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Spatio-Temporal Mapping
-A Technique for Overview Visualization of Time-Series Datasets-
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Numerical simulations have recently increased in scale and have often output high dimensional (three-dimensional
and time-evolving) datasets. This makes it difficult for users to quickly grasp physical phenomena involved in such
datasets. To overcome this difficulty, we propose a spatio-temporal information mapping technique with a
map-design capability (spatio-temporal map) by using an information visualization technique. The spatio-temporal
map is generated by mapping the values of a three-dimensional and time-evolving physical quantity into a
two-dimensional space with spatial and temporal axes. Here, three-dimensional spatial information is condensed into
one dimension by subdividing a target model with an octree. By using the map, users can quickly find regions of in-
terest involved in high dimensional datasets. In addition, users can interactively change several aspects of the map
such as its resolution and color coding method. Furthermore, users can design the map by changing the tree structure.
By applying the spatio-temporal map to a full-scale three-dimensional vibration simulator for an entire nuclear power
plant, we confirmed that the map is a useful technique to quickly identify appropriate regions of interest.

KEYWORDS: scientific visualization, information visualization, interactive visualization, user interface,
time-series dataset, large-scale datasets, numerical simulation data

I. Introduction

Numerical simulations have become a common scientific
approach in a wide variety of fields, including the nuclear
field. As the performance of supercomputers has increased,
such simulations have increased in scale and complexity,
and have involved higher numbers of dimensions. In some
cases, the results of such simulations can be terabytes or
petabytes in size, which makes it extremely difficult for us-
ers to evaluate such results, even if they spend a large
amount of time on this evaluation.

One effective solution to this problem is to specify a re-
gion of interest (ROI) that should be observed in detail.
However, in order to select an appropriate ROI, it is neces-
sary to observe the target data from various directions. This
often means observing a large number of visualization im-
ages, depending on the size or complexity of the target data,
and the number of time steps involved.

In order to effectively select the ROI, we propose a novel
spatio-temporal information mapping technique (spa-
tio-temporal map) by which changes in the data over time
can be visualized. Using the spatio-temporal map, the ROI
can be quickly identified and subjected to traditional visua-
lization techniques, leading to a large reduction in the overall
time involved.

Moreover, it is often impossible to transfer the entire set
of simulation results from a server computer to a client
computer due to the large amount of data involved. There is
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no definite way to observe such a large-scale and high di-
mensional datasets on client-server environment. Therefore
we propose a way to make the entire large-scale and higher
dimension datasets observable with relatively few data
transfers form server to client. By using the proposed tech-
nique, users can select the ROI on the client computer with
relatively few data transfers, and it enables them to transfer
only the data corresponding to this limited region to a client
computer. To achieve this, we developed a spatio-temporal
map design function in a client-server environment, allowing
users to interactively change many aspects of the map, in-
cluding its resolution and color-coding method.

As a practical test of the newly developed technique, we
applied it to a full-scale three-dimensional vibration simula-
tor for an entire nuclear power plant, and attempted to
identify ROIs with spatio-temporal features, for example,
regions that have the same or different stress cycles and re-
gions that are subject to high stress.

I1. Previous Work

To date, several different visualization techniques have
been developed to allow users to flexibly define and search
for ROIs. One such technique is to present them with a
spreadsheet which shows a large amount of image data enu-
merated in a manner they have chosen. Using this, users can
select the desired regions.” Here, an information visualiza-
tion technique is used for the selection process, and a
scientific visualization technique is used to generate indi-
vidual images corresponding to the results.
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Fig. 1

Another technique involves multi-dimensional data visua-
lization and the use of “parallel coordinates”.” This method
displays multivariate datasets of the simulation results. The
“parallel coordinates” technique is a method to show several
physical values at the same time. The axes are arranged pa-
rallel to each other, physical values are plotted on each axis,
and the plotted points are then connected. This allows users
to visualize changes in the physical results as a function of the
simulation parameters.

A technique using parallel coordinates to search for ROIs
in multivariate time series data was also proposed.” This
method combines the use of parallel coordinates and a time
histogram, and generates simulation results as
three-dimensional volume datasets. By changing the projec-
tion plane, these datasets can be visualized as histograms of
parallel coordinates and time. Cross sectioning can be used to
provide users with global information.

On the other hand, some techniques of the original data
reduction have been proposed,*” the effective technique that
can be applied to a variety of element form datasets hasn't
been found yet.

In the present study, to allow ROIs to be specified without
an oversight, we adopt a method involving the projection of
the spatio-temporal information onto a two-dimensional
plane. Our technique has no limitation on the data form of
input datasets, because it adopts data reduction using space
sub-division.

I11. Spatio-Temporal Map Visualization

The spatio-temporal map is a two-dimensional diagram
with spatial and temporal information along each axis. The
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Fig. 2 Two-dimensional color table (spatio-temporal map)

map is created as follows:

Step 1. An octree is created using voxel subdivision.

Step 2. A two-dimensional color table (spatio-temporal map)
is created using octree datasets.

