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Why Individual-based Space-Time GIS for HSS?

J Human activities interact and intertwine to create a
complex social system that fulfills our physiological,
economic, social and other needs.

4 All activities (including “do nothing”) are associated
with specific location and time.
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Hagerstrand’s Time Geography:

L Hagerstrand’s time geography examines human
activities under various constraints in a space—time
context.

L Space and time are connected through the concept
of space—time path, which depicts the sequence of
an individual’s activities at various locations over a
time period.

L The possible locations that a person can visit within
a given time window form a continuous space
known as a space—time prism.
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Individual Tracking Data in Today’s World:

O Modern location-aware, along with information and
communications, technologies have made it a
relatively easy and affordable task of tracking
Individuals.

- Global positioning system (GPS) provides a low-cost
way of tracking moving objects.

— Cellular phones have become an important source of
collecting individual tracking data.

- RFID, Internet surfing, telephone logs, credit card
transactions, ...
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“Imagine that your business had a complete log of your
customers’ wanderings — every trip to the grocery store,
every work commute, every walk with the dog. What could
you learn about them? ..... Just as important, ..... , would
customers be concerned about privacy .....7 This isn’t
science fiction. A nascent industry extending from the
laboratories of Google and Nokia to a host of data-fueled
startups is wrestling with these very questions.”

(“The Next Net” by Stephen Baker, BusinessWeek, March 9, 2009, p. 42)
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Sense Networks
http://www.sensenetworks.com/

O According to Baker (BusinessWeek, March 9, 2009),

- *“... a startup called Sense Networks is pouring over the
movements of nearly 4 million cell-phone users over the
course of a year. They have been tracked by global
positioning systems, by cell towers ..., or by local Wi-Fi
networks ...”

- “Phone companies and advertisers provide Sense raw data
on people’s movements and behavior.”
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A Citysense - Powered by Sense Networks - Microsoft Internet Explorer,

File Edit ‘“iew Favorites Tools Help
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¥ More

For real-time nightlife
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the App Store
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2} SKYHOOK Wireless: How It Works > Overview - Microsoft Internet Explorer
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APS - Cﬂmbining Location Sources

Skyhaoak's hybrid positioning system (<P3) is a sofhware-only location salution that allows any mahile
device with Wi-Fi, GPS ar a cellular radia (GSMICDMAY to determine its position with an accuracy of 10 10
20 meters. Unlike other hybrid location solutions, ¥PS uses land-hased Wi-Fi access points, GPS
satellites and cellulartowers to determine location information. The XPS platform provides a fast, accurate
and reliahle location source to mobile applications and services by leveraging the strengths of each
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2 SKYHOOK Wireless: How It Works > Overview - Microsoft Internet Explorer
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APS - Combining Location Sources

Skyhook's hybrid positioning system (<PS) is a software-only location solution that allows any maohile
device with Wi-Fi, GPS ar a cellular radiao (GSMICDMAY to determine its position with an accuracy of 10 1o
20 meters. Unlike other hybrid location solutions, ¥PS uses land-hased Wi-Fi access points, GPS
satellites and cellular towers to determine [ocation information. The ¥PS platform provides a fast, accurate
and reliable location source to mobile applications and services by leveraging the strengths of each
underlying position technology.

The fallewing graph illustrates the pedormance of PS relative to assisted GPS (A-GPS) and WPS 0Mi-Fi
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¥P3 is configured to integrate and synthesize the location output of Skyhook's Wi-Fi Positioning System
P S), GPS and cellular towers (Cell 1D, It then uses advanced hyhrid positioning algorithms to combine
each ofthese location sources to arrive at a single position with a high degree of confidence.
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A Space-Time GIS Implementation:

L Represent individual activities on a space-time path
using spatio-temporal linear referencing and dynamic

. A
time

segmentation.

space-time path

‘ space

Physical activities:

. Drive to work

. Walk to lunch

. Have lunch

. Walk back from lunch
. Drive back home

. Grocery shopping

. Return home

O© oo Ul WEHEk

Virtual activities:
2. Instant messaging with colleagues
7. Receive a cell phone call from
spouse to do grocery shopping
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®_ France_Cell Phones Tracking Points-Shaw.mxd - ArcMap - Arcinfo

An Example of Mobile Phone Tracking Data
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(Cell phone tracking data provided by Christian Licoppe, Ecole Nationale des Telecommunications, France.)




& 20080326-Yu-Cellphone-Shaw?.sxd - ArcScene - Arcinfo

File Edit Wiew Selection Toaols Window Help

"~ -
DEE&E + B QA&DBON -GGG IT@E R OMN
x xtended Time-Geographic Framework Tools [
= Scene layers i Refresh |34"'| 4/2005 3:00:00 Ak podk £F Setting Layers | Tools for Space-time Paths™
= 5005_Pts
* }" Query Eventl j Cﬂ =1 Query Settings | Tools For Space-time Prisms™
all ather values> 2 Query Project = Query Interaction
MAME
France

= STPath_5005

_ .

