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Abstract
Spot noise is a simple and effective algorithm to visualize vector fields. Originally proposed for visualizing
two-dimensional flows or flows on surfaces, it is also easily extendible to three dimensions. However,
images resulting from a straightforward extension of spot noise to 3D are rather cluttered and confusing,
they do not show the underlying flow too well and are also missing any indication of flow orientation. The
latter is also an inherent drawback of two-dimensional spot noise. In this paper we outline several strategies
to improve visualizations of both two- and three-dimensional vector fields with spot noise. These include
orientation indication by anisotropic spots, sorted spots and depth cueing for better depth perception, and
colour coding strategies.
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1. Introduction
Texture synthesis is used in many application areas, ranging from computer arts to virtual environments and
scientific visualization. Often, textures are useful to give an impression of the nature and properties of data.
Especially in scientific research, vector fields are frequently needed to describe information, and it is also
desired to find a proper way of visualizing them. Vector fields are used in many disciplines, for example to
describe the distribution of pressure and velocity over a ship hull or a plane. Other applications include
magnetic fields, wind movements or currents in oceans and rivers.
A very simple approach to vector field visualization is to draw a grid, pick some vectors and display
them using arrows or similar symbols. While these so-called arrow plots may be sufficient to give an
impression of very simple vector fields, it is obvious that they lack a lot of the original information, and such
visualizations become almost useless if the vector field is more complex.
More sophisticated flow visualization algorithms include, e.g., stream lines [10] in 2D, illuminated stream
lines [18], stream ribbons and tubes [12], stream balls [1], and stream surfaces [6] in 3D. However, these
techniques use a sparse distribution of visualization items which possibly miss important feature of the flow.
Texture based techniques, on the other hand, employ dense visualizations to avoid these drawback.

We discuss related work on dense visualizations of vector fields in Section 2. Section 3 is about
improvements of spot noise for visualizing 2D flow whereas in Section 4 we outline extensions to visualize
3D flow. In Section 5 additional results are given and we conclude in Section 6.

2. Previous Work
A standard algorithm for visualizing two-dimensional vector fields is line integral convolution (LIC) [2]. LIC
has the disadvantage that flow speed and orientation cannot be perceived. One algorithm which avoids
these drawbacks is oriented LIC (OLIC) [16] which uses a sparse input texture and therefore possibly
misses small details. The thick oriented stream-line algorithm (TOSL) [14] achieves the same results with
dense visualizations.
A straightforward extension of LIC to three dimensions yields a box showing the flow on its faces as the
input texture is completely opaque. Attempts to overcome this situation include interactive clipping planes
[13] and again a sparse input texture with several extensions to enhance the visualization [7, 8]. However,
LIC in three dimensions is rather inefficient and difficult to handle to get meaningful visualizations.
On the other hand, spot noise [15] is a straighforward technique which randomly distributes spots with
orientation and scaling according to vector field direction and magnitude over the two-dimensional domain
with random intensities, thereby effectively revealing the underlying flow. Scaling of the spots results in a
visualization of flow magnitude. Enhanced spot noise [5] achieves better quality by spot bending and spot
filtering.
Max et al. [11] use small texture mapped dots stretched in the direction of the flow to visualize flow
near surfaces.
They exploit that uni-coloured spots require no sorting. To avoid cluttering, spots that are very close to
the surface or farther away from it are faded out. Crawfis and Max [3] use small line segments oriented
according to the flow and composited with a scalar function in order to render three-dimensional scalar and
vector fields simultaneously. In another paper, Crawfis and Max [4] use textured splats, that are enhanced
with scratch marks, oriented accoring to the flow. In the following we will outline several strategies to
enhance spot noise visualizatzions first in two-dimensional flow, then in three-dimensional flow.

Figure 1: By differently coloring front and back-facing parts of the spot the orientation of the circular flows
becomes apparent.