1. Octree Creation

In step 1, to project three-dimensional information onto
one dimension, we create a hierarchical structure of a
three-dimensional target model by using voxel subdivision
(Fig. 1). In terms of data storage and transfer, making a per-
fect octree by subdividing the empty area doesn't seem to be
very efficient. However, the perfect octree can refer to a
sub-space of orginal datasets by dividing node ID by eight,
which is a notable feature. The subdivided voxel is then
represented by a hierarchical structure expressed as an octree
graph (Fig.1). In this way, the vertices of the
three-dimensional model can be represented in one dimen-
sion.
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Fig. 3 Adaptive tree graph

Octree is made in the initial state and tree node ID is al-
located in the each vertex. The tree node ID in each vertex is
not changed in all time steps. Mesh connectivity information
and topological information are not used. Therefore, allo-
cated tree node ID doesn't change even if topology is
changed.

2. Two-Dimensional Color Table

In step 2, a two-dimensional color table is created. In this
table, the horizontal axis represents the one-dimensionally
represented spatial information, the vertical axis denotes
time, and the color indicates the characteristic in each voxel,
such as maximum or minimum magnitude of physical value
in each voxel (Fig. 2). In this way, both spatial and temporal
changes in the data can be represented by a single diagram.

An advantage of this technique is that it assists to find the
ROI which has feature value, such as high or low. At the
same time, much information about distribution of physical
value can be obtained. For instance the change of value is
suddenly or gradually, or periodically, and so on.

3. Map Design Interface

We also developed a user interface function allowing in-
teractive design of the spatio-temporal map. To achieve this,
the octree nodes are color-coded based on the values which
show the characteristic of the sub-region, which are specified
by the user. The procedure is as follows. First, a hierarchical
structure and a tree graph are created (Fig. 1). As described
above, the nodes of the tree graph have a parameter
representing some characteristic of the sub-region. Graph
links are then cut based on the values of this parameter, and
the details of the hierarchical structure are decided (Fig. 3).
If the user changes the value of the parameter, the tree graph
is reconstructed at a different resolution. In addition, if the
user changes the nature of the parameter chosen, a new tree
graph is constructed. We call this type of tree graph an
“adaptive tree graph”.

IV. Visualization Method in a Client-Server Envi-
ronment

In a client-server environment, the amount of transferred
data needs to be considered, because it is sometimes im-
possible to transfer all of the simulation results from a server
computer to a client computer.

In our method, the tree graph is created from the
large-scale time-series numerical simulation results on the
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server computer, and its size is considerably smaller than
that of the entire dataset. This tree graph is transferred
quickly from the server to a client. Next, on the client com-
puter, the spatio-temporal map is created. This map can be
used for overview visualization, displaying the spatial and
temporal characteristics of the entire dataset. A spa-
tio-temporal ROI can then be identified and a request sent
for data in this region to the server; the server responds by
sending this data and this data only. This is then interactively
visualized and observed on the client computer. In addition,
information visualization techniques can be combined, al-
lowing evaluation of changes in the simulation results and
the errors involved.

The main merit of this technique is that users can change
the spatio-temporal map on the client computer according to
the type of information they want displayed. For example, in
the case of a mechanical stress simulation, users can observe
the map while changing certain threshold stress values. Also,
users can observe changes in the features of a particular area
in real time while changing the physical values being dis-
played.

V. Results

The proposed visualization technique was applied to the
results of “a full-scale three-dimensional vibration simulator
for an entire nuclear power plant”® which has been devel-
oped based on the finite element method at our research
center (CCSE/JAEA). A model was constructed with tetra-
hedral elements, and the nodes of the model were subjected
to Von Mises stresses. The model contained 26,047,774
nodes and 127,077,003 elements. The number of time steps
was 70. The size of entire datasets was about 300 Gbyte.

Experiments were performed on a Microsoft Windows
XP(CPU: PentiumM 1.6 GHz, RAM: 1 GB). In these expe-
riments, the window size of the rendering system is 400
*300 pixels.

A rectangular area was constructed to enclose the entire
dataset, and a four-level octree was generated, and its size is
about 13 Mbyte. The spatio-temporal map was color-coded
based on the maximum values of the Von Mises stress. The
spatio-temporal map in Fig. 4 (a) shows perfect octree for a
part of the nuclear power plant. Gray region denotes empty
sub-region. While the large-scale nature of the tree graph
makes it difficult to form a clear understanding, it is appar-
ent that there are some regions with high stress. To increase
the level of detail, the threshold is set interactively.
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Fig. 4 Spatio-temporal map; (a) result when graph is not cut, (b) result when leaf nodes are not overlapped, and (c)

result when region of maximum stress can be found

Fig. 5§ Location of a selected ROI on the original model

Figures 4(b) and (c) show the results for a threshold of 1,000
and 5,000, respectively. Figure 4(b) is result when leaf nodes
are not overlapped. From Fig. 4(c), a ROI which has a high
Von Mises stress can be specified, and its location can be
determined. Figure 5 shows the location of the selected ROI
on the original model. This example shows that it is easy to
specify the ROI by changing the threshold.

