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Background

 The following OWS-4 demonstration was created by OWS-4
participants to showcase the applications of OGC standards within
the Earth Observation community and to demonstrate the value of
interoperability in that environment
— OGC specifications used:

» Sensor Observation Service (SOS)

« Sensor Planning Service (SPS)

» Sensor Alert Service (SAS)

 Web Processing Service (WPS)

e Catalog Service (CSW)

 Web Coverage Service (WCS)

 Web Feature Service (WFS)

 Web Map Service (WMS)
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Participants

NASA/NVightel EO-1 team

— SPS, SAS and SOS access to the EO-1 system
NASA Geosciences Interoperability Office

— NASA Earth Science Gateway catalog & portal
Washington University

— Modeling/Analysis & Web Processing Services
George Mason University

— BPEL workflow execution & WCS

ESA/Spot Image/Spacebel

— BPEL workflow execution and tasking via SPS
Fraunhofer, Conterra

— Geo-Digital Rights Management
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Scenario

It is hurricane season in the Eastern United States.

Modelers and disaster response officials use interoperable
data collection, modeling, and analysis systems to quickly
create new information to assess flooding resulting from a

hurricane.

— Meteorological model output is used to estimate location
and time of landfall impact

— Satellites are tasked to collect new images of the area
after hurricane impact

— Images are processed to identify flooded areas
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Value Proposition

For Human Assistance and Disaster Recovery

Hurricane, Wild Fires, Tsunamiis. ..

* DoD/NGO First Responders

— Quickly Discover Available Imagery, Imaging Services/space
Assets

— “Order” Real-time Custom Products With “Guaranteed Next Day
“Delivery” to Their Location Anywhere in the World
* Rich Mix of Capabilities/quality:
— From 30m to 1m, Panchromatic, Color, Hyper-spectral, Multi-spectral, 3D...
» Chinese Menu of Possible Products
— Fire, Contaminants, Water/Flood Coverages...

— Subscribe to Data and Get Real-time Notifications When It
Becomes Available

— Access From the Web For Free (Special Click-Through License
Avallable to Trusted Identity Providers)
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Scenario Steps

Data & Service Discovery
Model Output Processing
Satellite Tasking

Analysis Workflow Processing

A
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Scenario Components
NASA Earth Science Gateway

“Register”

1 “Discover” “Subscription”

4 “Order”

.

XML
SCRIPT

3 “Got Data”

L1G
Subset
GEOTIFF
UTM

4—
Publishing to SAS

EO1.GEOBLIKI GMU DEMIS
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1. Data & Service Discovery

Analyst searches NASA ESG CSW catalog for sea-

level pressure forecasts and finds the GEOS-5 model

accessible via WMS & WCS

Earth Science Gateway

Mational Aeronautics and Space Administration

View in World Wind View in Google Earth Space Time Toolkit

ContextDocument ID: 42F0278C-D83C-DTEC-1222-TCIT3CE288AT
Title: SO WMS - GEFCST

Welcome! Home - Language - Sign In

Home Browse

Description: The MAP 96 Project =0 named for itz affiliation with NASAATs WMedeling, Analyziz, and Predictio )
program, applies NASAATZs advanced =atellits remote =enzing technologies and earth system modeling capab to

improve our understanding of tropical cyclones that develop in and move across the Atlantic basin. MAP "08 implement:

| Fle ¥iew Map ADI Tools Help
VUES Assistant

the Grid point Statistical Interpolation (GSI) h

g

yatem under dev it az a collaberation between NOAA's
Natienal Centers for Environmental Prediction (NCEP) and the Global Medeling and Azsimilation Office (GMAQ) at GSFC
additien, the capability te initializs th eather Rezearch and Forecast ( } regional model uging GEOS-5 was
developed and implemented. The project began in the early portion of the 2008 hurrican azon and continued throug
late autumn.

What do you want to do?

