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Abstract

We describe an extension of the virtual volume concept
to multiple sensors. Data from multiple sensors are com-
bined in real-time and mapped into a constantly updat-
ing three-dimensional grid. The data are combined in a
time-centric manner, with data replacing older data, re-
gardless of the sensor that the older data came from. We
discuss scaling problems with this method and how they
can be resolved.

We demonstrate this method of merging real-time data
on base data (such as radar reflectivity) as well as on
derived data (such as linear least square derivatives).

1. Method

a. Time-ordering

Lynn and Lakshmanan (2002) described the concept of
virtual volumes of radar data, where the volume of radar
data is defined by the latest elevation scans at all times.
Such a definition is valid for a single-radar product, as
described in (Lynn and Lakshmanan 2002). Is it possible
to extend the virtual volume idea to multiple sensors?

Another way to think of the virtual volume is as a time-
ordered list of elevation scans. The traditional volume
scan is an elevation-ordered list, with the elevations ar-
ranged from the the lowest tilt to the current radar scan. If
we define a radar volume as a time-ordered list that con-
tains the entire angular space of elevation scans, then
the virtual volume results.

With this time-based definition, it is possible to define
a multisensor merged grid where each of the parts is
updated with the most current sensor input.
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b. Mergers and mosaics

Radar reflectivity data, with volumes in the traditional
sense have been merged successfully by Zhang et al.
(2000). The merging scheme, refered to as “mosaick-
ing”, consists of obtaining volumetric radar data periodi-
cally and using Cressman interpolation to create a three-
dimensional data set. The data are quality controlled us-
ing factors such as the radar range.

In this paper, we propose a different approach to merg-
ing data from multiple sensors. Instead of using data that
is essentially a snapshot, the entire volume is updated
with elevation scan inputs from each radar.

c. Technique

The technique is to connect to multiple data streams
and with the arrival of an elevation scan to update
the output volume with data from that elevation scan.
The WDSS-II Application Programming Interface (Lak-
shmanan 2002) supports the concept of an listener (or
Observer (Gamma et al. 1994)) attached to multiple
streams and reacting to the input.

To handle the problem of not receiving data from one
or more of the sensors, every grid cell updated is marked
with the sensor that it was updated by. When data from a
sensor expire, the grid cells that were updated with that
data are reset. Naturally, this also handles non-update of
grid cells due to factors such as changes in the volume
coverage pattern.

Updating a large three dimensional volume with data
that arrive every 30 seconds from each radar (in a sce-
nario where we are merging data from upto 4 radars)
could be computationally intensive, but several optimiza-
tions outside the scope of this paper are available. The
merger process was tested on a Linux Pentium-III desk-
top; it easily keeps up with a real-time feed from four
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weather service radar while using less than 100MB of
memory.

d. Outputs

We will demonstrate the technique using data from three
weather service radars (KTLX, KSRX and KINX in Okla-
homa City, Hot Springs and Tulsa respectively) on May
20, 2001 around 21:45 UTC. Although it is weather ser-
vice radar that was used to generate the outputs shown
here, we have also successfully used a combination of
weather service radar and Terminal Doppler Weather
Radar (TDWR). In Figure 1, the lowest tilt from each of
the three input radars is shown.

The three-dimensional grid was output level by level
into separate NetCDF (Jenter and Signell 1992) files
and visualized with WDSS-II. In Figure 2a and 2b, the
merged data at 2000m and 3000m respectively are
shown. Note that the pattern of elevation update is
clearly visible in these images. If we use Barnes filtering
and confidence-weighting in combination with the purely
time-based update used here, we envision higher quality
of the resulting data.

The default behaviour is to output the grid with every
update. This scales well to two radars, where on the
average, a new output is obtained every 15 seconds, but
the increased resolution is confusing beyond that. There-
fore, the merger process provides an option to write out
a new grid only when the time since the last update is
greater than, say, 30 seconds.

In addition to the layers of the grid, the merger process
puts out a volume product to enable easy navigation up
and down the volume and to permit examination by flying
through the volume and drawing cross-sections. (See
Figure 3).

Finally, the output can optionally include derived fields
such as the vertical maximum (composite – See Fig-
ure 4) and the vertical average.

e. Blending

The example outputs in the above section were gener-
ated by simply updating each grid cell with the latest
data from any radar that falls in the spatial volume of that
grid cell. Spatial volumes within the atmosphere may be
sensed by different tilts of the same radar (considering
beam width of the radar beams) and by different radars.

Figure 1: The lowest tilts from the three radars used
to demonstrate the results shown here. Data were col-
lected on May 20, 2001 from Oklahoma City, Hot Springs
and Tulsa.
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Figure 2: The merged 3D grid at 2000m (a, top) and
3000m (b). Notice that the pattern of elevation-by-
elevation update is clearly evident. With interpolation
and filtering, the quality of the resulting grid can be im-
proved.
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Figure 3: Ways of visualizing the resulting 3D grid: by
flying through and by drawing vertical cross-sections.



Figure 4: The maximum in the vertical direction at every
grid point is an optional product that may be obtained
from the 3D grid. Note that there is a new composite
product formed every time the 3D grid is updated. This
is an example of a multisensor time-update (or virtual
volume) algorithm.

Figure 5: If the data are radar reflectivity, as in these ex-
amples, a vertical integrated liquid (VIL) calculation can
be computed on the 3D grid. Note that there is a new VIL
product formed every time the 3D grid is updated. This is
an example of a multisensor time-update (or virtual vol-
ume) algorithm.

Thus, when combining data from multiple sensors, it is
possible to “blend” the data, rather than simply taking
the latest elevation scan. Several strategies have been
employed:

1. Taking the maximum reflectivity from any of the
radars. This assumes that the radars are uniformly
calibrated, but future extensions can correct for cal-
ibration errors. An example of this is shown in Fig-
ure 6.

2. Blending the data by assigning a weight inversely
proportional to the distance from the radar. An ex-
ample of this is shown in Figure 8.

3. Blending the data by assigning a weight inversely
proportional to both the distance from the radar and
its age, such that newer data are assigned higher
weights. This is shown in Figure 7.

4. Blending the data by spreading the beamwidth, so
that the radar data from successive elevation scans
are linearly interpolated into the space between
them. Although this does not show much difference
in Figure 9, it is an effective strategy for single radar
volumes.

2. Conclusion

We described a new way of merging data from multiple
sensors, by constantly updating a three-dimensional grid
of data with data from the sensors. This allows a more
current view than traditional merging methods. Future
plans include doing quality control of the data and imple-
menting non-uniform and nested grids.

Although demonstrated here on radar reflectivity, the
algorithm has been used to merge derived fields such as
the local linear least square derivative field (Smith 2002)
as well.
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Figure 6: Blending data from two radar by choosing the
maximum value from either radar. This strategy is use-
ful for getting around beam-blockage, radar horizon and
cone-of-silence issues.

Figure 7: Blending data from two radar by assigning
them weights inversely proportional to the distance from
the radar and to the age of the data.

Figure 8: Blending data from two radar by assigning
them weights inversely proportional to the distance from
the radar.

Figure 9: Blending data from different elevation scans of
the same radar by linearly interpolating between them.
This strategy is useful for single radar volumes.
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