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GEO Grid

Grid-based e-infrastructure for geosciences

h at 1Is GEO bh GEGGId

e-Science infrastructure on heterogeneous data archi

— Aims to contribute GEOSS 10years plan —y
— Core archive contents: our satellite sensor data = E

« ASTER satellite images = 150TB(1500,000 scenes, y2000->) http:)/WWW.qeoqmrij_;-rq
* Now extending to manage (Petabyte-Scale) PALSAR,PRISM etc. (y2006->)

— Can Federate with other data resources
« Satellite sensors: FORMOSAT-II,MODIS,Landsat, etc
» Heterogeneous GIS data: Geological maps, Sensors.

- Supports Standard Technology =
— OGC(GIS) and OGF(Grid) ,
o Supports VO virtual Organization)-\mmai‘;.v;‘ei‘? = =

'1 Service Registry
3

. VO for Vofor Disasters VO for Geolo »
based security (voms) Erironmn (iSBesmgotsske T

1 ign Data ‘/,/— ‘,,4 ‘ —= ‘ —
i £ [ & g £ -VO Registration
B O rg a n Ize resea rCh CO m m u n Itl eS Pr:::::l:?- \—f N = \,f \,f - Service Registration
DataService  Satellite data Satellite data  Data Service - Service Search

— ProteCt |mp0 rtant data [(MODIS] FEEJECX?\;IE processing [ASTER]
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http://www.geogrid.org/

GEO Grid

Grid-based e-infrastructure for geosciences

Application Model prediction, evaluation,
Alarm official announcement, etc.

Web2.0 based
User Interface

Open Geospatial Consortium (OGC) [etililiit

S t T T cTant Web Service Workflow Tool
u O e it | QhS—
PP WES WS 508 '
OGC Standards B . Open Grid Forum (OGF) Grid Security Infrastructure
compliant infrastructure rx;ﬂ;ocﬁ?anization
AIST: OGF Gold sponsorw
Data Grid & Database Federation
Grid-based S Sk
Infrastructure

Computing Grid
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Grid-based e-infrastructure for geosciences

| k\/arious Datin EO Grid

Linked by: Satellite Images

- I tion
Geoloca .o | | <ASTER
- Observation/creation time )
=150T8B,1,500,000scenes

- Specific parameter

*MODIS
*PALSAR
Sensors Raster DATA = GeoTiff/WCS or
<PEN WMS
=2 SensorML/SOS GIS Data

/ eGeological maps
eRoads,railways, etc

Sensor DATA Vector DATA 5 .\, urs

- Owned by institutions/organizations

- Many of them are not free
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Grid-based e-infrastructure for geosciences

“An Example Application in GEO Grid

Creating a Hazard Map for Landslide

1.
2.
3.

Integrate various databases over multiple & distributed organizations
Perform large-scale simulation using the data

Create a Hazard Map and Visualize it .
P Visualize Hi-Resolution Hazard Map

GIS Data Rain Sensors

Digital Elevation Map Neural-Map based Data

Created by Mining / Landslide Simulation
ASTER Satellite Images on Large Cluster Computers




GEO Grid

Grid-based e-infrastructure for geosciences

GEO Grid : VOI\/IS enabledOGC Services

* All OGC Services are being VOMS-enabled(GridSite-based solution)
* AIST Original Implementation of CSW
CSW (Catalog Service Web)

_WFS(Web Feature Service) | AIST-CSW implementation
- SOS(Sensor Obsen/ation Service) F

GIS Data_ Rain Sensors FYY 701"557'

User Created Maps

o gl v
pee *JE’iJ/(iy,ﬁj

Neural Map based Data Mining &
Landslide Simulation on Large Clusters

Digital Elevation Maps

\

WPS (Web Processing Service) ]




GEO Grid

Grid-based e-infrastructure for geosciences

=

Gb Grid : C;\rid Layr

1. Public Domain/ Open Source Solution

2. Our Original Software User&Credential

Database ) Distributed Management
Integration File System __Tsukuba-GAMA
OGSA-DAI&DQP . Gfarm . oorta
extensions AM%Q?Z;M ot T
Tiled Wall

Tiled Wall Browsers
: (not Display)

