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Evolution of Geospatial Technology....

A Brief Look Back
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The 1st Generation....

1800’s to 1900’s

» Analog technologies were used
to make hardcopy maps

= Maps were rarely updated
= Mapping was limited to a few
= Maps were not shared

= Referred to as the ‘Paper
Generation’
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The 2n"d Generation....

1970’s to 1990’s

» The ‘File’ Generation
» Digital Mapping Generation
» Birth of GIS

= Commercial Remote Sensing
Satellites

= Digital Photogrammetry

» The ‘2D Mapping’ Generation
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Which Brought About the SILO Effect

The ‘Silo’ effect of departments not working together to share data
resulting in disconnected workflows and redundant mapping....

Photogrammetry Remote Sensing GIS IT
Department Department Department Department
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The 3'd Generation....

1990’s to 2000

= The Internet Age

» The beginning of the ‘3D Generation’

= Relational databases to share
information within an organization

= Web services to deliver geospatial
content to a wider audience

* Internet Mapping capabilities to shift
paradigm from desktop to HTML

= Broadening of market from
professional users to prosumer and
consumers of geospatial information
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The 4th Generation....

2000+....

* ‘On-Demand’ Generation — | Want it Now!
= Timeis Critical...4D

= Mobile Generation

= Google Earth and Virtual Earth

= Online Collaboration for Sharing

= Instant Messenger

*= Online Social Networks

» Synthesis of IT, Internet, Business
Systems and Geospatial Technology to
create true Decision Support Systems

= OGC/ISO standards for interoperability
= Open Source
= Geospatial Data Currency is a Driver
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The Size and Number of Images Continues to Grow
* Imagery always contains information...

In 2002, 1 km? of ADS40 imagery produced approx 14,222 Mbytes of
information

Approx. amount of Information stored

1,000,000.00 7 -
per 1 km2 of imagery

10,000.00 1

Mega bytes

100 A

1980 1985 1990 1995 2000 2005 2010

Year
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Which increases the need for...

« Management of the Data - Using folders to manage this data will
no longer work. We must rely catalogs to organize and access
our data.

« Effectively Manage Storage - Though disk space is cheap, it is
never enough. Compression must be used to effectively store
all of the data.

e Automation of Information Extraction — There is too much
information for human processing and too few specialists. We
need to publish algorithms as easily as we publish data.

« Collaborate and Share the Information — The information that is
extracted must be effectively shared.
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What is an Enterprise System....

Organize, Discover and Share Information
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Characteristics of an Enterprise System

True multi-user, simultaneous access to the same production project from any
workstation in the production network

Project access and security on par with the system domain
Rational schemes for managing high volume data types
Capabilities provided as interoperable services

Scalable to meet the growing production and throughput demands of an
organization

Ability to persist all variables and parameters associated with the workflow

Extensible platform for customizing the workflow and integrating them with
other business workflows
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An Enterprise Architecture

Presentation Tier = -F w

Catalog

Delivery Processing

. ) Others
Services Services SEI TS

Application Tier =

Relational

Storage Spatial
Database

Storage Tier = File Area Database

System

Network (SDE) Oracle
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Full Domain Modeling Example

Assets XYZ Positions —— Flight Plan Strip/Block #  Fidicual measurements Flight Data
Workflows Strip definitions GPS Positions Flight Data 10 Coefficients Image Data
Status Camera Type Camera Footprint Image Points Ground Points
Project Name Flight ID Crew info Image file X,Y,Z,0,p,k Covariance
Project Data | | Flight Plan |<— Flight Data | Image Data FJ | Tri Block |
A 4 A 4 A V\ A
Y \, A4

[FIightPIanning] Post Flight Scan J{ [e) ] AT

A ;lﬁu A
v
In flight .
L file
file
Flight Planning Workflow Scan/AT Workflow
My Project
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Interoperability Requires Standards

= Open Geospatial Consortium (OGC)

= Coordinate Transformation Service - provides interfaces for general positioning, coordinate systems,
and coordinate transformations

= Catalog Service (CSW) - defines common interfaces to discover, browse, and query metadata about
data, services, and other potential resources

= Web Map Service (WMS) - provides three operations in support of the creation and display of
registered and superimposed map-like views of information that come simultaneously from multiple
remote and heterogeneous sources

= Web Coverage Service (WCS) — supports the electronic interchange of geospatial data as
“coverages” — that is digital geospatial information representing space-varying phenomena

= Web Processing Service (WPS) — provides open method for describing and implementing
interoperable processing engines

= SensorML - provides an efficient method for transporting sensor data and preparing it for fusion
through spatial and temporal associations

» |International Standards Organization (ISO)

= |SO 19130 - sensor and data models for imagery and gridded data
= |SO 19115 - schema required for describing geospatial data and services
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Catalog....