3. Improvements of Spot Noise in 2D
Although, as opposed to LIC, spot noise visualizations of 2D vector fields show not only flow direction but
also flow magnitude, they do not depict flow orientation. For example, in a circular vector field it is
impossible to tell whether the flow runs clockwise or counter-clockwise. Here we give two simple methods
to also depict flow orientation within spot noise images.
3.1 Anisotropic spot colours
Usually, the spots in spot noise for visualizing vector fields are isotropic and black and white, resulting in
ambiguities in flow orientation. To address this problem different spots are needed. On the other hand the
common disc-shaped spots provide good results, so a suitable approach is to use coloured discs, with the
’front’ of the spot in one colour and the ’back’ in another. An example with circular flows is shown in figure
1. It is clearly visible that the flows go in opposite directions, but are otherwise the same.
3.2 Anisotropic spot shapes
Another way to depict flow orientation is to use spots that are anisotropic in shape. For example, a spot
which is wider the in direction it is facing and with a thin tail in the direction it is coming from is also capable
of showing flow orientation. However, if too many spots are drawn, resulting in a dense texture, this effect
is diminished. A sparse coverage of the 2D domain is desirable, resulting in images similar to OLIC. As
spots should not be placed too densely in 3D to avoid occlusions, we will show its applicability to reveal
flow orientation in 3D in Section 4.8.

4. Extending Spot Noise to 3D
As in 2D, there are also many three dimensional applications where vector fields are used and have to be
visualized. There are several ways to accomplish this, and the best one to choose strongly depends on the
kind of information you are interested in.

Figure 2: A fast preview mode, which draws simple lines oriented and scaled according to the projected
vectors, allows for the first insights into the flow.

4.1 Preview
Sometimes it is desirable to display information very quickly, instead of producing high-quality results, for
example if you just want to get an overall impression of data, or try out different viewing angles. A very fast
and easy way to accomplish this is to draw simple lines at random positions in the 3D space. These lines
can be rotated so that they represent the direction of the vector at the chosen position, and the vector
length can be visualized by varying the length of the lines. This is similar to the approach by Crawfis and
Max [3]. This ’preview mode’ is shown in figure 2 and in some cases might just be enough to provide the
desired information about the underlying data. In these pictures, the ni tensities of the lines are chosen
randomly to provide more contrast, but have no other meaning.
4.2 Straightforward extension to 3D
3D spot noise can quite easily be done by placing spots in a 3D space instead of a plane. In this
straightforward approach the spot noise algorithm almost stays the same:

Figure 3: Straightforwardly extending spot noise to 3D (by randomly placing spots in 3D space, oriented
and scaled according to the underlying flow with random intensities) often produces rather cluttered images.
A random position in space is calculated and the vector information is read from the underlying dataset.
The vector is then projected onto the viewing plane, and the resulting two-dimensional direction and length
is used to scale and rotate the spot. This means that not the actual vector information is used, but rather the
way it looks like on the viewing plane. For example, a vector that points straight away from the eye point
appears to have length zero on the viewing plane and is therefore drawn without any scaling, no matter how
long the vector really is. Just like in two-dimensional spot noise, a large number of spots is drawn at
random locations and blended together. The intensities of the spots are also chosen randomly. Figure 3
shows vector fields visualized with this method. However, the disadvantages of here are that it does not
give a very good three-dimensional impression of the data, and that in some cases too much information
may overlap and produce confusing results.
4.3 Sorted Spots
The previous results can be improved by drawing spots back-to-front, which gives a better three
dimensional impression and is also suitable for more complex vector fields. In this approach similar to

splatting [17], spot noise is performed in planes parallel to the view plane and blended together back-tofront. The concept can be seen in Figure 4, example images with improved depth perception in Figure 5.
4.4 3D velocity mask
Often only areas with big vector lengths (e.g. high velocities) are of interest and need to stand out of the
surrounding area. This can be done by drawing areas with low vector lengths more transparent, or by even
omitting data below a certain threshold, as suggested by Jobard et al. for 2D unsteady flow [9]. An
example in 3D can be seen in Figure 6.

