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Immersive Visualization
and Analytics

Developing applications to investigate the 

usability of new immersive visualization 

technologies for disaster management

Natural disaster management

Large scale, high resolution 

display walls

Virtual Reality

Explore combinations of 2D and 3D 

representations of data

Investigate the broader value of immersive 

visualization for different domains

These systems have evidence for

significantly improving data analysis with

greater speed, accuracy,

comprehensiveness, creativity, and

confidence.

SAGE2 middleware to drive display

environments

Cost of displays continues to decrease

making these systems more ubiquitous.

Leveraging on publically available website

from Ministry of Land, Infrastructure,

Transport and Tourism.

HTC Vive and Unity development platform

Ingested data from over 17,000 different

sensors (rainfall, river height, snowfall,

shoreline, dam, and water quality).

Deriving better value from big data in all sectors of society requires interdisciplinary effort

and next generation technologies, specifically interactive environments that can immerse

the user in data and provide tools for data analytics.

Summary

Motivation

The current web-based system for viewing the 
weather data1 is very outdated and dif cult to use.  
Among other issues,  users are only able to view a 
single sensor (rainfall,  river height,  snowfall,  etc. ) at 
a time,  making it dif cult to understand phenomena 
at a large scale.  It is hoped that investing time into 
creating a new and innovative design will allow us to 
engage of cials from the Japanese Government 
and,  with their guidance,  further develop our initial 
project into an even more useful tool.

W e present a VR visualisation of publicly available 
Japanese weather data to assist in mitigating 
damage caused by natural disasters.  Our 
visualisation (built with Unity) utilises the HTC Vive 
headset and motion controllers to provide an 
intuitive display of the data.
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Figure 1.  A broad overview of the visualisation.  The user is able to f y around the simulation and move forward and backward 
through time.  As time is adjusted,  the sun will rise and set,  and the heights of the individual bars (representing weather sensors) 
will move up and down to ref ect the value of the sensor at the selected time.  The motion controllers can be used to point out 
and select an individual sensor,  allowing the user to open a window that displays a chart of the sensor’s value over time.
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Figure 2.  A visualisation of the simple data structure backing the visualisation.  In this image,  the vertical axis represents time (a 
single row being 10 minutes),  and each column represents a single sensor.  A pixel is coloured if the sensor provided data for 
that 10 minute period,  and black otherwise.  The colour is constant throughout a single column and represents the type of 
sensor.  A variety of interesting artifacts are visible:  when power outages occurred in various areas,  when the data crawler went 
of ine,  how certain sensors provide data less regularly than others,  etc.
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Figure 3.  After pointing at a sensor,  the user is 
able to bring up a set of windows charting 
data collected by the sensor.

Figure 4.  By pulling out the windows shown in f gure 3,  the user is able to 
arrange a workspace around themselves.  Engaging,  elastic-like ropes that link 
the windows to the sensor from which they originate can also be enabled.

Database

Initial testing revealed that running a query for the 
value for all sensors at a particular time takes ~ 10 
seconds on a 6.9GB SQLite database that was 
scraped from the government website.  Card et al.2 

claim that “perceptual processing” requires a 
response time of under 10ms,  so a faster data store 
was required.  A simple custom binary database was 
created (see f gure 2),  which allowed queries in less 
than 7ms, while also compressing the database to 
~ 132mb.  It was now very easy to seek in real time.

Bar Visualisation

Due to the large number of sensors,  and limited 
CPU-GPU bandwidth,  it was a challenge to update 
the heights of very bar on a per-frame basis while 
keeping above strict frame-rate limits to avoid VR 
induced sickness3.  After some prof ling,  it was 
decided to use a geometry shader to generate the 
bar mesh at draw time.  The height of each bar is 
sampled from a 1 byte per pixel,  single channel 
texture (less than 18kb) that is very fast to update.  
Moreover,  allowing users to point at a bar to select it 
required various tricks,  since Unity’s physics engine 
is not well equipped for such frequent changes.

Sensor

Chart

1.  Create cubic Bézier

2.  Approximate with line segments

3.  Relax approximation to make 
 points equidistant

4. Perturb to add animation
when simulated

Compressed state

Expanded state

Connecting vertices only to 
immediate neighbours leads

to zig-zagging

Connecting vertices to many
neighbours smooths 

the simulation

Figure 5.  Construction of the line’s initial state Figure 6.  Additional springs help to smooth the simulation

Elastic Ropes

To give the line connecting the sensor and window 
(see figure 4) a physical feel,  and to increase user 
engagement,  Hooke’s law was used to simulate the 
line as if it were an elastic band.  First,  a Bézier 
curve is approximated between the base of the chart 
and the top of the sensor’s bar (f gure 5).  Hooke’s 
law is then used to simulate springs joining the 
vertices of the curve approximation.  This creates a 
smoothly moving band that connects the chart and 
window.  W e noticed that simulating only one spring 
between each pair of vertices leads to artifacts (see 
f gure 6).  Adding additional springs between each 
vertex and non-immediate neighbours alleviates the 
problem.  
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able to bring up a set of windows charting 
data collected by the sensor.
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the windows to the sensor from which they originate can also be enabled.
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