Organize and Discover Information
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Catalog Capabilities

The catalog is the central mechanism for the storage and discovery
of information about available data and services. It should have the

following properties:

= Be based on a standardized data model (ISO 91130, ebRIM)

= Crawl and harvest geospatial datastores

» Register and harvest services

= Support multiple spatial reference systems
= Support access and edting of metadata

= Support complex queries

» Conform to OGC Catalog Service (CS-W)

Logical
Organizer
Toolbox
(programmable)

Catalog
(OGC CS5-W)

Index
Hierarchical

and Logical
Organisation
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IONIC Red Spider Image Archive

CS-W Compliant Catalog
Implementation.

Data Access
(OGC WCS)

Full ebRIM support

1
Georaster and

Arcscde Raster

Capable of registering tens of

Catalog
(0OGC C5-W)

CENIRI e
ED!14500H 421 500_SETH_|_DEM
5 D AS0N433000_SRTH_|_DEM

B D ASOHABAS00_SRTH_|_DEM
=5T

thousands images per day

| sowce nama

Metadata viewing and editing
along with image and content
viewing

s
ERS1I0, 700201, 42501046

EPEGAIIN
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Management Console and Query Interface

ame CIROOT
[katrina2 | B ecw
1 F-CINASA
[¢64264 3357973754 3278248 3572473445, B2
sks
B levati e
[EPec. 32616 [ «: [-67.0809689 | v: [26.6654694
Type Dearth Name ASTER _katrina_090805_zscens_mosaic
[Aggregate | E ] hurricane "4 Envelope 264284, 3278248, 363254, 3412348
d & Oklahoma City i G
Keywords Clkatrina | enphis ) ses EPSGi3z616
|ﬂS(E’ katrina nasa ‘ (=] D Srer KEYWDI'dS [ AST_LIB ]
TeCE L Gett 1S019115 Details Addt
: etCoverage etails 0 map
50 leatrina
- B ASTER kat New Orleafis
: @ASTER:kam i Misomb "\.,?i%] it = Name ASTER_katrina_091705_2scene_mosaic
T G\ Envelope 3085785, 3294765, 406048, 3426130
L = B srs EPSGi3ZE16
Q;\mna‘l Keywords [ AST_L1E ]
: = o
15019115 AR O O
8 ASTER. kaDm GetCoverage ISD19115 Details Addto map
= keatrinal
:
B ASTER kat Keyword : |ka|rina Name ASTER_katrina_092205_3scens_masaicl
Tl i B ASTEF. kan Availability : [wds =] \‘G\'“ Envelope 277667, 3467948, 395372, 3661778
! ASTER kat ype: | B srs EPSGiIzE16
—_— B ASTER kav Keywords [ AST_L1E ]
g spatial entent: [y 510381 28.24¢
Drita - -l "
GetCoverage IS019115 Details Addto map
0 tsunam Start date: | | |
() T .
CIMILITARY Eodidate; I_l_ Name ASTER_katrina_091305_dscens_mosaic
Resolution: oo % G\ Envelope 714692, 3161829, 939552, 3413364
DAl —= B srs EPSGi3z615

Keywords [ AST_L1B ]

GetCoverage IS019115 Details Addto map

The Image Archive Web Browser

publish the catalog content and - — r—
demonstrate the power of the CS-W,
WCS and WMS interfaces =
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Federating Catalogs

Catalog
If a query cannot be satisfied
by one catalog...

Metadata

It can be propagated to Sore

participating catalogs in an
effort to satisfy the query.

Metadata etadat
Sore Sore
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Sensor Models....

Creating a 3D Image...
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Sensor Model

= Describes the Image to

Ground Transformation.