Figure 4: Sorted spots (by traversing the volume back-to-font, performing spot noise in planes, and
blending them together) yield better depth perception.

Figure 5: Improved depth perception by sorted spots.

Figure 6: A 3D velocity mask makes regions with low velocities, which are often less important,
transparent.

4.5 Colour coding vector lengths
Vector length can even be more emphasized by using colour to draw spots differently depending on the
underlying vector. In Figure 7 a transfer function is used (depicted on top, normalized) that maps vectors
with length zero (i.e. no flow activity at this point) to blue and vectors with maximum length to red. In these
pictures it is very easy to distinguish ’slow’ and ’fast’ areas.

Figure 7: The (normalized) transfer function on top maps vectors with length zero to blue and vectors with
maximum length to red to better communicate flow magnitude.

4.6 Colour coding direction
Colour can also be used to better visualize vector directions (as appearing on the viewing plane), which
helps to distinguish areas where flow direction vary strongly. Figure 8 uses the transfer function depicted on
top, which results in vertical spots being painted blue, and horizontal spots pink.

Figure 8: Vertical spots (in the viewing plane) are mapped to blue and horizontal spots to pink.

4.7 Depth cueing
Using depth cueing, the intensities of the spots are varied according to their distance from the viewing
plane. The closer the spots are, the lighter they are drawn. This gives a good three-dimensional impression
and helps to better distinguish near and far areas. An example can be seen in Figure 9.

Figure 9: Depth cueing (i.e., spots further away from the viewing plane are drawn darker) further increases
the 3D impression.

4.8 Flow orientation
As mentioned in 3.2, spot noise usually visualizes vector lengths and directions, but does not show the
actual vector orientations. Just like in 2D, colours can be used to mark the ’begin’ and ’end’ of spots.
Changing the shape of the spots to a raindrop-like form can further help to enhance this effect. Figure 10
results from two vector fields that contain opposite vector orientations, but are otherwise the same.

Figure 10: Anisotropic spots in colour and shape can be used to indicate flow orientation.

5. Further Results
Here some more results achieved with the methods described in this paper are presented. Figure 11 shows
the fast preview mode and a high quality rendering with improved depth perception by sorted spots of the
same flow.

Figure 11: Fast preview of a simple flow, and high quality rendering.

In Figure 12 colour is used to visualize vector directions (as appearing on the screen), and an example of a
3D velocity mask is given, showing only areas with big vector lengths. More information about vector
lengths is provided in figure 13 using color coding; also the use of anisotropic, coloured spots is shown,
visualizing actual vector orientations.

Figure 12: Vector direction information via color coding on the left, 3D velocity mask on the right.

Figure 13: Color coded velocity information on the left, anisotropic spots on the right.

6. Conclusions
We presented several strategies to improve the quality of visualizations of two- and three-dimensional
vector fields via spot noise. The spot noise inherent problem of lacking information about flow orientation
can be tackled by anisotropic spots. Thereby, spot density should be kept low so that individual spots can

be discerned. Where in 2D a dense representation may be favourable, sparse textures are inevitable in 3D
in order to minmize occlusions.
Visualizing 3D vector fields is an inherently much more difficult problem. A first quick impression of the
flow can be gained by a fast preview, where simple lines aligned to the direction and scaled according to
the magnitude of the flow are placed at random positions with random intesities.
A straightforward extension of spot noise to 3D is, to project vectors at random positions onto the view
plane, align and scale the spots according to this vector and draw it with random intensity. However, this
results in rather cluttered and confusing images. Better depth impression can be achieved by performing
spot noise only within planes and blending them together back-to-front.
Further improvements like a 3D velocity mask, that makes regions of low velocity transparent, colour
coding schemes for vector length and direction and depth cueing increase the quality of 3D flow
visualizations with spot noise.
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