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Abstract—Method for Geography Markup Language: GML
based representation of time series of assimilation data and its
application to animation content creation and representations is
proposed. It is validated the proposed method with NCEP/GDAS
assimilation data. Also usefulness of the proposed interpolation
method with tweening method is confirmed for unequal time
interval of the time series data.
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l. INTRODUCTION

Geography Markup Language: GML" is proposed by Open
GIS Consortium: OGC? and is International Standardization
Organization: 1SO standard of open Geographic Information
System: GIS [1],[2]. It is available to represent 3D GIS data

with GML and also to represent time series of 3D imagery data.

On the other hands, four dimensional assimilation data is
available for four dimensional meteorological data
representations such as NCEP/GDAS®, NASA/DAO*, etc. It
allows visual perceptions and manipulations. Therefore, the
proposed method may be useful for such purposes with the
four dimensional assimilation data.

GML based representation is based on client/server system
essentially. Therefore, the required assimilation data have to be
searched and downloaded. Assimilation data search starts with
meta® search followed by actual assimilation data. Therefore,
data search procedure is required for implementations. Also
interpolation method is required for equalization of time
intervals between assimilation data because the assimilation
data is unequal time interval of data. Tweening® method is
employed for interpolation. Thus the equal time interval of
assimilation can be represented and manipulated smoothly.

! http://www.opengeospatial .org/standards/gml

2 http://www.opengeospatial.org/

® http://www.mmm.ucar.edu/mm5/mm5v3/data/gdas.html
: http://gmao.gsfc.nasa.gov/

http://ja.wikipedia.org/wiki/%E3%83%A1%E3%82%BF%E3%83%87%E3%
83%BC%E3%82%BF
® http://en.wikipedia.org/wiki/Inbetweening

The following section describes the proposed method
followed by implementation and experiments. Then conclusion
is described together with some discussions.

Il.  PROPOSED METHOD

A. Open GIS

Open GIS is proposed by Open GIS Consortium: OGC.
Open GIS allows collection of geographical data and
information through internet in terms of distributed data
servicing system based on client server model. Conceptual
configuration of Open GIS is shown in Figure 1.
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Fig. 1.

Conceptual configuration of Open GIS system

Meanwhile, abstracted specification of Open GIS is shown
in Table 1 On the other hand, implementation specification is
shown in Table 2. Implementation specification includes
simple feature, catalog, grid coverage, web map service
interface, Geography Makeup Language: GML, web feature
service, etc. Essentially, Open GIS system is web based GIS
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system. GML is XML’ based data description language for
geographical data.

TABLE I. SPECIFICATION OF OPEN GIS SYSTEM
Topic 0 Overview
Topic 1 Feature Geometry
Topic 2 Spatial Reference Systems
Topic 3 Location Geometry
Topic 4 Stored Function and Interpolation
Topic 5 The OpenGIS Feature
Topic 6 The Coverage Type
Topic 7 Earth Imagery
Topic 8 Relations Between Features
Topic 9 Accuracy
Topic 10 Feature Collections
Topic 11 Metadata
Topic 12 The OpenGIS Service Architecture
Topic 13 Catalog Services
Topic 14 | Semantics and Information Communities
Topic 15 Image Exploitation Services
Topic 16 | lmage Coordinate Transformation Services
TABLE I1. IMPLEMENTATION SPECIFICATION OF OPEN GIS

OpenGIS Simple Features Specification (for OLE/COM,CORBA,SQL)

OpenGIS Catalog Services lmplementation Specification

OpenGIS Grid Coverages limplementation Specification

OpenGIS Coordinate Transformation Services linplementation Specification

OpenGIS Web Map Service Interfaces limplementation Specification

OpenGIS Geography Markup Language Implementation Specification

OpenGIS Web Feature Service Implementation Specification

OpenGIS Filter Encoding Implementation Specification

OpenGI1S Styled Layer Descriptor lmplementation Specification

B. Process Flow of the Proposed System

Figure 2 shows process flow of the proposed GIS
animation and representation based n Open GIS. First, client
makes search request for date, region, layer, altitude spatially
and temporally. Meta data, then, is searched from the server.
After that, search results are down loaded from the server. It is
not always that the time interval is constant. In order to
demonstrate animation of assimilation data, it is better to show
equal time interval of assimilation data periodically. Server
provided assimilation data, however, are unequal time interval
of time series data. Therefore, some interpolation is required
for conversion from unequal time interval of data to equal time
interval data. Tweening is utilized for the conversion.
Tweening algorithm is as follows,

Assuming two data point values, A and B, i-th tweening
point, T; is expressed by equation (1)
T: AL« (B — z’l)f’;"\" (1)

where N denotes the number of tweening points. Tweening

points of the simplest case are shown in Figure 2. In Figure 2,
there are only two adjacent data (line in this case). The line

" http://ja.wikipedia.org/wiki/Extensible_Markup_Language
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which connects middle points of the two adjacent lines is
called tweening (in between line). Thus interpolations can be
done between two adjacent data.

