Visually Representing Multi-Valued Scientific Data

Using Concepts from Painting

Vector-valued and tensor-valued images are rich sources of infor-
mation about many physical phenomena. Visually representing
these images so that they can be understood is a challenge, how-
ever, because they contain so many inter-related components;25
all of which must be represented simultaneously and intuitively.

We have applied concepts from oil painting to the display and
understanding of multi-valued scientific data. For example,
painters map components of a scene onto visual characteristics
of brush strokes by varying their size, shape, color, texture,
opacity, direction, and placement. They also convey information
by stroke locations relative to one another. Using these varia-
tions in appearance, we can simultaneously represent many
components of multi-valued data and show relationships
among them. Painters also build up an image with multiple
layers of paint, where each layer represents and encapsulates
some components of the data. The lowest layer, or under-
painting, often roughs out the form of the painting. Layers
can be semi-transparent or sparse, and thus be built up without
obscuring one another. We combined these techniques to
create an interactive computer graphics system47 for experi-
menting with visual representations of 2D images of vector-
and tensor-valued data.

Atrtistically motivated rules guided our choice of brush charac-
teristics and layering to represent components of the data.68
Our examples are of three different data types: diffusion-tensor
data showing the pathology of a mouse disease in the spinal
cord,* 2D vector and tensor measurements of flow over an
airfoil 3 and six-valued magnetic resonance imaging data
showing the embryonic development of the mouse brain. The
images are effective because they display many data values
simultaneously, they qualitatively represent the underlying
phenomena intuitively and geometrically, and they emphasize
different data values to different degrees, leading a viewer
through the temporal process of understanding the relationships
among them.
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Figure 1 2-D flow field visualization. The image simultaneously displays the
velocity (two values), the vorticity (one value), and the deformation-rate tensor
(three values). The values are encoded, respectively, in the size and orientation
of a layer of wedges, in a color base layer, and in the size, shape, orientation,
opacity, and texture of a layer of ellipses.

Figure 2 Simultaneous display of six-valued MR data. Four of the component
data values are encoded in the color and transparency of an underpainting. The
size and orientation of a layer of small elliptical outlines encode the other two
values.

Figure 3 Layers of brush strokes displaying one slice of a second-order tensor
field (six values) and two spatially correlated scalar fields (two values) over 3D.
Eight interrelated variables are shown. This image is composited from four lay-
ers. Component data values are represented in the lightness of a purple under-
painting; a transparent grid pattern composited over that; the direction, shape,
color, and transparency of a layer of elliptical strokes over that; and the fre-
quency of a texture applied to the elliptical strokes.
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