Job Exectuion

wuTr—a~r—zhonisE:  Globus/GRAM
FAULM - K3AE N 5B Y

Security
VOMS




e GEO Grid

== Grid-based e-infrastructure for geosciences

——

Other Application Examples

Global roads development using WPS (ECO VO)
Field sensor data integration using SOS (FON VO)

Shake amplitude estimation using WPS (GHz VO)
Landslide application using WFS and WCS (GHz VO)

Registry for geological data (GSJ VO)

Applications are constructed with OGC services and
associated with specific VOs




GEO Grid

Grid-based e-infrastructure for geosciences

Field sensor data integration at
Field Observation Network (FON) VO

g’celllte Data j WCS WES

*t Calibration

Validation

feEE #
WHENES W F oy B OB o#
® Lo® koW £
08
1
]
b 3

Auxiliary data

0P
7))

Global products IO )&
i Ground-based data

Global carbon cycle
Climate change predictions
| Evaluation of global warming




GEO Grid

Grid-based e-infrastructure for geosciences

'ASTER| |mage processmg to detect
global roads development

Has high spatial resolution (15m/pixel)
Has an excellent geolocation accuracy (o< 7.5 m)
Covers almost all of the land and still accumulating data &

But not freely dlstrlbutable

L ey | ROAd extraction
e ‘ Automatic algorithm

Snake Algorithm 3
by U-Tokyo |

* Result comparison with previous
road data and correction

Acces corl -Ievel
» authentification and authorization
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Grid-based e-infrastructure for geosciences

Land Use/Land Cover Change

» Create Land Cover maps from satellites
 Calibrate with Digital Confluence Project







GEO Grid

Grid-based e-infrastructure for geosciences

SII\/IS VO based Userlnterface for
Federatlng Distributed Databases

e mnmemeT e F « User interface is constructed as
GEGGd e JSR168 porlet on GridSphere

TSP e | p—

L et | * Provides WMS Interface(in SIMS-II

oooEEaE el mpedy = peines. ’3 GridSphere Portal - Microsoft Internet Explorer

Db-mltlcm Period [yyyy mm-dad). r
Fram IrAE RERE RTW BREADG WD ANTH 7z
Ta:

Search Area- OEE) 7 Iﬂ IE' .'\- F | EE ’\33{77[;]\0 6“‘ T =1 I-a T @ j“i
s FELAD @https://gfm45.apgr\d.Drg/gridsphara/gridsphere’?cid 113&es_action=zearc hébbox=120119926666666,30. 74 74466665669,1 47 61 BO26666668,39.9954 466666660 hd a ah
= Google [G VEE RO O R A S B | m-s Binmm > Qms. @
Diata Qusdity:

2007-06-20
00:44:04

FORMOSAT— ’
Within the Service = e

Access database using OGSA- .
DAl Java API < A

Submit image analysis via
GRAM

— Retrieve input data from
GridFTP server

2007-08-21

2007-06-25
02:05:33

[ S

2007-06-27 2007-06-28 2007-06-28 [
02:25:29 NREpR | 12:42:13
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Grid-based e-infrastructure for geosciences

Database Federation

SIMS portlet
Integration Framework  JEKe [ =TaVA e F-1E-)
with OGSA-DAI - create web page which

L

G B
i 4
s

\ -

A Web
Map

' wn
Service .

0p)
O —
—

SQL

y <
Gows

SQL

Application m

OGSA —
Server DAI

Database Server Database Server
(Sybase) (PostgreSQL)
——
NSPO@TW AIST@.JP - <
OROSAT—Z T TR ™ ASTER MODIS

OGSA-DAI Cliant shows thumbnail images
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Grid-based e-infrastructure for geosciences

Current Work(1):Heterogeneous
Database Integration Framework

Based on OGSA-DAI and OGF WS-DAI

Extend it to provide heterogeneity
: OGSA-DQP

!, — - OGSA-DQP
xtensions Extensions _y ~y
~
Y,
OGSA-WebDB Search Engines

X

\
4

client

OGSA-DAI

Relational DBy

pe 155
e

Internet

* Qur Feature: Supports XML Databases,
Web Databases and RDF Databases
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Grid-based e-infrastructure for geosciences