Figurel Figure2
Middle Point
s Figure2
e Middle o
/’,// l// Figure2
/Figl.;rel In between line

Fig. 2. Tweening Algorithm

Equal time interval of assimilation data file format is
converted to GIF® for animation. Then animated assimilation
data can be represented.

Client Example
Date: 2012/06/01-2012/10/10

Spatial and Temporal
P P Region: 35 North

Search with Date, Region,

50 West
L Altitud tc.
ayer, Altitude, etc 35 South
l Server 20 East

Layer: Surface Air Temperature

File Retrieval from the Altitude: 1013hPa

Meta Database

Server
Adjust Animation Time
Intervals by Using
Interpolation Based on
Twining
Server  Conversion to Raster Image
Data value of the input spatial

searched File Conversion region is extracted with XSLT

to GIF
l Client Extracted value is transferred
GIF Animation to visualization program with

Representation ppm file format

Conversion from ppm to GIF

Figure 2 Process flow of the proposed GIS animation and representation based
on Open GIS

8 http://www.tohoho-web.com/wwwagif.htm
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C. Example of GIS Representation with NVIS of GRASS

Retrieved GIS data can be represented with NVIS® of
GRASS' software. GRASS is Free Open Source Software:
In the GRASS, there is NVIS for GIS

FOSS of GIS.
representations.

Fig. 3. Example of GIS representation with NVIS of GRASS software

D. Assimilation Data

NCEP (National Center for Environmental Prediction)/
GDAS (Global Data Assimilation Model) has 360 by 181 of
meshed data of air temperature, relative humidity, cloud
fraction, ozone mixing ratio, etc. at the number of altitudes
which are predicted every 6 hours a day. NCEP/GDAS is
described with GRIB format** and can be read with wgrib*? of
command. Example of NCEP/GDAS of air temperature on the
surface is shown in Figure 4. Also example of NCEP/GDAS
data of surface air temperature in GML expression is shown in
Figure 5.

Fig. 4.

Example of NCEP/GDAS assimilation data of surface air
temperature

I1l.  EXPERIEMENT

A. Meta Data Search and Assimilation Data Search

Web design is conducted for meta data and assimilation
data search. Figure 6 shows the designed web interface of
search engine. In this example, the entire query is input from
the dialog box in the Figure 6.

® http://nvisinc.com/index.php

1 http://grass.fbk.eu/

! http://en.wikipedia.org/wiki/GRIB

12 http://www.cpc.ncep.noaa.gov/products/wesley/wgrib.html
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The entire query is listed in Table 3. Meanwhile, the ranges
for the query parameters are listed in Table 4. Through this
web interface, the meta data and the assimilation data in
concern can be retrieved with the entire query of attributed
parameter for the assimilation data in concern. Then retrieved
data is obtained as shown in Figure 7.

<7xml version="1.0"7>
<GdasDatalodel>

<name>NCEP 1-degree Global Data Assimilation Model</name>

<Parameter>Temperature</Parameter>

<Unit>K</Unit>

<altitude>1000</altitude>

<boundeBy>

<Box>
<coord><X>-179.0</X><¥>90.0</Y></coord>
<coord»<X»180.0</X><¥»-90.0</Y></coord>

</Box>

</boundeBy>

<DataElement>
<Point>

<coord><X>-179.0</X><¥>90.0</Y></coord>
</Box>

</boundeBy>

<DataElement>
<Point>
<coord><X>-179.0</X><¥>90.0</¥Y></coord>
</Point>
<DataValue>266.000000</DataValue>
</DataElement >

<DataElement>
<Point>
<coord><X>-178.0</X><¥>90.0</Y></coord>
</Point>
<DataValue>266.000000</DataValue>
</DataElement>

seases

TYIrY]

<DataElement>
<Point>
<coord><¥%>180.0</%><¥>-90.0</¥></coord>
</Point>
<DataValue>241.100000</DataValue>
</DataElement>

<Time>2001-6-01-00</Time>
<GdasDatallodel>

Fig. 5.
expression

Example of NCEP/GDAS data of surface air temperature in GML

20|Page

www.ijarai.thesai.org



(IJARAI) International Journal of Advanced Research in Artificial Intelligence,

s .4:[_1 :TU }»/7[6 7«,av—¢@ T—b(l] s 2RO AAZH)

Q0 0 0 o mreEmw | mEE <, S
|l B, @il @ k—s 2 5UF ElNetscapecolp I R A Shop@ADL 237 »#w—2 % Fed Hat Network E3Support 23%hop £3Praducts|
| 2] Search geaspatial data by Time-.. | a

Search geospatial data by Time-space retrieval

Sosrch by time

tart Cate (2001 =] |6 =] [1 ]

nd Date [2001 =] [B =] [2 ]
Search by space

Harti
[po

Lot 100 [180 et
n

South

Leyer Select
Altitude
[ I

earch | Claar |

B Ed A& OFE) [ Ko Av b mp (0550 P [ F‘l‘rg

o %, 8 E INW) HE s, o

The GMP

& Feliono@gmDOnZ+isyukeny..

