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~ Spatial Data Infrastructure

. A framework Spatial data, metadata,

users and tools that are interactively
connected

* In order to use spatial data in an efficient
and flexible way

* The technologies, policies, standards,
human resources, and related activities
necessary to acquire, process, distribute,
use, maintain, and preserve spatial data



http://en.wikipedia.org/wiki/Geodata
http://en.wikipedia.org/wiki/Metadata
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» A SDI should ena

ry of spatial data from
e provider, to a user. As

ned earlier it is often wished that the data provider is able to
update spatial data stored in a repository. Hence, the basic software
components of an SDI are

> a software client - to display, query, and analyze spatial data (this could
be a browser or a Desktop GIS),

» a catalogue service - for the discovery, browsing, and querying of
metadata or spatial services, spatial datasets and other resources,

a spatial data service - allowing the delivery of the data via the Internet,
processing services - such as datum and projection transformations,

a (spatial) data repository - to store data, e.g. a Spatial database,

GIS software (client or desktop) - to create and update spatial data

International Standards- to facilitate an interoperable framework across
nations
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http://en.wikipedia.org/wiki/Spatial_database

Taiwan

Terrian :

e 36,000 Km2 with 26,000 Km2 slope land (73%)
* peak: 3952 m

Population :

o 23 million

Land use :

* Flat land: 24%

* permanent crops: 1%

» forests and woodland: 55%
» other: 20%

Natural hazards :

e earthquakes and typhoons.
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v Climate Change in Taiwan

Temperature increases

about 1.4 in the last 100
years (1901-2006).
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Number of typhoons
ramatically

increased
after 2000.

2001-2009

1991-2000
1981-1990
1971-1980
1961-1970

1951-1960
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Typhoons per year

9 10



Geographic

Information

Systems
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01.B57#MAIE  (Baibufan Station) MOnltOrlng StathnS

02. 13 L (Jiufen-Ershan Station)
03. 18K 14 (Shenmu Station)

04. EZ1h (Shang-an Station)

05. 2B 4 (Jyunkeng Station)

06.2 4 (Fongciou Station)
07.K##mus  (Dacukeng Station)
08.Bl&EylL  (Fongyikeng Station)
09.59FFU5  (Shemangan Station)
10.Z= 111k (Huashan Station)

11 K, (Dasing Station)

12. 21k (Fongshan Station)

13 R854 (Songhe Station)
14.5F]R1A (PingDing Station)

15. B8R &80h (Suru Station)

16. &L (Yufong Station)

17 NH##IE  (Shiatainpu Station)

18. %=L (Cianghuangkeng Station) el | %
19 525k 104 (Jilai Station) Sk N
203kz=0E  (Laiyi Station) NG
21. KRS (Daniao Station)

Debris Flow Monitoring Station
Landslide Monitoring Station
Sediment Concentration Monitoring Station
Mobile Debris Flow Monitoring Vehicle
Portable Unit
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Debris flow monitoring

Satellite communication Debris Flow Information System
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& Military-standard box

POI’t&bl@ Unf[ @ Use cables and nails to
fix the box.

@® Aluminum-alloy carrier
& Carry on shoulder or
drag by hanc

—. Full-Function Model

dContainer and Carrier Design
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System Framework

Rain Gedphone

and
directions
sensor &

- joil moisture
' sensor
Data Center

& m EHy @ =

20



UAV fo

I\/Iam Equments 0

' | , Real-time flight
Flight Information = e RN ], G A video monitors

console

Flight Records :

Power
management

I Flight Information
console

Signal Enhancement

module
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GetObservation()

Rain gaugeil moisture me
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Basin-Wide Monitoring Network

OISetup at upper

data to mobile or on-
site stations.
Combining on-site,
mobile, and grid
stations.
®Monitoring extends
from a point, to a
line, and to a plane
covering the basin

8 On call or
hazard alert
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Accumulative Rainfall (mm)
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Rainfall-Duration Curve of

' the Morakot & Recently Typhoons

Compound Hazards
Shallow

Landslide Deep Landslide Dam Bursting

Flood Debris Flow Landslide Dam

Rainfall Characteristics:

long duration
high accumulative

rainfall
ZE A Morakot (2009)
- - ¢- - FEEKalmaegi (2008)
- - aA- - PEZ Toraji (2001)
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Debris Flow Event of ShenMu
Village (8/8 16:57)

- 640%480

- 6407480
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Typhoon Morakot (Aug. 2009)

ShiaolLin village




-’

wi
[al | |
r

GIS RESEARCH CENTER, FCU

Monitoring System - Watershed Management
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®Establish remote monitoring system by
setting up digital devices to prevent
illegal activities in the watershed area.

® The monitoring system can also be used
as flood monitoring system.



