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Abstract

We present interactive methods for visualizing the cloud height data and the backscatter data collected from ceilometers in the
three-dimensional virtual space. Because ceilometer data is high-dimensional, large-size data associated with both spatial and
temporal information, it is highly improbable to exhibit the whole aspects of ceilometer data simply with static, two-dimensional
images. Based on the three-dimensional rendering technology, our visualization methods allow the user to observe both the global
variations and the local features of the three-dimensional representations of ceilometer data from various angles by interactively
manipulating the timing and the view as desired. The cloud height data, coupled with the terrain data, is visualized as a realistic
cloud animation in which many clouds are formed and dissipated over the terrain. The backscatter data is visualized as a three-
dimensional terrain which effectively represents how the amount of backscatter changes according to the time and the altitude.
Our system facilitates the multivariate analysis of ceilometer data by enabling the user to select the date to be examined, the
level-of-detail of the terrain, and the additional data such as the planetary boundary layer height. We demonstrate the usefulness

of our methods through various experiments with real ceilometer data collected from 93 sites scattered over the country.
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(b) Backscatter data.

Figure 1: Results of our visualization methods for ceilometer data.
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Table 1: Organization of the cloud height data for our experiments.
The height and amount of cloud have been measured and recorded
for each minute. 7620 in the cloud height field means that no cloud
has been found.

Figure 2: Results of the particle-based visualization from three dif-
ferent views.
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Figure 3: Temporally variying cloud shapes obtained by the
volume-based visualization. (Arranged in the clockwise direction
from the left top.)
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(b) Our 3D visualization.

Figure 4: Comparison between 2D and 3D visualizations.
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Figure 5: The process of building a 3D triangular mesh from a
given 2D height map. (a) Sampling a set of points regularly in a
rectangular area on the plane defined by the time and the height
axes. (b) Identifying the backscatter energy for each sampled point.
(c) Connecting each pair of horizontally or vertically adjacent
points to form a rectangular mesh. (d) Subdividing each rectangle
along the diagonal direction to form a triangular mesh.
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Figure 6: (Left) Applying face normals. (Right) Applying vertex
normals.
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Figure 7: (Left) Phong shading. (Right) Phong shading combined
with color grading.
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Figure 9: (Left) 3D terrain. (Center) 3D terrain combined with 2D
borderlines. (Right) 3D terrain from another view.
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