~Exam ple(DQP extension@AIST)

 |Integration of WebDB,
relational, XML data

<authors> = e e :,
<author> B
<name>Steven Lynden</name> | i CiteSeer.IST
<field>Crid Computing</field> recid m B
</author> column o e =
<author> nare column type title
<name>..</name>
<field>.</field> author string authors
</author> title string sniapshot L
</authors> el I string |
AUTHOR PUBLICATION CITESEER

XML Databases Relational Databases Web Databases
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Grid-based e-infrastructure for geosciences

OpenXML

t xauthor.name, publication.title,

<authors>
<author>
<name>Steven Lynden</name>

sele

- - <field>CGrid Computing</field>
citeseer.url, xauthor.field </author>
trom publication, citeseer, <author> ,
<name>..</name>
OpenXML( <field>.</field>
author,

</author>

"//author”, < Jorthores
"//name/text() name, //Tield/text() field*

) as xauthor

where publication.title=citeseer.title
and xauthor._name=publication.author; <author>

<name>Steven Lynden</name>

<Field>CGrid Computing</field>
</author>

<author>
<name>..</name>
<fField>.</field>

</author>
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Grid-based e-infrastructure for geosciences

Curr%‘ent Work(2)

AlST CSW: oGc Catalog Service Web Implementation
e Supports CSW2.0.2 ¢ oo
— FILTER & CQL(Subset)
— Transaction/Harvest

— Distributed Search
(Implementing)

Various Schema Profiles

— (Dublin Core)

— 1SO19115

— ebRim EO Profile

— JMP(Japan Metadata Profile)

] LOur CSW Client
« EXxtensions « VOMS-enabled

- » OpenLayers
— Ontological Search R E. EH@ERTHE R B A
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Grid-based e-infrastructure for geosciences

AIST-CSW:':Search engine approack (same as GENESI-DR)

« Constructed on top of Search Engine Software
— WISE http://www.bsearchtech.com
« Why not RDBMS? :Simple,Flexible and Fast
1. Query is relatively simple
. CSW Query does not require joins as in SQL
2. Search is Information Retrieval Style
« Ranking/Scoring is useful
3. Keyword match based uniform Access to various schema profiles

Dublin Core, ISO, ebRim EO,JMP(japan profile),,
« Flexibility for schema is essential= > Text Search

4. Search Performance is good

« Metadata is append only(almost no updates)
« Especially when the result set is huge

