains data from functional neuroimag-

ing studies with “Talairach coordinates”. – Original peer-reviewed papers – Meta-analyses

ffl Paper (title, author, abstract), structured descrip-

tion of the study (behavioral domain, modality, tracer) and Talairach coordinates

Figure 2: From the BrainMap homepage http://ric.uthscsa.edu.

Finn A^ffi rup Nielsen, DSP, IMM, DTU September 7, 1999

BRAINMAP

Figure 3: Figure from the BrainMap homepage. The Search & View program [Lancaster et al., 1997].

Disadvantage with BrainMap

ffl Not easy to move the database, e.g., put it on a

CD-ROM or mirror it.

ffl Does not take full advantage of the collaborative ef-

fort for the entry of the data, although the Brain- Map Entry program was distributed to some laboratories.

ffl Not platform-independent graphical visualization.

Finn A^ffi rup Nielsen, DSP, IMM, DTU September 7, 1999

MY APPROACH

ffl Simple database. Text easy to enter, e.g., a modi-

fied BibTeX format.

ffl Matlab program: highly used in the neuroimag-

ing community. Provides interactive command-line computations and plotting.

ffl Output to VRML:

A 3D symbol environment — the CornerCube environment — have shown an advantage over typical 2D displays [Rehm et al., 1998].

Figure 4: VRML display of activations

Finn A^ffi rup Nielsen, DSP, IMM, DTU September 7, 1999

EXAMPLE

Figure 5: Visual motion studies VRML-world generated with Matlab programs.

ffl The data is static, but you might want to hide infor-

mation to avoid overloading and you might want to query for new data.

ffl Limited amount of interaction in present version of

VRML-world: Movement of the axis, click activations on and off.

ffl The glyphs are hyperlinked.

ffl Further imaginable interactions: Glyphs that ex-

pand and reveal new information.

ffl Difficult to make complex interaction in VRML!

Finn A^ffi rup Nielsen, DSP, IMM, DTU September 7, 1999

EXAMPLE: NOVELTY DETECTION

ffl Novelty detection: Take a new study and what the

probability for obtaining such a study.

ffl Use of statistics to model the probability.

Automatic labeling

Figure 6: Automatic labeling detection on each individual Talairach coordinate from a paper: [Law et al., 1998].

Finn A^ffi rup Nielsen, DSP, IMM, DTU September 7, 1999

EXAMPLE: INFORMATION VISUALIZATION

Figure 7: Information visualiztion. A process: Initial hypothesis, scanning, analysis and lastly interpretation, which links to the initial hypothesis.

ffl Visualize every kind of data that is generated in a

neuroimaging study.

ffl Supplement to textual information.

Finn A^ffi rup Nielsen, DSP, IMM, DTU September 7, 1999

IMMERSIVE DISPLAYS

Figure 8: Head-mounted display with VRML

ffl Virtual environment systems are yet too complex

and expensive for every day use by the researcher. It should be a desktop system.

ffl The brain is an object, — not an environment. Bet-

ter to look at than be in.

Finn A^ffi rup Nielsen, DSP, IMM, DTU September 7, 1999

CONCLUSION & EXPERIENCES

ffl VRML can produce useful static visualizations. ffl Separate the data and the visualization. Do not hide

the data and make the data representation as simple as possible.

ffl Collaboration not directly in the virtual environ-

ments, — but rather by sharing data.

ffl VRML (probably) not well to do complex queries

in. Better for simple tasks: Judgement of the size of activations, connections, overlap, ...

ffl A prototype head-mounted display environment

was not comfortable to work with.

ffl VRML is not as standard language: Browsers does

not behave the same and renderings are different.

ffl Do not work in 3D unless you have to.

Finn A^ffi rup Nielsen, DSP, IMM, DTU September 7, 1999

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 Toga, A. W., Frackowiak, R. S. J., and Mazziotta, J. C., editors, Fifth International Conference on Functional Mapping of the Human Brain, NeuroImage, volume 9, page S70. Academic Press.

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

[Lancaster et al., 1997] Lancaster, J. L., Chan, E., Mikiten, S. A., Nguyen, S., and Fox, P. T. (1997). BrainMapTM search and view. In Friberg, L., Gjedde, A., Holm, S., Lassen, N. A., and Nowak, M., editors, Third International Conference on Functional Mapping of the Human Brain, NeuroImage, volume 5, page S634. Academic Press.

[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.

[Rehm et al., 1998] Rehm, K., Lakshminaryan, K., Frutiger, S., Schaper, K. A., and Summers, D. (1998). A symbolic environment for visualizating activated foci in functional neuroimaging datasets. Medical Image Analysis, 2(3):215–226.

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