Miznlan | Source |

(Cell phone tracking data provided by Christian Licoppe, Ecole Nationale des Telecommunications, France.)
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g CellphoneTrackingData-Shaw-5005.sxd - ArcScene - Arcinfo
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(Cell phone tracking data provided by Christian Licoppe, Ecole Nationale des Telecommunications, France.)
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O Example of activity-travel survey data of ten selected
neighborhoods in Beijing, China.

O This survey was conducted in October-November of 2007
by the Behavioral Geography Research Group of Beljing

University.
Beljing, China
o <
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Valid Samples

ID Neighborhood Name Characteristics (Persons)
A A3 Migrant workers, low income, and older 115
Jiao Dao Kou population
B i E s Migrant workers, low income, and older 103
Qian Hai Bei Yan population
C T4 Mainly faculty and staff of Beijing 100
Yan Dong Yuan University
D b Mainly high school teachers and staff 133
Wang Jing Hua Yuan
E = H Mainly government employees 96
San Li He
F A4 Mainly workers of a Chinese medicine 132
Tong Ren Yuan company
G 25T K White-collar managers of private firms, 91
Dang Dai Cheng Shi Jia Yuan middle to high income population
H I H Staff of government-owned businesses, 99
He Ping Li retired employees, older population
EyA Middle to low income population 133
Hui Long Guan
J 77 f156 White-collar managers of private firms, 117
Fang Zhou Yuan middle to high income population
A 1,119
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00:00 am

Difference in spatial distribution between
12 p.m. and 9 a.m.
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Exploratory spatio-temporal analysis functions:

time?

L
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® 2

space

Find locations of ST paths at time 7

time?

E space

Find ST paths that visited location L

time?

an,JTz e////
spac

Locate time for point A on the ST path

time?

| space

Find ST paths interacting with person P
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patio-temporal Query Repo

This Form shiows the result of spatio-termporal query, Select one location from the location
dropdown lisk and select a person from the person lisk which composes of every person who has
either staved at or passed the location. Temporal information of the person at the location is listed
in the box below,

Location Lisk: Person Lisk:

Shiow all resulks

=
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&

All person(s) at Location Geography:

25 A staved at Geography From 09:00:00 ko 14:20:00 For 3
23 A3 stayved at Geography from 09:00:00 to 09:00:00 For
35 A3 stayed at Geography from 16:58:00 to 17:00:00 for| prof o
135 B staved at Geography from 09:02:00 ko 18:04:00 for § sTF
Prof C staved at Geography from 13:50:00 ko 17:14:00 For Z0F mimis)
Prof D staved at Geography From 08:30;00 ko 12:15:00 For 225 minis)
Prof D staved ak Geographey from 13:48:00 o 16:30:00 For 162 mings)
ST F stayved at Geography From 11:08;00 o 12:03:00 For 55 minis)

a3 A

@5 A3
@SB
Praf C

Total 2 entries

[ Save the results ko a DEF File:
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This Form shiows the result of spatio-termporal query, Select one location from the location
dropdown lisk and select a person from the person lisk which composes of every person who has
either staved at or passed the location. Temporal information of the person at the location is listed
in the box below,

Person Lisk:
STF

Location Lisk:

=

Geography

&

Person ST F ak Location iSeagraphy:

ST F staved at Geography From 11:08:00 to 12:03:00 For 55 min{s
00 ko 15:10:00 Far 134 minis)

5T F staved at Geography From 12

Click on one of the records in the list to find out what was going on For 3T F at the moment,

working in the lab

[ Save the results ko a DEF File:
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Uncover Space-Time
Patterns in Large
Data Sets:

Migration Data Set: Northern Plains survey data
] area of wide-spread and persistent population loss
[ survey of socio-demographics & attitudes

] migration history data:
— roughly 400 respondents per state
- over 2800 individuals
- more than 11,000 migration moves

Survey data collected by the Bureau of Business and Economic Research at The University of Montana and
funded by Congressional Appropriation secured by Sen. Byron Dorgan (North Dakota). Data set was provided by
Dr. Christiane von Reichert at The University of Montana.
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For additional information, please see Shaw, Yu & Bombom (2008) in Transactions in GIS.
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An example of analyzing human activities as
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For additional information, please see Shaw & Yu (2009) in Journal of Transport Geography.



Conclusions and Potential Applications:

 This space-time GIS has potential of encouraging
GIS research in the humanities and social sciences
10:

- move from an “aggregate” approach towards a
“disaggregate” approach,

- move from a “static” approach towards a
“dynamic and real-time” approach, and

- move from a “space-centric” approach towards a
“space-and-time-centric” approach.

HEUNIVERSITYof TENNESSEE

KNOXVILLE




1 Potential applications of this space-time GIS include
examples such as:

- Analysis of individual activity space (spatial and
temporal patterns)

- Analysis of use of urban space (i.e., aggregate
patterns of individual activities — hot spots)

- Analysis of interactions among individuals (e.g., social
networking)

- Studies of migration patterns, social equity, disease
spread, ...
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Thank you!

To download a free space-time GIS visualization
extension for ArcGIS 9.3 and/or access additional
Information about this project, please visit our

NSF project website at:

http://web.utk.edu/~sshaw/NSF-Project-Website/default.htm
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