Integrate Sensors with Expert Systems
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Debris Flow Image Analysis System

-Image Analysis
-Image Classification

WPS

*Scale sImage Database
*Velocity hadoop *Event Notification
Difference WNS+SAS

_________________________________________________________________________________________________________________________________________________________________________ +GEOSMS
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.

Security for equipments

Vehicles monitoring on the river bed

-
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atershed Monitoring and Management System

Send email and SMS




Auto images change detection

' Start/Stop
Raw image
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Real-time video computing
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Water Quality Monitoring
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yy Watershed Disaster Monitoring Information System ' 4

Real-time Rainfall
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Assign response tasks to local governments

Case No. Disaster Date County Town Agency Assign

T090801 | Typhoon Morakot | 2009/08/08 Nantou Branch, SWCB

,
e e ey
==y
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Report the status of hazards to central emergency
operation center

Case No. Agency Report time Disaster Description Report status

T090802 | Nantou County Government _
T09

Chiayi County Government

\Dala © 2010 MIRC/THA ‘ l :
©2010 Europa Technologies 2009 008 C
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The urgent need for Interoperability

tween agencies
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Water Resource Centyal

Agency

Geological
Survey




Disaster does not matter that much...

Mater Conse’yatlon'Bureau
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73 .Water Resoufee Agﬁn cy




%Pr}é‘fwfaming Decision Support System

format|on sharmg & mtegratlon between agenmes
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A OWN PR

Sensors Interface
Rain Gauge
Camera
Water level
Geophone...

Why don’t you speak in
the same
LANGUAGE???

Standards



OGC SWE implemented
in monitoring information service platform

® Monitoring information
service has integrated to
debris flow forecasting
system.

® User can click on sensor
location and inquire
Qbservation data directly.
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OGC SWE implemented
INn monitoring information service

Service

i ® Monitoring information has
RequestSOS integrated to debris flow

e forecasting system.
BELLHTTP POST SEERIRTEBIELF2E - S5iE—T (WA 1#sh -

@ User can click on sensor
location and inquire
observation data directly.

S 18

requestxML:

N giies canen < e o & 2l

SOAP 1.1

FFIZ oA 1.1 ERMEEMDF - BBRSETZRLAR ) HEIE - ® External AP can request

POST /FCU GI5S_S505/S5Service.asmx HTTE/1.1

e i | observed data published in
Content-Type: text/xml; charset=utf-8

Content-Length: length ..k SerVice platform

S50LPAction: "http://www.gis.fcu.edu.tw/Request305"

<?xml wversion="1.0" encoding="utcf-8"72>
<zoap:Envelope xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"” xmlns:xsd="}%
<socap:Body> >
<Request305 =zmlns="http://www.gis.fou.edu.tw/">
<requestXML>string</requestiML> y
</Request3S05> .
</208p:3005> Cite observed da

</soap:Envelope>

HTTE/1.1 200 OK
Content-Type: text/xml; charset=utf-8&
Content-Length: length

<?xml wersion="1.0" encoding="utf-8"?7> E t I AP
<zoap:Envelope xmlnsz:xsi="http://www.w3.org/2001/¥ML5chema-instance” xmlns: X erna

<socap:Body>
<Request505Response xmlns="http://www.gis.fcu.edu.ctw/">

- —
<Request505Resul t>xml</RequestS05SResult> o= 'm m /] Eﬁ \‘,“ ﬁ M €,
</RequestS0SResponse> < Te i N 9 =¥ LT ) ;’ g
</soap:Body> MEHER IEREN REEHE W ZARS RREE BARETS REEE WidetTE jmmEe BFER
</soap:Envelope>




Feature Fusion with Sensors,
Geosynchronization and Spatial Processing

5

re

Execute a buffer process

reg

[GeoRSS Application Schema]

[GeoRSS GML Profile]

[WPS Execute Sample 1] [WPS Execute Sample 2]

[GeoRsS]

[GetCapabiiities]  [DescribeProcess]

it 140.1

PS Execute POST URL:

GeoATOM received from the SAS radiation alert:

<entry
ink href="http://example.org/2003/12/13/atom03" />

<title>Mode </title>

ink href="http://example.org/2003/12/13/atom03"

<title >READGS_Sensor </title>
<id>http://ows-7.compusult.net/sub3981/READGS_Sensor </id>
ummary >NA </summary>
pdated>2010-05-05T13:48:18Z
entry>
<entry>
ink href="http://example.org/2003/12/13/atomo3"
READGS_ReadingID >
<id>http://ows-7.compusult.net/sub3981/READGS_ReadingID

<summary >NA </summary >
<updated>2010-05-05T13:48:18Z </update
</entry>
<entry>
ink href="http://example.org/2003/12/13/atom03"
tle >READGS_Detect</title:
 Generate a buffered radiation point |