€ 26

@‘ Maps Originator: NASA Science Vizualization Studio
“| Browse, edit and create maps )
@ Locate R0
“ Locate area of interest Last Updated: 2008-12-08 17:45:28
Q Search
Find services, data, and products View Details
a Login
Register or login to the site
a Save

Save searches, resufts and AOI
Print
Z Print map or search results

the most recent version of the Goddard Earth Observing System (GEOS) fifth-generation global atmospheric model and

2

.In

h

Metadata Information

Application ID: 1F1082E6-EE38-BED4-COFE-DEAAEBCER24T
Title: Geospatial Processing Service

Description: #eb Processing Service provided by DataFed. Provides the following operations: Time4ggregate,

RegionAggrepate, SpaceAggregate, MapGridOperator. Add/Substract/|ubiply/Divide/Evaluate
Originator: DataFes

Rank: 75.0

Last Updated: 2005-12-08 13:07:12

Europepsi
orth Amerioa T o

Sirica
South America Austral
Oce

Artacotics
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— 2. Model Output Processing

Analyst uses a data filtering processing service in
DataFed to analyze model sea-level pressure
estimates for values below a specified threshold that

serve as one input in determining potential hurricane
landfall

& Voyager Web Services - Mozilla Firefox BE=] & Voyager Web Services - Mozilla Firefox

Fle Edt Wew Go Bookmarks Tools Help Fle Edt Yiew Go Bookmarks Tools Help
I = > T

@--8 7Y [ 1 hpoitwebonps.dotafed. netjdatofed. apctdatase:_abby=GSFCST

A
DT 2005-03-11

- ORIEL tafed.netidataf _abbr=GSFCST
[+ k |
o

Delivery: DataFed het
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3. Satellite Tasking

O
5

= Two satellites, EO-1 and Spot, are tasked via SPS to
capture imagery over potential hurricane landfall area

EO-1

Ej -lvttp:ﬂ;oil-.geoﬁﬁl;l-.cw-wf;\asl;{ng - Microsoft Internet Exploret ﬁ
Fle Edt View Favontes Toos Heb ks ® | Coogle G [wle? Qsetinsw ¥
Q- © ] A Lowe Joreens @ - =L E @B
Address | @] http: o 1, gesbiki comjuf/taskng :] Go

-
GeoBliki

EO1 Tasking

Use crosshair tool to select latllong from the map

) GeoBliki: tasking - Microsoft Internet Explorer
Day/Night: Day [¥|
- Fle Edt View Favontes Toole Hebp
Latitude 40692 I
A g 1 [~y @ | N
onguce e Qs © B EAG P frrowes @

GetFeasibilities

35 -é:l http: ffec 1, geobiki.com fwis/tasking/task_requestflat=40,6925day =20

Linda,

Satellite EO1

Path 14
Row 32
Latitude: 40 692

Longitude: -T4.182

Date 2006-12-08T15:21:00Z
Instrument: | hyperion L\:J

Priority normal ZI

Cost 1913.75

Comments: OVWS3-4 Dem[%

[ submit task request |

retum to main pags

SPOT

Heterogeneous Missions Accessibility Environment

Grasn faaburar

Soleted Layars

Hillshadng {vinibla) wa

Cepsiapn Lintis < -
v

styles

(Default style} v
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-~ 4. Analysis Workflow Processing

= Analyst executes GeoBrain BPEL workflow on EO-1
Image to derive flood areas using DataFed
MapGridOperator Web Processing Service