Enables
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= Stereo Viewing
= 3D Measurement
= Terrain Extraction
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Standards are moving it to mainstream

= OGC Standardization now exists for Coordinate Transformation
Service - provides interfaces for general positioning, coordinate
systems, and coordinate transformations

» Sensor Model Standardization is in progress

= |SO 19130 defines features of an interface
» SensorML defines persistence

= Community Sensor Model (CSM) implements standard
API for sensor model DLL
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Merging ISO 19130, SensorML and CSM

———————— -~ {GedlocaonOperatnFacary
£

| CSMGeolocationOperation I
T

|
|
|
|
|
|
|
|
|
|
| *— --------- {csMractony |
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|
|
|
|
|
1
|
|
|
|
|

LGGI Sensor Model Third-Party CSM

Domain Layer

Data Layer

IS0 coempliant interface

(19130, 191152, 19115, 19107)

[Geafwaﬂmoatanmmrk —————— GeolocationDataset .
Z; N

‘ ‘ Gaaolocation is now assoicated with
i ther than a band
BensorHLBasedGoolocaﬂon] IEHIFBasndGsolor.aﬂon | an imaga rafhar than & ben

g
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Deliver Effectively....

High Speed Delivery of Pixels
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Protocols for Delivering Pixels

WMS is a simple protocol for delivering a “map” as pixels in the
form of a web image (PNG, JPG) at a selected scale.

= WCS s arich protocol for delivering a true image in a broad
range of formats.

= JPIP is an evolving standard for streaming delivery of pixels as
a wavelet (JPEG2000) compressed stream along with metadata.

= ECWP is an existing protocol for delivering pixels as JPEG2000
code blocks.
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Benefits of Compressed Imagery

Compressed imagery is easier to use and manage than

uncompressed image tiles

Compression can be lossless

Serving compressed imagery is faster than uncompressed

Images

Share and use imagery throughout your business processes
(desktop and server applications)
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Wavelet Compression

Wavelet compression can
provide up to 5 fold
improvement without loss.

The improvement can up to
20 times with minimal loss
of data.

Subsets can be accessed
without decompression.

File size of compressed vs
uncompressed data

Gigabytes
1000 -

800 |-
600 |-
400 |-

200 |

0 1 l J

uncompressed compressed compressed
data JPEG 2000 ECW or JPEG 2000
lossless data lossy data
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ER Mapper Image Web Server

= Terabytes or more of imagery
= 1000’s of concurrent users (ECWP)

» Moderate hardware requirements

Internet / Intranet

ECWP enabled clients

/ Web browsers with ECWP plugin
{Internet Explorer, Mozilla Firefox ete
ECWP J

_— = ESRI client
ER Mapper  ArcXML B S Ao o
Image Web
Server ?\f(:ﬂg ——— OGC WMS”clients

JPEG 2000 i

S \
el et
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Implementations of Image Web Server

Lee Property Appraiser Tax Map Application
This apghication allows you to dsplay Lee Proptry Appraiser Tax Map data such as Parcels and Zoning on the aenal photegraphy. To view the propedy detads, use the ponter
ool o chck on a parcel

= Lee County

Be 8 Yew Fodes Dok b

= Oregon State R

= IGN Geoportal e e

E 8 GEOPORTAI




High Performance Computing....

Maximizing Production
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Models for High Performance Computing (HPC)

= Coarse Grained

= MPI: Message Passing Interface

= PVM: Parallel Virtual Machine

» Condor: High Throughput Job Scheduler

= DCOM: Distributed Component Object Model

= Fine Grained

» OpenMP: Shared Memory Parallelization
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HPC Approaches in GPRO

GPRO Uses a mix of fine and coarse grained strategies

» Uses Condor to distribute computation across participating
machines

» Rectifier uses multithreading to improve per image
performance

Computation Nod
]
| - ADS Process
_ —
e
-~
Submitting Machine P
Status| ()/
-
GPRO P
—— -
~
' . 7~
P -
Sausq [ Pool Manager
ADS Proxy &t
= »g
~ Condor Scheduler K| |
N —
N ] 5 Node
Status() —
AN -
—
AN ADS Process
N -
N\ status()
N
N
N
N
N
N
N
N [comp Nod

utatioh Node
—
ADS Process
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Performance Realized in Leica Ortho Accelerator

* SR ODOT (80271) - Ortho Composite

I A& ol del b8 1 ([@-A MR- Checklist - L
felsicieie)d [0 4 B5008008™

TLllE ] werking Set IE%EI: 110 I

Distributed Orthorectification in LOA

== Dishabuited Compuling
— Tred

' - mmm—n!i!
R = 0.9976

Linked Enfifes | 1
Linked IDs 210|

Click to single select item or drag req

1 2 3 4 5
Humber of node(s)
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Spatial Models....