POST to the Geosynchronization Service

OM entry poin ]
ding

point’ buttor

be responded on a ne
ntry point AND POST the bu

check the 'POST to the
1 point’ button. An ‘Ex

bove and

il th

re

net/ogc

tResult>
tor>INSERT




OGC SWE implemented

in our monitoring information service

nlatform

® Monitoring information
service has been

integrated into debris flow
pre-warning system.
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500 HZ

X

y 1.7GB/Sensor/Station/Day

R g @@

100,000 200,000

1/500 Sec

A PEE R -- 0 Hz ~31.25 HZz - X3 #§ 16 1 00 ~17 : 00

1/62.6 Sec

Py - 31.25 Hz~62.5 Hz-- X3 # 16 - 00~ 17 - 00




Feng Chia University +
University of Muenster

SWCB

Real-lime
rainfall
Geophone /

GIS.FCU

« 52°North WPS (WPS
Specification 1.0.0)

o full support for UNICORE 6 grig
middleware

. processing is done in GRID at
Julich Supercomputing Center
(JSC), Germany

. Inputdatais dynamicaly
transferred into GRID

START

it arainfa
event

yes

v

Rainfall
Interoplation

— end <

threshold of
rafall ales

yes

Geophone| |
Analysis

yes

notify

By IDW or
Kriging
algorith

g

Rainfall WPS-GRID

Geophone WPS-GRID

By wavelet
algorithm

Co-op with if
University of
Muenster
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GPW-Grid processing demonstration of N P
debris flow disaster management ‘

Time | Geo Processing Workflow
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../動態連結檔/研發部/Earthquake.swf
../動態連結檔/研發部/Aviation.swf
../動態連結檔/研發部/Change Detection.swf

GROUP ON .
EARTH OBSERVATIONS

Disaster Management SBA Scenario

Near-real time vehicle dispatching

GEOSS Architectural Implementation Pilot-3
Disaster Management Working Group

g
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& GIS Center, Feng Chia University(
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»2:§ Infoterra, SPOT Image, France

@ University of Heidelberg, Ge
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GROUP ON
EARTH OBSERVATIONS



http://www.iconfinder.com/icondetails/3562/128/personal_user_icon

GROUP ON
EARTH OBSERVATIONS

i ‘ : AN Automatic
EELE raintan Traffic Report sensors or human
SENSOrs
Dispatching map current dispatching map
Dispatching map producer ]
v.04
v.03

v Arrive destination

t+1 t+2 t+3 Timeline

Gaps in the response phase

Departure from origin
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Pre-Disaster
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Push data
Activate monitoring

services

Integrated client A (Typhoon Path)

Actuator
SAS

typhoon Request data j

Push data

Observation
over the
threshold

orecipitation)
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GROUP ON
EARTH OBSERVATIONS

Reauest for a

Request for producing tching route _
the dispatching map i Web Service
i (Traffic report )

res '
:Xu 11 EY0 Sl Porduce dispatching™

ey Web Service
P Vo (Accumulated precipitation)

WFS
(Flooding area)


../動態連結檔/研發部/GeossAIP-3(Realtime_dispatching).wmv

al L &!LE! as a service

» is a recent invention that is not resident in the
cloud laaS/PaaS/SaaS service stack

» does not have a clear definition
» DaasS Is actually SaaS that delivers data

56
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- Example of DaaS
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A cloud/grid computing enabled disaster decision

rideCloud Infrg




Spatial Cloud Computing Platform
GIS Cloud Service CElmAR )
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amples of Cloud Enabled SDI

e N ' - FGDC GeoCloud, USA
":i -~ SkyEyes Cloud, Taiwan
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FGDC(Federal Geographic Data
Committee) GeoCloud
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Ant|C|pated outcomes:

> |dentify requirements-driven solution architectures for various
sized deployments of geospatial data and services

» Document and assess cost models to support scalability,
reliability, and redundancy

» Expedite FISMA certification and accreditation for agency
adoption of packaged solution architectures

» Support and collect cost comparison information from
agencies for existing and externally-hosted Cloud solutions

Doug Nebert, FGDC
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» Jan 2010 — I_d,enﬁfy ospatial solutions to be hosted

(data, compute, applications)

