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InternetInternet--based Mapping is based Mapping is 

Map 2.0 Map 2.0 
• Internet-based Mapping is a new form (medium) of 

“maps” in cartography and for geographic research.

• Paper maps are “map 1.0” (static, fixed scale, limited 
i t ti b t bil )interaction, but mobile)

• GIS maps (created by GISystems) are “map v1.5”.  Many 
cartographic principles and theories are still based on paper 
maps (interactive, dynamic scale, but not mobile in Desktop 
GIS)

• Internet-based maps/wireless mobile GIS are “map 2.0” 
because they are service-oriented rather than system-
oriented (both interactive and mobile).

The Change of Mapping MediaThe Change of Mapping Media

Paper maps

GPS navigation 
systems

Aviation map
inside airplanes

Virtual Globes are Virtual Globes are Map 3.0Map 3.0
---- Synthesis of Geographic ResearchSynthesis of Geographic Research

Provide a Provide a frameworkframework for for 
the the explorationexploration and and 
representationrepresentation of the of the 
matrixmatrix of geographic of geographic 

NRC Report, 1997 

perspective.perspective.

Mapping Our World with Virtual Mapping Our World with Virtual 
GlobesGlobes
1998 The Digital Earth (speech by Al  Gore).
2001  GeoFusion Geoplayer, Keyhole Earth Viewer.
2003  NASA World Wind, ESRI   ArcGlobe.
2004 Keyhole- Earth Viewer  2005 Google Earth,  
2006 Microsoft Virtual Earth, etc.
2007:  ESRI ArcGIS Explorer (with GIS analysis 
functions)
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The uniqueness of Map 3.0 The uniqueness of Map 3.0 
(Virtual Globes)(Virtual Globes)

• Virtual representation of our real world (the earth is 3D 
with temporal changes).

• More realistic than other maps (from users’ 
perspectives).

• Solve the confusion of map projections and• Solve the confusion of map projections and 
coordinate systems (from users’ perspectives).

• Omniscience (space view ? From many users’ 
perspectives)

• Developed by “mainstream” software companies.

• Heavy weighted interfaces

• Both collective intelligence & market intelligence.

The Future Development of The Future Development of 
Internet GIServicesInternet GIServices

• Ubiquitous for everyone and everywhere -- Mobile 
GIS, Location-Based Services, and wireless 
communication. (Smart shopping carts, vehicle navigation 
systems, cellular phones, parking services, traffic controls…  etc.)

• High Performance Computing – Grid computing:High Performance Computing Grid computing: 
(advanced spatial analysis functions and capability): modeling 
and simulation.   Global warming, Wildfires, earthquake, population 
growth, urban planning, public health and epidemiology, etc.

• DIY-GIS (Do-it-yourself GIS) Volunteered Geographic 
Information (VGI):  Geodata created by citizens rather than 
professionals (Goodchild, 2007 in GeoJournal: Citizens as Sensors). 
Bottom-Up approach for GIS data and mapping services rather than top-
down approach. (Google Map Mashup/API, OpenStreetMap, Flickr, 
Wikimapia).  

• Mobile GIS refers to an integrated 
software/hardware framework for the 
access of geospatial data and services 
through mobile devices via wireline or 
wireless networks (Tsou, 2004). 

Ubiquitous GIS with 
wireless Mobile GISMobile GIS

(Notebooks, PDA, Tablet PC, Pocket 
PC, etc.)

Future Mobile GIS DevelopmentFuture Mobile GIS Development
• Simplified Mobile GIS User Interface 

Finger-touch Mobile GIS + voice commands 
(simplified user interface) (Tsou & Sun, 2006)

• Geolocating functions for family and social networks.