Extracting Information from Imagery
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Spatial Modeling Engine

= Combines an algorithmic
script with data to produce

results Spatial
Model

= One or more results from a Script
single script

Coverage

Data

= Multiple Instances of the
engine can be run
simultaneously

Modeling

Engine

Result(s)
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Modeling Service Concept

A single author may define and
provide models to solve various
problems for multiple users. The
users would select the model from
a library and request that the
modeling service apply this to the
selected data to generate a result.
The model is self describing and
is meant to be used in conjunction
with a query system to select the
appropriate data.

Model Consumers

Modeling Skrvice

Model Consumers

Model Author

Model Consumers >
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Potential Applications

Mobility

Analysis

gl Landcover

Mapping

Feature

...... S— Extraction

Detection

R T RS BT TOO Limtiee | B QR RIG e o AL
Geosystems




Mobility Analysis Example

['?' iGRV - Windows Internet Explorer provided

by Yahoo!

Models that can be

—
@L" yw |ihtm:f,ffalcon:EDSD_f'geoserver,fmb,.’demo

e

run with the

Links #fp 4P %7 vahoo! [G]Google W Wikipedia Y,

available data * & (@

|98

b Implemented
| Engines

Generate a Cross Country
Movement Overlay

Select Elevation File

|® massanutten_dem10m_utm.img ‘
Graphical Selection | © massantten dem3om uim img

of the Area of Select Landcover File

Interest (AOI)

| ® massanutten_landcover_utm img

8 rv x |;;

The “Rules” Select
the best files from
the catalog

|.,I tol[% [vaheo! search

£ ships §|So0 @|Fox §&|RADAR . GeoFalcon

; |_| i = o v |55k Page » {0 Tools + =

£ MWWW defmiz:nl

> @ @ ®\ @\@':'@ ﬁSearch scale L?l»,zlﬂ

lon:78 °00 "00 'w lat:38 °49 "12 'N MGRS: 1857139630196
Il
ImagelD Sensor_imt FileTyvpe_imt|Ident ImageLlocation ImageFormat Classification ProductType MissionID BD
massanutten_demi0m_utmimg Unknown Elevation 1107 |d:'data’'shenandoah’'dem IMVMAGINE Image N/'A Raster N/A 1
Catalog d |Sp|ay Of massanutten_landeover utmimg Unlknown Lendcover-A (1108 | d:'dara’shenandoshiandeover IMAGINE Image N/A Raster NA 1
aval |ab|e data massanutten_ls3_utm_1995.4f LANDSAT  [Ms] 1108 |d:/data’shenandoahlandsat TIFF NA Baster NA 6
[»]
[i] . | m
Done 8 Local intranet ® 100% -
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A Simple Web User Experience

The Result of the Model is
returned as a separate
HTML from which it could
be:

= Downloaded to a Local
File

» Stored in the Catalog

» Loading into a WMS Client

(= http:/ffalcon: BOBO/IMTiservlet/arv_serviet?modeler - Windows Internet Explorer

@ L=

| v ibsiconanaomservietary _serd | 45 | % | [no0saen [[2]-

Lrks [3)MaxManga \W Wikiedia ¥ T¢ @] Manga Studic | Bostrerd @ | Customize Links (G| Google e

File Edit Wew Favorites Tools  Help

i e ‘.htlp‘HFa\tun‘EEIED/‘IMT/sErv\EtJ‘grv;Erv\E.. |7‘ B~ B - - [rage v GToos -

Result from modeler

Show in a Map Viewer after saving
[[Saveas ||Mass_com |

& Local intranet H 100% -
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-]
Display the Results in an OGC Client

ddtodatabase - Windows |

rnet Fxplorer

| 4|l (I2E
Fle [ Wew Favortes  Tools  Help
CaMaxMargs N Whipeda W TV g Hanga Studo | Bostrerd ) Cusiomize Links (3] Gougle 8] Crpeml i Windows g2 Windows beda [l Gecfakon
X ¢ (m Bv B v [Page s ook« "

Mass_ CCM
wew m GoogleEarth
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Or Display the Results in Google Earth...