¢ Run Debug VYersioning Tools Window Help

AR a merd@TAdEne R

| &3bpelmi]| &ibpelxmi| =G clipping.bpel | %8 EO1.bpel| @wps_tlippingRefwsdl| Selippingwsdl| 3
D B FTEHA o Diill Do Stack 34 W — :
ev Edit Copy Rule
"y
; From To
@ p Assign_GrdOperation oo T © | T+ (s >
s
chert = _ T
Exprassion ‘ariables
: - & = =3 Process
£y 'a/b! = {J variables
Tel E @ ED + ﬂ inpuiVariable
+ | owtputvartable
GriOperation |
Invoke_GridOperation : = 1] L:-mlm_mmopmmm_mmn_mmvu
L = E) parameters
— =40 ns4 Evaluate
' < 54 expression
General | Comelations | Sensors | Adapiers | Annotations & < nsdgrid0
£t nsdgridl
) = 4 nsd.GridAdjustSettings
Mamme: Irveoke_GridOperation il
Ao O Partner Rale Yab Serice Interace # L) Invoke_GridOperation_Evaluate_OutputVi
Y Partner Link i GridOperation =
Operation. | % Evaluate w
o < |
replyOutput - i -
Input Variable: | 3_Griddperafion_Evaluale_inpufvariable  # 'O [ ghow Detaited Node Information
DE'I"LII"-[%EINE' GridOperation_Evaluate_Outpuvariable | 2 3 P8 | /nsd: Evaluate /sd: expression |
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5. Decision Support System

o Output of BPEL workflow is available as a Web
Coverage Service (WCS)

N 'r.' he World to Communicate
Geographically



Architecture (1)

NASA Earth Science Gateway

“Register”

14D ”
T oOrsCover

“Subscription”

A

.

XML
SCRIPT

3 “Got Data”

L1G
Subset
GEOTIFF
UTM

4—
Publishing to SAS

EO1.GEOBLIKI GMU DEMIS
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Architecture (2)

NASA Earth Science Gateway

“Register”

14D ”
T oOrsCover

A

“Register”

Secure
Transaction

O G C EO1.GEOBLIKI Fraunhofer Con Tege%ing e World to Communicate
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Future Work

* Applying Geodrm Standards in the Sensor Tasking Step
* Decoupling Services in BPEL Engine

« Parallel Tasking of Sensors (International Collaboration)
 On-demand Data Provision to Decision Support Systems
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OGC OWS-4 EO-1 SWE Demo - 2

“Register”

14D ”
T oOrsCover

“Subscription”

3 “Got Data”

L1G
Subset
GEOTIFF
UTM

?l} Publishing to SAS

EO1.GEOBLIKI GMU UAH GMU DEMIS
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NASA Earth Sciences Gateway

GEOBLIKI's

EO-1 SWE Demo - 3

WUSTL
UAH

1 JPL
GMU
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OGC

Spot Image

L1A
GeoTIFF
Image
Coordinate

OGC OWS-4 SPOT SWE Demo

ESA, SPOT IMAGE, SPACEBEL

“Discover”

“Register”

&

BPEL
SCRIPT

6

ESA

1

L3
GeoTIFF
UTM zone

Spot Image

(7a) (7b) (2.8)

lonic DEMIS etc.
Spot Image
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OGC

OGC Potential International Capabilities

“Register”

“Discover”

“Register”

&

BPEL
SCRIPT

Science Community Web Services
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Links

GMU

— http://geobrain.laits.gmu.edu:8098/bpel.
NASA ESG

— http://esqg.gsfc.nasa.gov

EO-1 SWE Data Node

— http://eol.qgeobliki.com

DataFed WPS

— http://webapps.datafed.net/datafed.aspx?
— http://webapps.datafed.net/datafed.aspx?page=OWS4/EODemo
Spot Tasking

— http://hma.eoportal.org

— http://services.eoportal.org
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http://webapps.datafed.net/datafed.aspx?page=OWS4/EODemo
http://hma.eoportal.org/
http://services.eoportal.org/
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NASA Earth Science Gateway (ESG) Conceptual Overview

ISO & OGC
Interfaces

Earth Science
Gateway

Portrayal
Services

Processing
Services

Catalog

Workstation Services

Applications,
Thick Clients

A Y A

e

Extensible, open service-oriented architecture
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NASA Earth Science Gateway (ESG)
Catalog Features

* Registering variety of resources including OGC services (WMS, WFS, WCS,
context documents) and earth science resources (documents,contexts, etc).

« Harvesting metadata from OGC services by mapping a service’s GetCapabilities
response to the latest OGC ebRIM profile.