New Open Software Development 
Environment for Mobile GIS Mobile GIS 

2003: Cellular phone:
Java MIDlet, Brew )
Mobile Information Device Profile (MIDP) 

2004/2005
: Pocket PC:
VBA, .NET

Customized 
ArcPAD

2008:  Google's G1 Phone

O.S: Android platform
Open operating system. 
Free development framework
(Java-based)

Others: iPhone, Blackberry…

High Performance Computing for High Performance Computing for 
GIServices:  GIServices:  Grid ComputingGrid Computing

Plug & Play

Proposed with the idea of electric power grid. 
Aims at integrating large-scale (global scale) 
computing resources;

Plug & Play

Grid-enabled Internet GIServices 
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Geospatial Cyberinfrastructure 
refers to a combination of geospatial 
computing resources, data and knowledge to 
facilitate the development of GIScience
research and geospatial technologies. (Zhang 
and Tsou, accepted by International Journal of GIScience, 2008) 

AA GridGrid--enabled Internet GIService frameworkenabled Internet GIService framework

(Tong Zhang, 2007, Ph.D. Dissertation, San Diego 
State University)

Four Tiers

Slide 12

Four-Tiers 
Framework

Comparison of computation time with the TeraGrid
- PBS versus Globus (U.S. data)

Performance ExperimentsPerformance Experiments
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The Future of Geospatial CyberinfrastructureThe Future of Geospatial Cyberinfrastructure

(Cloud Computing)(Cloud Computing)

Map ServicesMap Services

High performance grid computing: 
visualization, and storage resources

Visual  Interactive
Web PortalWeb Portal

High speed Internet

Data ServicesData Services

Collaboration

Map ServicesMap Services

Analysis ServicesAnalysis Services

DIY (DoDIY (Do--itit--yourself)  GIServicesyourself)  GIServices
(Volunteered Geography)(Volunteered Geography)
The Internet and Google Search Engines encourage us to 
do everything by ourselves.  (Save Money! and feel good!)

DIYDIY--GIS:  Google, Yahoo APIs GIS:  Google, Yahoo APIs 
and Mashupsand Mashups
http://www.politicalbase.com/money/search/

DIY: Authority and Quality Control?DIY: Authority and Quality Control?
http://Wikimapia.org 8,725,543 places 
have been described on Nov. 6, 2008

OpenStreetMap ----- New GIS Data sources

(Map Party)

CASE STUDY: CASE STUDY: 
San Diego Wildfire 2007 andSan Diego Wildfire 2007 andSan Diego Wildfire 2007 and San Diego Wildfire 2007 and 
Disaster Management Disaster Management 
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Disaster Management TasksDisaster Management Tasks

(Tsou and Sun, 2007) 

San Diego Wildfire 2003  (Video clip)
Http://map.sdsu.edu/FirewebHttp://map.sdsu.edu/Fireweb

San Diego Wildfire 2003  San Diego Wildfire 2003  

San Diego Wildfire 2007

Http://map.sdsu.edu

The #1 search result in Google The #1 search result in Google 
(with key words “San Diego Wildfire”) in 2007

(Maps created by Ick Hoi (Rick) Kim, Anna Casson,  Andr’e Skupin)
NASA MODIS satellite images with transportation layers.
(problem.  Only two images per day (one shot from Terra and one shot 
from Aqua)..  Low resolution  -250m – 500m)
High Resolution --- IKONOS  QuickBird -- $$$!
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Aude Esperbe

NASA JPL scientist 
Peggy Li

Google Map Mashups for destroyed houses (KMLs)
(Tong Zhang,  Serge Rey)

Mosaic and GeoMosaic and Geo--referenced Images referenced Images 
(aerial photos and satellites)(aerial photos and satellites)

Pete Coulter, Doug Stow, Christopher Lippitt

FORMOSAT-II

International Collaboration: Satellite imagesInternational Collaboration: Satellite images
Provided by National Taiwan Normal UniversityProvided by National Taiwan Normal University
FORMOSAT-II    Southern San Diego (Harris Fire)

2007/10/242006/06/13

COPYRIGHT © 2007 NSPO&NTNU FS2 IADC

Rich McCreight:  Near Earth Observation Systems NASA  Uninhabited Aerial NASA  Uninhabited Aerial 
Vehicles (UAVs) Vehicles (UAVs) ---- Ikhana
http://www.nasa.gov/centers/dryden/news/Features/2
007/wildfire_socal_10_07.html
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Created by Cristiano Giovando

San Diego 
County’s 

Emergency 
Operation p

Office (EOC)

PDF maps

(Very useful) 

Map Accuracy? Map Accuracy? 

