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Research objectives

|
0O Develop a research and academic Grid infrastructure
0  Develop Grid based satellite imagery processing platform

0O  Develop environment oriented applications based on satellite imagery
classification

O  Services and Tools for Grid visualization
O Virtual geographical space modeling and visualization

0 Performance evaluation
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MedioGrid project

MedioGrid

Parallel and distributed graphical processing on Grid structure of
geographical and environment data, 19CEEX-I03 (2005-2008)

The MEDIOGRID project aims to accomplish a pilot program to process the images acquired
in real time from meteorological and resource satellites, in order to extract the meteorological
and environment parameters that characterize the atmospheric and terrestrial state.

Project consortium:

1. Computer Science Department, Technical University of Cluj-Napoca, coordinator
Faculty of Geography, Babes Bolyai University, Cluj-Napoca

iQuest Company , Cluj-Napoca

National Administration of Meteorology, Bucharest

Computer Science Department, Politehnica University of Bucharest

Informatics Department, West University of Timisoara

N oo o k~ W D

Computer Science Department, Politehnica University of Timisoara
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MedioGrid project

O

Main objectives

Develop Grid structure to support the parallel and distributed processing of
huge data (geographical and environmental)

Develop algorithms for Grid based processing of satellite images

Develop and experiment environment supervising applications with data
extracted from satellite images

Model and visualize the virtual geographical space
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MedioGrid project’ outcomes (2005-2008)

Functional MedioGrid network (experimental Grid of 6 servers - Cluj,
Timisoara, Bucharest and more than 100 workstations)

Software applications: MedioGrid Software Platform Kernel, Image
processing MODIS (NASA), Cloud detection, Vegetation classification
(Greenland), Water detection (Waterland), Mineral area detection (Minerals)

User interaction techniques for image based applications

Diagrammatic Grid process description and scheduling for satellite image
domain

Grid and Web services based architecture

Organize conferences and workshops: GridCAD (Timisoara 2007, 2006),
|CCP-Grid Computing Workshop (Cluj-Napoca 2007), MedioGrid Workshop
(Cluj-Napoca 2005)
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MedioGrid architecture

Local Switch

iQuest

UPB
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Functional MedioGrid layers

Applications — Pilot Application

MEDIOGRID - Application Framework

MEDIOGRID - Software Platform Kernel

Middleware: Globus

Basic Grid Infrastructure

GIS data Application Image
Data data

P
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Percent Reflectance

O Satellite images: QuickBird,

Satellite imagery oriented processing

Ikonos, Modis, Aster, Landsat

Spectral signature

Vegetation indices based cover
land classification, water
detection, soil composition, cloud
masks, change detection.

Wavelength (pm)
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Data repository

O

O
O

Satellite image
Landsat
Massive data. E.g. One image is about 600MB
Seven bands, 1-7
Modis
Produced by sensors onboard the Terra and Aqua satellites
Covers the entire surface of the Earth
36 observational channels
250m to 1km spatial resolution
Data distributed by the NASA DAAC
Layered on eXist (XML database)

OGSA-DAI technology

P
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Landsat satellite images

O  Massive data. E.g. One image is about 600MB

O  seven bands 1-7
band 1 - water body penetration
band 2 - green reflectance of vegetation
band 3 - sensitive to chlorophyll absorption, determine the vegetation types
band 5 — information on vegetation and soil moisture
band 6 - vegetation stress
band 7 - discriminates the mineral and rock types

O  Different information is highlighted by various band weighted combinations
bands 4, 3, and 2
Classify land water boundaries and different types of vegetation

bands 4 (NIR), 5 (SWIR), and 3 (RED)
Land/water boundaries and vegetation areas
Water detection

P
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gProcess — Diagrammatic Process Description
|
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gProcess architecture

Figure 3. gProcess architecture.
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Process description graph based workflow
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Graph based evaluation of satellite imagery processing over Grid
|

Process Description Graph Execution Time

350.00
300.00
250.00
200.00
150.00
100.00

50.00
Test 1 — no operator groups. 0.00

Time [sec]

1 | 2 | 3 | 4 | s |6 | 7 | 8 | 9 | 10
—=— No groups 274,00 254.00 | 218.00 | 236.00 | 246.00 | 216.00 | 269.00 | 263.00 |300.00 | 242.00
—#—Verticalgroups | 190.00|146.00 | 219.00 | 165.00 |216.00 | 149.00 | 194.00 |160.00 | 180.00 |241.00
| —— Horizontal groups| 139.00146.00 | 97.00 |143.00 | 157.00 132.00 |106.00 | 156.00 | 133.00 |126.00

Figure 6 Execution time (16 processing nodes).

Process Description Graph Execution Time

350.00

300.00 ~L a
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Test 3 — vertical operator groups.

Figure 7 Execution time (59 processing nodes).
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Gond’s Water Detection Algorithm

O Gond’s water detection algorithm

Gond V., Bartholom E., Ouattara F., Nonguierma A. and Bado I. Surveillance et cartographie des plans d’eau et des zones humides et
inondables en rgions arides avec I'instrument VEGETATION embarque sur Spot 4, International Journal of Remote Sensing, 2004, 25,5.
pp. 987- 1004.

O SWIR (5), Red (3) and NIR (4) spectral bands

Bands: NIR, —
SWIR

“Mean NDVIENDWI C-[-

Detected Water

Mean-SWIR

Mean SWIR
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Water detection algorithm

Pseudo colored initial Landsat image. Samples of detected water areas.