g s R =



http://www.bsearchtech.com/

<?xml version="1.0" encoding="UTF-8" ?>
<getRecordsResponseType xmlns="http://www.opengis.net/cat/csw/2.0.2" xmins:ns2="http://www.opengis.net/ogc" structure for geosciences
xmlns:ns3="http://www.opengis.net/gml" xmins:nsd="http://www.w3.0rg/1999/xlink" xmins:ns5="http://www.opengis.net/ows"
xmins:ns6="http://purl.org/dc/elements/1.1/" xmlins:ns7="http://purl.org/dc/terms/" xmins:ns8="http://www.isotc211.0rg/2005/gco"
xmins:ns9="http://www.isotc211.0rg/2005/gmd" xmins:ns10="http://www.opengis.net/gml/3.2"
xmins:ns11="http://www.isotc211.0rg/2005/gts" xmlins:jmp20="http://zgate.gsi.go.jp/ch/jmp/">
<SearchResults numberOfRecordsReturned="100" numberOfRecordsMatched="98"> <jmp20:MD_Metadata>
<jmp20:identificationinfo>
<jmp20:MD_Dataldentification> <jmp20:citation>
<jmp20:title>2075 4 D 1% &30 E BMEM 17 & |</imp20:title> <jmp20:date>
<jmp20:date>2004-12-01</jmp20:date> <jmp20:dateType>002</jmp20:dateType>
</jmp20:date> </jmp20:citation>
<jmp20:abstract>207 2 D1 E FiF(L, BEFEOMEEHICESNT, ELERRETO20H2OHBROZATLOREEIHES
LIt BRTY, COHERERIL, REHTHAMERZHEILLI-HDTY, </jmp20:abstract>
<jmp20:pointOfContact>
<jmp20:individualName>CD-ROMER S 44E: EHME-RA/I W, BRVATLER: BABN M &, T—2K% S6EH
—-BAER, RINT—HMER: BEH— P RHE, SAS—ERT—HMER: I & AT BT, £ T R EME
</jmp20:individualName>
<jmp20:organisationName>FE R H T4 S AR T B HE KL & 2 % —</jmp20:organisationName> <jmp20:contactinfo>
<jmp20:onlineResource> <jmp20:linkage>http://www.gsj.jp/HomePageJP.html</jmp20:linkage> </jmp20:onlineResource>
</jmp20:contactinfo> <jmp20:role>009</jmp20:role> </jmp20:pointOfContact>
<jmp20:descriptiveKeywords> <jmp20:MD_Keywords>
<jmp20:keyword>205 23D 1, NIk, BEHER, R 5. PETEES, AMEVEEES. HE</jmp20:keyword> M eta d ata
</jmp20:MD_Keywords> </jmp20:descriptiveKeywords>
<jmp20:language> <jmp20:isoCode>jpn</jmp20:isoCode> </jmp20:language>
<jmp20:characterSet>023</jmp20:characterSet> Exa m p I e
<jmp20:topicCategory>008</jmp20:topicCategory> <jmp20:extent> <jmp20:geographicElement>
<jmp20:EX_CoordinateBoundingBox> <jmp20:extentReferenceSystem> <jmp20:authority> <jmp20:title>il £ i%</jmp20:title> I S O / J M P
<jmp20:date> <jmp20:date>1960-07-01</jmp20:date> <jmp20:dateType>003</jmp20:dateType> </jmp20:date> </jmp20:authority>
<jmp20:code>TD / (B, L)</jmp20:code> </jmp20:extentReferenceSystem>
<jmp20:westBoundCoordinate>130</jmp20:westBoundCoordinate>
<jmp20:eastBoundCoordinate>131</jmp20:eastBoundCoordinate>
<jmp20:southBoundCoordinate>31.333333</jmp20:southBoundCoordinate>
<jmp20:northBoundCoordinate>32</jmp20:northBoundCoordinate>
</jmp20:EX_CoordinateBoundingBox>

(ATHE)




<rim:ExtrinsicObject id="urn:uuid:bce71bb1-d71b-40a9-ae91-201chfdc6le7" objectType="urn:x-ogc:specification:csw-ebrim-
cim:ObjectType:DataMetadata”>

<rim:Slot name="modified" slotType="dateTime">
<rim:ValueList> <rim:Value>2006-06-15T15:00:00Z</rim:Value>
</rim:ValueList>
</rim:Slot>
<rim:Slot name="envelope” slotType="“geometry”>
<wrs:AnyValue xmlns:gml="http://www.opengis.net/gm|"> <gml:Polygon srsName="EPSG:4326">
<gml:outerBoundaryls>
<gml:LinearRing>
<gml:coordinates>139.4282,35.4882 140.2614,35.4882 140.2614,36.1379 139.4282,36.1379
139.4282,35.4882</gml:coordinates>
</gml:LinearRing>
</gml:outerBoundaryls>
</gml:Polygon>
</wrs:AnyValue>

o Metadata

<rim:Slot name="title" slotType="string">

<rim:ValueList> <rim:Value>URI: { Example

"uri": "http://maps.geogrid.org/mapserv/ms_aster.pl?", .

"option": { b R
"LAYERS": "ASTL1A_0606161247510612129002.dat", e Im
"SERVICE": "WMS",
"VERSION": "1.1.1"

}

<rim:Value>THUMBNAIL-URI: {
"uri": "http://www.geogrid.org/cgi-bin/thumb.pl?",

"option": {
"res": "small",
"type": "jpeg",

"filename": "ASTL1A_0606161247510612129002.dat"

Value>
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Grid-based e-infrastructure for geosciences

Form OGC Filter:
Query AND&OR of fileld conditions
= (Ne Joins as in SQL)

e ~~ p

Architecture

« Extensible
*Parse the Query and decompose

set of iIndexes Send Subqueries to each indexes
* AND/OR operations of intermediate results )