= seerch peospatiel data by Ti..
& isllono@gniin?.c/syuken..

Fig. 6. Designed web interface for meta data search and assimilation data
search
TABLE Il ALL THE QUERIES FOR SEARCHING META DATA AND

ASSIMILATION DATA

Title Value

Date Year
Month

Day

Hour

Minite

Second

East end

West end
North end
South end

Region

Coordinate System | Latitude resolution

Longitude resolution

Unit of geographical coordinate

Map projection

Object type

Layer name
Altitude

File name

File location

Format

B. Retrieved Assimilation Data

Example of the retrieved assimilation data is shown in
Figure 8. Figure 8 (a) shows the retrieved surface relative
humidity while Figure 8 (b) shows that of surface air
temperature. Retrieved assimilation data are obtained by
altitude by altitude and by time by time. Since the altitude
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interval and the time interval is not equal as shown in Figure 9,
interpolation is required in space and time domains. Tweening
algorithm is utilized for the interpolations.

TABLE IV. RANGES FOR THE QUERY PARAMETERS

Date 2001/06/01-2010/05/31
Geographica
I region North Boundary(-90-90 degree)

South Boundary(-90-90 degree)

East Boundary(-180-180 degree)

West Boundary(-180-180 degree)

Air temperature, Relative Humidity, Total Column Ozone,
Layer Name Cloud Fraction, Precipitable Water
Altitude 1013-100hPa

L T AME) BEE) ERY) VreFE FerI—UE) v—mD 940k ALFH

i @ @ 0 Q @ [% mpitiaz16a 010G bivrun. ool | [tz ] 5‘;0@

. B E3Mail @ h—h 2 53 [ Netscape.cojp O B £) Shop@AOL (57 22—2 % Red Hat Netvork SSupport (95hop 5P
|l Search Resut | [%]

Search Results M

Title File More ] File Location
GRS Ghid 0212 of a Bl foraat) ZUEIUEIE]EIE-/[I zﬂasl FGrbFLO. 01060605 THP_ 1000 sl itp: /182, 165.0. 100 gdas cata,/ 2001 06 06 06
GOFS Grid D=tz of a BML fornat|2001,/06/06/17) gdes1, PGrbF00, 040606, 12 THP_ 1000, sml|bitp: /192, 163,0,100/pdes_cate/2001 06 06 12
GWE Bricl Osts of & BHL fornet|=001,/05,/06,/ 18] sz PGrbr 00, 010605, 15_THP_1000 2ol |kt tpe/ /152 168 ,0, 100 gras_dst=/3001_06_05_10
GRS Grid Oata of a GHL fornat|Z001/06/07/00] eas 1. PRrbFm0. 010607 ,00_THP_1000 sl | hidn: /187, 163, 0, 100/pdas_cata, 2001_06_07_00
GFS Grid Dela of a BML fornat|S001,/08/07/17) gdas], PGrbFDo, 040607, [0 THP_ 1000 l|bidp: /187, 163,0,100/ pdes cate,/2001 06 07 17
BOFS Grid Osts of = BML fornat|200L/06/07,18) gdas], ParbF 0, 010607, L3 _THP_1000, sl bitp: /7182, 1630, 100/gd=s_data2001 06 07_18

iBHits

Your Input Data

[start Dotelbnd Date ftrth/pest[East{sath_ Layer | Aiti bk

0L/ | 00L/E/730 100 180 1| Teweratura 1000

Visualizaion and Animation

Transmission

(R B SFE] | FRadZbsmT (0157 4 =

Fig. 7.

Example of retrieved assimilation data.

Relative Humidity: 1000 mb

date : 2001/6/6 —> 2001/6/7
spatial domain : (80,100,180, 0)

unit: ®

2001/6/7 06

Start| End|

(a)Relative humidity
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Temperature: 1000 mb
date : 2001/6/6 —> 2001/6/7
spatial domain : (80,100, 180, 0)

wil: K

2001/6/7 00

Start | ﬂl

(b)Air temperature

Fig. 8. Example of retrieved assimilation data

Fig. 9.

Example of four dimensional assimilation data with equal space and
time intervals which is derived from those with unequal space and time
intervals through tweening algorithm of interpolation

After that, these assimilation data format is converted to
GIF format for animation representations. Thus animation of
four dimensional assimilation data representation can be done
as shown in Figure 10.
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Fig. 10.  example of the animation of four dimensional assimilation data
representation

IV. CONCLUSION

Method for Geography Markup Language: GML based
representation of time series of assimilation data and its
application to animation content creation and representations is
proposed. It is validated the proposed method with
NCEP/GDAS assimilation data. Also usefulness of the
proposed interpolation method with tweening method is
confirmed for unequal time interval of the time series data.
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