—
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Waterland application

|
On-line available Web application: http://greenland.mediogrid.utcluj.ro

MEDIOGRID
o =X

A Sample Portlet

MEDIOGRID
[ V.Velt:nrne Il Adn.vimstratmn \frap]| sreentand |

A Sample Portlet

A FHImage Name”Preview Image|
: @| romanial || m | 2
[P [ romanize | @
[P [ romaniz3 | SdEE
’FJ e J l Wnilcom-e " GreenLand I ‘WaterLan

.E roman?aﬁ E
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Imageld|Image Mame|[Start Time ||[EndTime |Status ||view Result

1 romanial !Sat Jun 09 18:21:31 EEST 2007 null  [Pending wiew 3
2 romaniaz iSat Jun 09 18:21:31 EEST 2007 nul [Pending wiew
a romaniad ||Sat Jun 09 18:21:31 EEST 2007 null  |Pending wiew
4 romanias ||Sat Jun 09 18:21:31 EEST 2007 null  |Pending view
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Greenland application

N
On-line available Web application: http://greenland.mediogrid.utcluj.ro
MEDIOGRID MEDIOGRID
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|
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EGEE-Il Training, GridTDT-2: Second edition of Grid training days, Timisoara, April 4-5, 2008 19



Minerals application

Hydrothermally-altered areas. Iron-oxides and hydroxyl-bearings

minerals.

The Metaliferi Mountains area presented as a false color
image (Band 7 by red, band 4 by green and band 2 by blue).
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GENERIS component

GENERIS (Grid based ENvironmEnt Representation and Information Service)

NASA FTP server
(eOdpsO1u.ecs.nasa.gov)

Visualization applet

fmirror l
HTTP GET
Image repository requests
communication
OGSA-DAI
Web application (JSP /
. . WSRF JARs servlets)
Pub“c Web servlce llllllllllllllllllllllllll )
Axis Tomcat

Globus container (Tomcat + Axis)

SOAP & WSDLl / web browser

End user
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Data replication

MWS Senice

Storage noda
info

Globus MDS Index

Globus DRS Service

Grid Data Access

Service
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information replication o data storage
A A | _
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[

s

(zarbage Collector Service

Manages siorage Space
based on the dynamic policies
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registration enforcing policy
application

%

L
1

( Replication FPalicies )

-

-

Dynamic Grid Replication

Manages the cradits for the
data items

Credits
Cleaning
SEnvice

_Meiladata
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Change detection

2004 2005, with changes
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Change detection
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Satellite image classification and segmentation

1
2
i 3 r,g,b = get_rgb (x,y)
y o4 if g<0.12 then
5 -= water -> blue
6 r=0.0 g=0.0 b=1.0
' 7 else
8 if r>0.4 then
9 —— cloud -> white
10 r=1.0 g=1.0 b=1.0
11 else
12 if r>0.15 then
i3 —— non-forest -> yellow
14 r=1.0 g=1.0 b=0.0
15 else
ie if r<0.088 then
= Iy -— forest -> dark green
ais r=0.0 g=1.0 b=0.0
19 else
20 -— scrub -> brown
21 r=0.83 g=0.54 b=0.26
22 end
23 end
24 end
25 end
26 set_rgb (x,y,r,g,b)
27 end
28 progress (y/height)
29 end
| cancel || Dok
g S am L




Remote control for graphic applications

| | Comwimmpd  epenl TemwmXaerd ey
| | RokfErP e TeamkTagel (e
Falae Sda i (il i dmicl (i
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Parallel terrain rendering

pr
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L

)

Virtual geographical space modeling

File  Actions View Look & Feel Help
& Mediotrid
SRR Ra )
E}‘@ Clouds
Loy clouds [ Presentation 7
=
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Virtual space visualization

e
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Performance evaluation

Time [sec]
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Performance evaluation

O Execution time / job on 1
workstation:

17 sec for image of
1500x1500 pixels

13 min for image of
8000x8000 pixels

O Execution time /job on 10
workstations:

6 sec for image of
1500x1500 pixeli

2.15 min for image of
8000x8000 pixeli

20,00

(Computation time/jobs number, 10 Workstations, 1500x1500 pixels)

Average Computation Time

18,00 —Testl [
16,00 {——= Tes2 L
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- 14,00 \\—_’____\ e
2 1zo M — s —
% 10,00 \-‘\\‘\
E g —
&.00 - ~
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1 3 5 6 B w9 4 47T m B’ ¥ W o} B OM M 4 0
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=t Tast!
3,00 L
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E 2,50 1 Tastd -
E
E b
E —_—— -fh———.—-—_%
8 200
1,50
7 10 13 16 13 2 25 28
=#=Teat] 2,88 255 2,10 202 200 2,01 194 2,18
—8-Teat? 2,36 20 2,06 1,83 204 201 202 2,10
Testd 2,10 280 227 1,93 2m 1392 212 217
Jobs [nr]
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Conclusions

O Future works:

Develop the Grid and Web services for geographical and
environment applications

Grid Semantic services over MedioService Architecture

Geographical and Environmental Ontology and Knowledge
Database

Geographical and environmental Grid pilot applications
Grid visualization

Active objects based distributed modeling and processing
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Many thanks. Questions

Dorian Gorgan
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Technical University of Cluj-Napoca
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