[ | ) Fon bisdidon City, Brritine, £
Fruntin tm

Goosle Bt
s largwe 1 e 1, "
10 Ot Sae, S i, s

tralia
Erubin the Gooulg E h.
Flgdulmn:rn;m;;:;nm
™

Frabie the Gooaly Emth
&wnukth\m nthe Layess
Hsbshata, Usalio, Gerniany

=

Fratan the Geoogile Eanth.
Tyt Lo
Iﬂgmm._mm

Eradie the Goouile Eath
Lommenity lye ¥ ihe Layees
] aeram
Ol Evarh cirfanst ey
EdlSnapshol o e view ba changs
45 Tormporary Places

-0 ape
I terrain

1 Geomaphic Web

B Featured Contens
-

3 towds

(=R

3 Populated Places

£ Amernative Plice Hanmes
S waina

5 Leogng

[ Gooule Fasth Commumity
5 smopping and Services
3 Transportaion

5 Geographic Features

3 Trawel and Toumism

0 Parks and Recsation Areas
5 Commainy Swvices

3 s Gowesnment

L1 Digital Globe Corver ane

5
7]

CO0O000O000000;

Ty vrrrerrwww

Mictart = rf@AFeeoDuWl i~ ™

-
- when it has to be right ie_ug

Geosystems




What if we put all together...

Combine these elements into a single rich client
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Desktop Clients Rich Clients Thin Clients
e i ) (il s )
Create / Update Analysis / Visualization Analysis
/ \ Application Server
External Data Stores

-

OGC
Catalog
Service

CSW

& >/
\ / HPC Factory

Internal Data Stores

' Workflow
u "
Manager

~

OGC
Delivery :
Services S"e?‘m'”g

1ISO WMS Delivery
Metadata WFS Service
wcs
WTS

Catalog

Spatial
Modeling




A Single Simple to Operate Interface

[ Lefca NG Cnterprise

Bl Tods Wndow e
Logonit =, Admn [C]Catsieg 1] Metadats | {5 vewer
W Fsport Ve % =
= ) |Iw soet g | @ (1] 24| © [uen |- @ -] b’ Allolw‘hadnrvb

B savencony

}

B 2o
: "N e
Leica Geosystems
Vegetation Health (NDVI)
Date Requested : 08/08/2007 10:50:10 AM EDT

Requested By:  Administrator

Source images: atlanta_gb_ms.img

Vegetation Health Process Metadata

GIS & Mapping

Process Time : 8.827999 sec

Legend Statistics
- 0.8-1.0 Healthy 0.08 % of Healthy Area : 4,528.58 yd*
D 0.6-0.8 Maoderate Healthy 4.07 % of Moderate Healthy Area 2780 ha
:l 04-08  Moderate 26.97 % of Moderate Area : 184.39 ha
I:l 0.2-0.4 Moderate Unhealthy 26.64 % of Moderate Unhealthy Area 182.13 ha
0102  Unhealtny 10.72 % of Unhealthy Area : 73.33ha
- Mo Vegetation 31.55 % of No Vegetation Area : 215.71 ha
g Total Area : 2,84 mi#
é
E Extent Requested
g Lower Left: -84.35, 33.81
il Upper Right -84.31, 33.83
7] tefi @ o T

L
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What if the Enterprise gets in

Peer to peer collaboration and sharing

the way...
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Light Weight Enterprise Sharing...

London, UK

Sydney, Australia

Atlanta, USA

Intgrrnet Global Community

Intranet Of UseI’S

e

*

Network of

X 31d Pa t
I lel I Ial (;()l)ep Data Store
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Collaborate and Share Data Directly in a 3D
Environment
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Conclusion

Geospatial processing will become a mainstream tool in the
general enterprise toolbox which will be integrated at many

levels throughout the organization.

Thank You
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