* Describing resources using FGDC and ISO 19115 metadata.

« Harvesting Z39.50-enabled clearinghouse nodes such as the Global Change
Master Directory (GCMD) & the Global Spatial Data Infrastructure (GSDI).

* Querying other CS-W catalogs such as NASA ECHO.

» Accepting queries (both publish and search) from external software components
or services via the OGC CSW interface.

« Supporting different classification schemes: including the ISO 19119 topic
categories, the NASA national applications, and science research areas.
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NASA Earth Science Gateway (ESG)
Portal Features

» Discovery interface allowing users to search for geoscience data and services based on
resource types (Web services; models;, etc.); topic categories (e.g., agriculture,
oceanography); keywords; time and date; or geographic location (specified as a place name,
or as a place on a map). ESG allows searches not only against its own list of resources, but
the GSDI Clearinghouse as well.

* Publishing interface allowing users to advertise resources. For each resource, the publishing
process assembles one or more metadata records from the online service description; from a
metadata record referred to by a URL; or from user input.

* Viewer interface providing controls to zoom and pan; manipulate layers; identify data values
behind the view; transform the view to a variety of coordinate reference systems; and others.
The viewer exercises the OGC Web Map Service (WMS) to retrieve visual “layers” from
remote servers and to display them in a single view.

Helping the World to Communicate
. Geographically



0GC

OreEN GEOSPATIAL CONSORTIUM

DataFed Background Information



Federated data system - DataFed

The Data Federation is a web-based infrastructure for distributed data access
and collaborative processing/analysis of air quality and atmospheric data. (Husar
et al., 2004)

i@n - vatate awikl - MOZINA FIretox

S JT T Ty -

amarks  Tools  Help

T .o 80 % e S— http://datafed.net

Web Prov- Time
Jata
Dataset Services Sample Map ider Range _.ATE_EDH‘.I .
lairnOW whse | W, pagt 200z.07.01- —— e P A — T
Data Viewer & | Wiki Page | Feedback wes @[] oni ey now
lasos_sTi WS & 2003-0501-
Data Viewer & | Wiki Page | Feedback WCS &7 2005-03-01
|JATADV WHMS & 18880101~ - 5 Conaclas
Data Viewer & | Wiki Page | Feedhack WCS & 2004-12-31 # . ¥
CALIPSO WS & AL WiswEdit - Animate
Data Viewer & | Wiki Page | Feedback wWes & nowd -
GASP WMS & 2005-09-12- Campact Catalog » v Datalog
Data Viewerd | Wiki Page | Feedback WCS & @ now
GOCART_G_oL WHS & 2008.0401.
Data Viewer & | Wiki Page | Feedback wWes @ now
GOES_12 WMS & 2002.08.27-
Data Viewer & | Wiki Page | Feedback wWes @ now
GOMEm WHS & PN | 1ooco400.
Data Viewer & | Wiki Page | Feedback wWes @ 20030501
GOMEm_G WS & & o | | isseoqor-
wese || il 20030601
50+ Datasets || :
WCs & now —
TSR TS WHS & 2000-03.01-
|D.1|.1 Viewerd’ | Wiki Page | Feedback WCS @ Z006-04-30 r O C eS S y eX p O r O r
WCS URL Params |7 |URL Parameter Values h b
http: // 7 |http:/hwebapps. datafed. net/oge_Retro C O n n eCt to Ot e r We
| & Voyamer Web Sarvices - Micrasott Internet Explorer - SERVICE= 7 jwes o
Oe & Yo Fpots Tok b i REQUEST= 7 [GatCovarage S e rV I C es
&) g ool ol riot okl exd g Pelakarsct_ab: L —
VEREBION= 7/1.00
CRS= 7 |[EPSG:4326
COVERAGE= 7|co B
ME= 7 |2000-08-01
A BBOX= 7 Lon MinMax 180 180 Lat Min/hax 50 90 Elav MinfMax 0 0
H WIDTH= 7361
40
HEIGHT= 7018
.1
DEPTH= 71
2 FORMAT= 7| C5Y Table ]
a0 Filters: 7 |Lacation: BBOX | Time: | Time Instance % | Walue: | All Values v
0 - -
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http://datafedwiki.wustl.edu/index.php/2006-06-28:Interop_of_WS_Access_and_Process
http://datafedwiki.wustl.edu/index.php/2006-06-28:Interop_of_WS_Access_and_Process
http://datafedwiki.wustl.edu/index.php/2006-06-28:Interop_of_WS_Access_and_Process
http://datafed.net/