In addition, more detail can be observed in Fig. 4(c).
Namely, it can be clearly seen that the color variation pattern
is different between the left and right sides of the figure. On
the left side, the Von Mises stress values of the lower half of
the model are mapped on the spatio-temporal map. On the

other hand, on the right side, the Von Mises stress values of
the upper half of model are mapped on the spatio-temporal
map. Thus, it is clear that the cycle of the change of the Von
Mises stress is different between the upper and lower areas.
Finally, the ROI is specified, and the original data of the
specified ROI is observed (Fig. 6). By observing the spa-
tio-temporal map, the user can specify an area with a high
Von Mises stress value, because there is a possibility that
some phenomena are caused in such area. The location of the
area is determined using the spatio-temporal map, and the
user observes this local area carefully. In this case, we know
that the area is a part of the piping. This section of piping
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Fig. 6 Specification of ROI and corresponding detailed image using traditional visualization technique
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Fig. 7 Graphs of physical values on the selected ROI: (a) graph of movement in the direction of x, (b) graph of
movement in the direction of y, (¢) graph of movement in the direction of z, (d) graph of Von Mises stress

and its surroundings can be observed from various directions.

Subsequently, the physical characteristics of the piping sec-
tion are examined in detail using traditional visualization
techniques such as volume rendering, iso-surfacing, and
cross sectioning. In Fig. 6, we use a point base rendering
technique to observe the specified ROI. In this visualization
technique, Von Mises stress value on vertices of three di-
mension model is allocated to the color.

In addition, the physical values around the part of piping
are observed in detail. Figure 7 shows the physical value
graphs. The distribution of movement in the direction of x is
large, and the movement in the direction of y and z are com-
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paratively monotonic increase. It is understood to cause the
change from this in the direction of yz. Next, the graph of the
Von Misses stress is observed. The value in the area where
the value is high is no problem as structure.

In our experiment, the number of tree graph elements
does not exceed 10,000, and the rendering time is less than
0.1 seconds. The results of Figs. 4(a), (b), and (c) are ren-
dered interactively. The proposed method is necessary to cut
the tree graph. It is possible to cutting the graph less than
0.0001 seconds. Therefore, interactive operations are ac-
cepted in the proposed method.
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VI. Conclusion

In this study, we proposed the use of spatio-temporal in-
formation mapping technique to observe datasets of
large-scale time-series simulation. An advantage of our
technique is that it assists to find the ROI. At the same time,
much information about distribution of physical value can be
obtained. For instance the change of value is suddenly or
gradually, or periodically, and so on. The particular case of
finding the maximum value, existing methods could be effi-
cient. However, our method shows more information to meet
the interests of users. This technique was implemented in a
client-server environment, where users can decide the
amount of data transferred based not on the size of the orig-
inal simulation dataset but on the voxel subdivision number.

In our technique, topological information of the simulated
model is not considered. In the future, we discuss to create a
tree graph based on structural hierarchy.

Acknowledgement
This research was partially supported by the Ministry of
Education, Science, Sports and Culture, Grant-in-Aid for

Hiroko Nakamura MIYAMURA et al.

Young Scientists (B), 21700125, 2010.

References

1)

2)

3)

4)

5)

6)

T. Jankun-Kelly, K.-L. Ma, “Visualization exploration and
encapsulation via a spreadsheet-like interface,” IEEE TVCG,
7[3], 275-287 (2001).

M. Tory et al., “A parallel coordinates style interface for ex-
ploratory volume visualization,” /[EEE TVCG, 10[1], 71-80
(2005).

S. Yasuoka, N. Sakamoto, K. Koyamada, “An exploration of
multivariate time-varying volume datasets using volumetric
parallel coordinates,” Proc. the 7th EUROSIM Congress on
Modelling and Simulation, Sep. 6-10, 2010, Prague, Czech
Republic, (2010), [CD-ROM].

H. Hoppe, “Progressive meshes,” Proc. the ACM SIGGRAPH
1996, 99-108, Aug. 4-9, 1996, New Orleans, Louisiana USA,
(1996).

O. G. Staadt, M. H. Gross, “Progressive Tetra- hedraliza-
tions,” Proc. the IEEE Visualization 98, 397-402, Oct. 18-23,
1998, Durham, North Carolina USA, (1998).

M. Tani et al., “A Methodology of structural analysis for nuc-
lear power plant size of assembly,” Proc. M&C+SNA 2007,
Apr. 15-19, 2007, Monterey, CA, USA, (2007), [CD-ROM].

PROGRESS IN NUCLEAR SCIENCE AND TECHNOLOGY



	I. Introduction
	II. Previous Work
	III. Spatio-Temporal Map Visualization
	1. Octree Creation
	2. Two-Dimensional Color Table
	3. Map Design Interface

	IV. Visualization Method in a Client-Server Environment
	V. Results
	VI. Conclusion
	Acknowledgement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