Maps created by 
local residents.

GEOMAC (ArcIMS)  problems…

San Diego  KPBS  Google Map San Diego  KPBS  Google Map 
Mashup  (the most popular maps)Mashup  (the most popular maps)

Lessons learnedLessons learned
1. Maps and GIS can save people’s lives.
2. PDF maps are a good format (for printing and on-line viewing), 

but not very interactive.
3. ArcIMS can not handle very large users.  (Simple pictures --JPEG, 

GIF, or animated GIF are good formats)
4. Google Maps are excellent to add fire perimeters and handle very large 

users.  But there are still some technological limitations. 
5 Google Earths are too slow to launch (10 seconds) but very powerful5. Google Earths are too slow to launch (10 seconds), but very powerful.

6. We need to develop a new type of Internet mapping technology for 
interactive
• Effectively handle large users (over 10,000 users at the same time)
• Easy to update and customize map contents
• Interactive and user friendly, No need to install new software.

7. Data Integration is very challenging and difficult during emergency events. 
8. Wiki methods need to be more organized and quality checking
9. Need more satellites with high frequency of shooting pictures or combine more 

satellites for wildfire monitoring.  
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Future Research DirectionsFuture Research Directions

1. Early Warning Systems for Wildfires  (like hurricanes, earth 
quake, or floods).  Geo-referenced RED Flag?  How?  GIS 
models  + Sensor Web.

2. Volunteered (collaborative) GIS for real-time fire monitoring  
(every citizens can report the location of wildfires from their cellular(every citizens can report the location of wildfires from their cellular 
phones or Web cams).  Each media group (TV News camera 
persons) with mounted GPS on their cameras will provide 
“georeferenced” video clips, pictures with accurate wildfire 
locations.

3. Simulation model for wildfire spreading (fire perimeters).  (One 
hour, two hours, three hours  - similar to weather forecast – but in 
a shorten period).  Use Grid computing technology to provide 
powerful modeling and visualization capability for wildfire 
simulation models (evacuation, transportation, fire spread, etc).

Wildfire Warning SystemsWildfire Warning Systems
(weather stations + satellite images + GIS modules = sensor web)

RealReal--time wildfire monitoring time wildfire monitoring 
Collaborative (volunteer)GIS 

Citizens can submit their 
report of wildfire 
locations to a SMS 
gateway  (street names, 
or GPS coordinate, or 
their cellular phone 
locations)

Registered Web Cams 
(Georeferenced) from citizens 
with high speed Internet.
(Users can press a button to 
indicate seeing a sign of 
wildfires )

locations).

TV news cameras mounted with GPS 
and wireless communication devices

Fire Spread Simulation modelFire Spread Simulation model
(NOAA real-time weather report, NASA JPL models, local weather 
stations,  Grid computing, GIS models = simulation)

NASA  Research Project Proposal (submitted)
Doug Stow, Piotr Jankowski, Ming-Hsiang Tsou, John Weeks 
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Some thoughts…Some thoughts…

Many interesting GIScience Research issues are 
embedded inside GIService Applications.

Geographic Information Services will make 
Geography more important and more useful inGeography more important and more useful in 
the 21st Century – the Golden Age of Geography.the Golden Age of Geography.

GIServices can provide a linkage between 
Cyberspace (the Internet) and the real world (the 
Earth).  The linkage is the key to advance 
Science and Technology in the next ten year.