DataFed Processing Services

 MapGridOperator - conducts a mathematical operation on two
iInput grids and generates a third grid as output
— Process Service Inputs
e Grid 1 (GeoTiff, netCDF, ...)
e Grid 2 (GeoTiff, netCDF, ...)
» Selected Operation (add, subtract, ...) or user defined expression
» Spatial bounding box in which operation should be executed
e Spatial resolution of the output grid (# rows, columns)

— Process Service Output
o Grid (GeoTiff, netCDF, ...)

Layers Services

MapGridOperator

GetCoverage

Hyperon_EO1_1

GetCoverage

:|—»Divide

Fender

haplmage_1 Gethap

Cherlay —‘

L»Createhdargins

—

FenderRainbow —e{RenderText —waAnnotate DATAFED —w{hAS

OGC
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DataFed Processing Services

« OGC WPS interface is built on top of SOAP/WSDL
processing service

REST extension to WSDL
-GetCapabilities
-DescribeProcess
-Execute

OGC

REST

General
WSDL /
SOAP

WSDL/SOAP WPS components shown in yellow
guidelines for
geoprocessing

Geoprocessing “application profile” for WSDL/SOAP

-provide WSDL restrictions

-standardized schemas for data types (for
example, might define a GML for WSDL,
specify that netCDF files using the CF 1.0
convention, etc.)
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o SSE BPEL SWE Controller

5

 Built on the Service Support Environment (SSE)

(http://services.eoportal.org):

SWE Controller Service (Virtual SPS):
e implements the service chain SPS> WCS > WCTS > WMS.
is accessible via the SSE portal web pages and a separate SOAP-binding Web service interface.

3 SSE Portal - Microsoft Internet Explorer

JFiIe Edit  ‘iew Faworites  Tools  Help

| +Back - = - & il | @zearch [GaFavortes Eveda (B | Eh- S =1 H 9 @ 4

J Address IEI] http:ffservices eoportal.org

Sharing
Ear_lh
et Service Support Environment

er Information Login

Hzlp

The SSE service directory offers access to a continuously A
expanding set of basic and complex Earth observation
and GIS services, You can request a guotation for each of
the services or order them via an online form. To order or
paying services, you should be a registered SSE user,

The rectanglar element containing this text is called a
partlet, You are able, by adding or deleting portlets, to
personalise your home page content, This personalisation
will be automatically restored at your next system login,

| Drganisations »

" & The SSE portal gives access to a large variety of services

User reqgistration is free of charge. As a registered SSE

OGC Helping the World to Communicate
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http://services.eoportal.org/

Deployment Architect

: ;m-‘ D 3 Quen Grewss Grese § G- T 43w i ‘l%
i - ey EF T
* GetFeasibility
SSE Users  « Submit SPS
WCS
SWEControllerBPEL
client
_ GetCapabiIitiesg WCTS
" esoribeTasking £ p—
HHS ’ Getie-;sibljli:z l::]
» GetCapabilities o e
. . Submit
» DescribeTasking Getstatus 2
EXternaI b GetFeaSlblIlty DescribeResuIt...g
SPS CllentS ° Smelt ':GetFeasibilityR... © Edit Process Map WMS
° Getstatus SubmitResponse Global XML Wariables
e D ibeR ItA explare refresh getCapabilitiesOutput
escrl e esu CceSS getCapabilitiesInput
describeTaskingInput

OGC

BPEL SWE Controller

Spot Image
Services
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Service Chain BPEL Diagram

Dispatcher

DescribeTasking GetFeasibility Submit {client) GetStatus (client) DescribeResulta. ..
{client) {client) {client)

: e © ObtainTaskStatus

DescribeTasking GetFeasibilityFro...
({SPS_DescribeT... l l

W r H . PerformGeometr... . GetStatus (client) W
: - GetFeasibilityRes ' e | : ’

. . s : . | | | | - DescribeResulta...
DescribeTasking i i (client) . ' l | ' | i (client)
{client) i H ' ' !