»April 2010 — Begin acquisition of leased Cloud
resources for deployment

» June 2010 — Deploy agency data/apps into Cloud envt
and begin monitoring

» Feb 2011 — Hold workshop on mid-term Best Practices
and capabillities

» June 2011 — Complete hosting cycle

» October 2011 — Publish best practices, observations,
and recommendations

\

Doug Nebert, FGDC



Candidate Geospatial Applications

» USFWSNaﬁD‘IﬁI/»TSGS National

Wetlands Inventory Elevation Dataset

» Census Bureau » USGS TNM tiled
TIGER/Line data data and viewer

» NOAA IOOS » EPA Region 1 Lakes
Catalog and Ponds data

» NOAA ERDDAP » NOAA Particle
Service Tracking Model

Doug Nebert, FGDC
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Notional Cloud Computing Stack

http://en.wikipedia.org/wiki/Cloud_computing

User Machine

WI” be Oﬁering Interface Interface
Infrastructure as a Service
(IaaS) solutions for
acquisition

e This is roughly equivalent
to “shared-hosting” of raw
computers with an

operating system in the
Cloud domain Infrastructure

Application

Compute Storage

Doug Nebert, FGDC Cloud Computing Stack
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Platform as a Service (PaaS)

— .

“A cloud platform (PaasaW
computing platfo/rm,and/ > ' stack Client Applications

as a service, generally consuming cloud
infrastructure and supporting cloud
applications. It facilitates deployment of
applications without the cost and
complexity of buying and managing the
underlying hardware and software layers.”

The GeoCloud intends to pilot the
deployment of candidate services or
solutions architectures (suites of software)
on top of the GSA laaS to provide common
geospatial capabilities. GSA will venture
into PaaS next.

Doug Nebert, FGDC
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Feng Chia University GIS RESEARCH CENTER, FENG CHIA UNIVERSITY
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a5l Probe Vehicle Tracking System

Plate Number: Q369

Log Period: From: 2010-08-01_00:00:00 To:  2010-08-01

=L
=

“log=0G697373,2010-08-01
00:00:20,,181073.93371723476,2593861.9459652021,False

00:02:19,,181074.27517360024,2593862.1289443765,False
WOW

<log=0G697373,2010-03-01
-I—raffl C 00:04:19,,181074.78951989027,2593862.8648501704,False

Information
<L0g>=0G697373,2010-08-01
Processor 00:06:20,,181074.78951989027,25932862.8648501704,False

Log=0G697373,2010-05-01
00:08:19,,181073.42888279574,2593863.2403823179,False

“log=0G697373,2010-08-01
00:10:19,,181073.42282975157,2593861.94835866062,False ~

T 3
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» Vehiclgsjrad > Ing © 5000+

» Data capacity(per day) : 3 M records
» RDBMS :Microsoft SQL Server 2005

» Total historical data :
» From 2002
» 3.6 Billion Records
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» Database payload
»Only 3 months data can be stored
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Solution

» Cloud Computing
> Distributed database

> Hi

> Hi

> Hi

g
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N Availability
N Scalability

N Extensiblility
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http://hadoop.apache.org/
http://hbase.apache.org/

> Multi-Dimensional
» High-Avalilability
» High-Performance


http://en.wikipedia.org/wiki/Open_source
http://en.wikipedia.org/wiki/Relational_model
http://en.wikipedia.org/wiki/Distributed_database
http://en.wikipedia.org/wiki/Google
http://en.wikipedia.org/wiki/BigTable

login
passwoud

COMMENT

id_blogentry
date

author

title

text

Table Row Key Family Attributs —

blogtable TTYYYYMMDDHHmmSs | info: Always contains the column keys author fitle under_title. Should be IN-MEMORY and have a 1 version
text: No column key. 3 versions
comment_title: | Column keys are written like YYYMMDDHHmmss. Should be iIN-MEMORY and have a 1 version
comment_author:  Same keys. 1 version
comment_fext: Same keys. 1 version

usertable login_name info: Always contains the column keys password and name. 1 version




System Architecture

Socket
| e 3(G/GPRS

IdV =SedH

¥,

SocketServer

Q d‘)uer}r* . #
4

f% FH ;{%‘ WWW Server

HRegion

HMaster ‘

HRegion

SAOIAIIGQI M

Hadoop 0.20.1 + HBase 0.20.3







simple client

HBase on Vehicle Fleet Management

[EE | a=kn | nake | wrE
£ wfiir Fd

R
%
25 %

2010-08-01 J%i .
[ ReadLog
[ EFENEE

SENeN
FERATE AL SR

0100301 003912




GIS RESEARCH CENTER, FCU

{2 http://10.0.0.51/SkyEye/default php - Windows Internet Explorer
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HBase on Veﬁicle Fleet Management
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Conclusmn

» Cloud coWe 2
» Conquer the challenges of incredible huge
data storage and processing

» OGC web services are ready-made for cloud
computing
» Much remains to be done

» Science, commerce, government, education
can’t benefit fully from state-of-the-art
technologies until the social, institutional,
behavioral and commercial parts of the
iInformation infrastructure have matured.




