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Geographic information
systems

m Systems to acquire, store, transform,
analyze, display, share, archive
geographic information

m Geographic information

— Information about the specific
characteristics of places on or near the
Earth’s surface

— <X,z> where X Is a location in space-time
and z Is some set of general properties



Three GIS paradigms

m GIS as assistant

— performing tasks that are too tedious, complex,
Inaccurate, or expensive to do by hand

— pre 1995

m GIS as communicator

— allowing us to share what we know about the
planet’s surface

— replacing earlier media
= GIS as a means for augmenting the senses



Origins of GIS

m The Canada Geographic Information
System
— circa 1965
— support for the Canada Land Inventory

— $20 million investment by the Government
of Canada

— Justified by accurate cost-benefit analysis
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Spatial analysis

m Supported by GIS as statistical analysis
IS supported by statistical packages,
writing by word processors

= Mining data for patterns or anomalies

= Revealing what is not obvious to the
observer



Spatial modeling

m Applying simple rules to systems that
emulate transformations resulting from
natural or social processes

m Supporting the evaluation of scenarios,
plans, alternative actions
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Oakland Fire Fatalities and
30 Minute Fire Isochrone
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Simulations

= 1.8 vehicles per driveway
= Driver behavior influenced by:

— lane width -
_ slope 2D clip
— view distances

— traffic control mechanisms 3D clip

— Information feedback
— driver aggressiveness

m /70 homes
— clearing times > 30 minutes



The impact of the Internet

= Communication of geographic
knowledge as the new purpose

— sharing what we know
— geographic information as a public good

— spatial analysis as added value,
manipulation of the message

— spatial data archives and clearinghouses,
the National Spatial Data Infrastructure



Fundamental parameters of
the communication paradigm

m Technical
— bandwidth, speed, access, reliability
— Interoperabllity, semantics, understanding

= Media and formal structures
— visual, auditory, tactile
— speech, text, imagery, maps, tables...
— facilitating or imposing



Spoken word

Text

Picture

X,y, T




Interoperability

= Common understanding of meaning
— semantics over syntax
— X IS more commonly understood than z
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GIS as virtual reality

m The geographer at the office desk

m The GIS database as a replacement for
reality
— the world expressed in Os and 1s
— the uncertainty problem: what is missing?

= Digital Earth



“Imagine, for example, a young child going to a
Digital Earth exhibit at a local museum. After
donning a head-mounted display, she sees Earth
as it appears from space. Using a data glove, she
zooms In, using higher and higher levels of
resolution, to see continents, then regions,
countries, cities, and finally individual houses,
trees, and other natural and man-made objects.
Having found an area of the planet she Is
Interested in exploring, she takes the equivalent of
a ‘magic carpet ride’ through a 3-D visualization of
the terrain.”



An Instance of a class

m Digital Earth

= Virtual Human

= Digital Cosmos

= Virtual Los Angeles
= Human Genome

= Digital x




Characteristics of digital x

= A large and complex real-world system
distributed within a spatio-temporal frame

= A comprehensive data model providing the
framework for description and representation
of the real-world system

m Diverse sources of information that are
Integrated through the common data model

= A distributed architecture, allowing parts of

the representation to be stored separately
from other parts



Characteristics of digital x (2)

m Access mechanisms that use the
spatio-temporal frame as an organizing
structure and a basis for search

— a gazetteer
m Tools for visualization and analysis
= Multiple applications and services






GIS In the field

= Mobile, traveling with the user

= Ubiquitous, operating anywhere

= Augmenting the senses with information
from digital representations
— of the past

— of what is beyond the senses
— of the future






Figure 2 WorldBoard might help avoid accidental disruption of buried infrastructure.
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Location-based services

m Technologies that know where they are
— and provide information accordingly
— move with the user
— the cellphone, PDA, laptop, ...

= Major applications
— emergency calls
— commercial uses

= Major concerns
— privacy, surveillance
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CharmIT™ Developer's Kit

m CharmIT™ is built on the
PC/104 specification, which has
been an industry standard for
embedded computing for nearly
ten years

m hundreds of companies
manufacture a wide variety of
PC/104 hardware

m  majority of components are low
power and ruggedized

m  CharmIT™ Developer's Kit is
lower cost (approximately
$2000), low power
(approximately 7 watts with
Jumptec 266) and offers
enough computing power for
most everyday wearable tasks




Head-mounted displays

Integrated Eyeglassisplays ($5000)

ClipOn Display ($2500)

-evaluation kit comes with a belt-worn, VGA interface

box connected to the display by a4’ cable

Display format: 640x480, 24-Bit color, 60 Hz refresh rate

Field of View: Approximately 16 degrees horizontal



Text input

e —

) twiddiep

The Twiddler2 chorded
keyboard is designed for one-
handed input with an array of 12
finger keys and six thumb keys.

Frequent users can enter text at
close to two-hand touch-typing
speeds.



User interface for augmented
vision

Augmented: see-through
map plus locator

Viewed redlity



View options
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Field-work applications

® Finding oneself in the field
— recovering past sample locations

m Accessing previously collected data
— the previous census

= Analyzing data continuously

— progressive formation of geographic

knowledge
prototype

movie




Summary

m Three phases of GIS development
— research assistant
— new communication medium
— augmentation of sensory reality

m Persistent issues
— representation
— uncertainty
— privacy
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