SubmitResponse
{client)

ProcessDescribeRe
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Slervice Chain BPEL Diagram

Submit (client)

SubritResponse
(client)
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preparebescribe, ..

!

DescribeCoverage
(i CSClient)

!
&

assign-wWCTsInput

!

Transform
(WCTSClient)

|

TransformedData
(WCTSClient)

!

i!'
updateServiceRe. .,

Helping the World to Communicate
Geographically



0GC

OreEN GEOSPATIAL CONSORTIUM

GeoBrain Background Information



GeoBrain

@
e’
e GeoBrain (http://geobrain.laits.gmu.edu)

— A Web Service based geospatial knowledge system

* Produce the user specific data products by creating and executing geospatial process models
(service chain/workflow)

NASA EOS Higher-Education Alliance (NEHEA) -- GeoBrain A
{ h
Mobilization of NASA EOS Data and Information through Web Services and Knowledge Management W P'\A'ITS _,'I
Technologies for Higher-Education Teaching and Research et

- Miscrs

PROJECT ’ PRODUCTS | DOCUMENTATION ’ PARTNERS [ PEOFPLE |

WHAT'S NEW

8 June 2006: NEW GeoBrain Data Download
2.0 is released with new features.

May 2006: MEW 2006 GeoBrain Partner
RFP is released

April 2006: NEW SeoBrain Data Download
1.1 is released for helping users to download
data. New features...

February 2006: GeoBrain issues/bugs
tracking svstem is released for helping users
. to report system errors. See instruction.
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http://geobrain.laits.gmu.edu/

BPELPower — Service Chain Engine

 Based on the mainstream standards

— BPEL, WSDL, WSIF, Xalan, Xerces, UDDI, AXIS, SOAP, JNDI, J2EE
(servlets/EJBs/JSPs), Jetspeed (Portlets) and JMX. It runs on top of popular
application servers, such as Tomcat, J2EE, JBoss, Weblogic and WebSphere.

« “Deploy it".

— WSDL-based web services and BEPLE-based web services chain can be deployed in
BPELPower, where their validations are checked.

o “Try it".
— WSDL-based web services and BEPLE-based web services chain can be executed in

BPELPower dynamically. Different invocations (e.g., HTTP POST/GET, SOAP
document/rpc, etc.) are well supported.

« See detail at http://geobrain.laits.gmu.edu:8098/bpel.
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http://geobrain.laits.gmu.edu:8099/bpel

BPELPower — Service Chain Engine

:/\:E BPEL Process Nanager — BPELPower — NMozilla Firefox

File Edit WView Go BHookmarks Tools Help

@ GTOn

http://zeobrain, laits. gmu. edu: 8098/ bpel

v @ 6

| | Web Model Designer

"Web Services Orchestration: ...

BPEL Process Nanager - B... |

SSRGS BPEL Process Manager

Service Mame

CurrencyExchangeService
GMU-MNGA-WES

Grazs Gensral CommandsService

Grazs Raster3D CommandsService

Grazs Raster InCut CommandsService

Grass Vector InCut CommandsService

GridslopeService

Logged to domain: default

OGC

Service Name
EMELMuclectideSeguenceWebService
GMU-WICS

Grazz Imagery CommandzService
Grass Raster CommandsService
Grazs Vector CommandsService
GridSlopelspectService
GridWCSService Laits

BPELPower v2.0.
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BPEL Diagram of OWS4 SWE Demo

Partner Links Partner Links
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EO Demo Participants
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