— FullText ~
— Polygon J— @ inverted

File

(Rtree and/or geometric library)

— Numeric
—etc , Numeric - DateTime
ISO Polygon Polygon Full Text FLOAT
ISO extractor index Index <cloud>
. rim Datetime <polvaon>
Aol extractor ~ "dex Polyy XML »
% = . <gate:
Information is extracted from each fields e e

and stored into the separate indexes. <date>2005</>
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Grid-based e-infrastructure for geosciences

rinzo.ma: User Interface
for OGC Web Services hitp://www.rinzo.ma

Browser-Based W*S Interface & Mashup Environment
* Highly customizable Plug-In architecture
» Utilizes javascript/Ajax/Openlayers
» Supports WMS ,CSW, etc.

. Developtd AIST now at Shizuoka Univ.

=
= = - R ]
| 2 G
Lincale: @D @
By - ol g
o 5 oVt \

Works withh our Tiled Wall Browsers(TWB)
(NOT Tiled Wall DisplaysY)
« TWB: Federation of Full-Screen Web Browsers



http://www.rinzo.ma/
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Grid-based e-infrastructure for geosciences

Gfarm Distributed/Cluster File System

http.//datafarm.apgrld.org/ (Initially developed at AIST, now at Univ. of Tsukuba)

Gfarm Provides:
— Global naming space for distributed files.
— Replica Management functions.

/gfarm
Nual directory tree
f _ @ File system:metadata

aist trc filel ~x:--file2 xc..
\ \\\ N -:::~ __________ ——
\\\ ‘\\ \\\ ~‘~\\~~ ________________ ~—
N

S N ~

file1 file2 file3 filed ™. \\% T M
File replication %

‘ Gfarm file system Mapping

al



http://datafarm.apgrid.org/

GEO Grid
Gfarm file system

Grid-based e-infrastructure for geosciences

Files are fragmented and distributed.
— Global Replica Management
— Interoperable with existing Unix applications(system calls).

/gfarm
= = < » Client

Gfarm metadata server |metadata T 5 PC

- —— e e
File system node File A | i Flle A : Client
Flesystemnode [ [FleBJoc]| = [FleCl~— | _PC >
File system node | File A | 'File B’ i NES
File system node File B | (_3_f _____ +—| Samba,

_ L—J% ,orarm GridFTP
File system node File CJj| ! file system | server
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Grid-based e-infrastructure for geosciences

Secuva Framework fov GEO Grid

Tsukuba-GAMA

Provide an Integrated
Credential Management

Can cooperate with

* OpenlD

« Username/password
etc

Case A:

OpenlD i

username

password ’
OpenlD

——

!

|
|
- —
\ EOGndPortal
Case B:

username .. ..

c
User

password -
E : VOMS-enabled
Account DB Proxy Certificate
Credential Reposito ad
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Grid-based e-infrastructure for geosciences

OpenlID Login

___ OpenID 1BINE S 1 207 7 T 0penlDESEIT 2T ~TD
AL, FCERTLAATEET,
Idn Op( ;n I D 1[G EERS 1 2O 72 AT OpenlDE=ZEEIF ST T
AL, TCERTRILHTEE S,

2| FHIVVER | 057

http:#/naotaka.openid. ne_jp/

OpenlD 5 Accept Once
ﬁ-ﬁs tAfefndlapgrid.org:d for GEO Grld Portal ifvRegquest T

i Openid http://nants
EEI?‘JLG){IEIATE?E.E—‘EEL;TL\%;&L\?UEHH%E'ELILE‘Q“Q
https:/fefndl capgrid.arg: 1Sflflﬁfgr|d5phere,-”gr|d5phere'?|:|d:npenidlngin&gs_actiun:verifyﬂequeat [

s[BAT &I B A B R BN T oy DL BEEL T 28

| —EERIEET || SEmeEwiR || SREHES |




GEO Grid

Summary
GEO Gnd Implementation Features

« Supports OGC standards
— VOMS-enabled OGC services
— AIST CSW implementation

« Supports OGF standards 22 ey e
echnology
— OGSA-DAIIDQP/RDF extensions
— Gfarm

— Tsukuba-GAMA
We want to collaborate with other projects

Extending the
Community
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