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Geovisualization of consumer behaviour:
the work of the Consumer Data Research Centre

Paul Longley
p.longley@ucl.ac.uk
University College London, UK

Abstract

This presentation will begin with a selective overview of the key changes in geospatial technology and geovisualisation
that have characterized the first years of the 21st Century, as captured in four editions of an advanced student textbook on
Geographic Information Science and Systems. (This book has sold ¢. 100,000 copies in four languages, including Korean.)

We then consider the range of geospatial data that are available to measure and monitor the city. We present the three
tier data service of the Consumer Data Research Centre, and the novel web mapping intergace that is used to communicate
the message of consumer data sources.

An important distinction is drawn between (a) comprehensive ‘framework’ data sources relating to physical
infrastructure and population distributions, and (b) the increasing range of Big Data sources that are used to provide depth
and detail about the behaviours of city populations. Big Data sources dwarf conventional inventory management systems
and population surveys in the volume of data that are produced and the rapidity with which they are updated, but have
some less widely acknowledged characteristics in terms of content and coverage. These are not always fully understood in
the analysis of city systems, and geovisualisation provides an important medium for evaluating trends in data, as well as
identifying outliers and anomalies.

We develop particular focus upon ‘consumer data’ that are routinely collected as a consequence of the purchase of goods
and services, and arise out of activities such as retail transactions, travel behaviour or energy consumption. Such sources
are almost invariably partial, since few organisations have monopoly power in consumer led markets. Moreover, they are
usually incomplete in other, sometimes subtle, respects, since database creation and maintenance is more directly aligned
with organizational functions that are separate from research and development. Used alone or in combination with other
sources, they nevertheless contribute towards rich representation and visualization of citizen activity patterns that are
difficult to assemble from other sources. The re-use of consumer data for such purposes also raises a number of important
ethical issues of data re-use and linkage, based upon anonymisation, aggregation and profile matching.

We develop a series of illustrative examples with respect to usage of social media, energy consumption and purchasing
behaviour. This analytical work has implications beyond retailing, particularly in developing better understanding of
health-related behaviours. We will develop particular focus on the use of sensor technologies to collect data on pedestrian

movements in cities and to model flows across them.
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Managing Land information in Korea through GIS
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Biographical Box 21.2

Dr Young-Pyo Kim, Korean Pioneer of NGIS

After a successful career in the Korea Marine Corps, Young-Pyo Kim
(Figure 21.6) joined the Korea Research Institute for Human Settlements
(KRIHS) in 1979. Over the next decade, he defined the concept and method
of Land Assessment in Korea and focused upon a range of land planning
and policy issues. In 1986, he became director of the Computing Center In
KRIHS, and a champion of using GIS to devise more efficient and effective
measures for land planning and palicy. Implementing this in a country
that, at the time, had little GIS expertise was far from straightforward,
and strenuous efforts were necessary to introduce the technology and
build capacity. In 1993, Dr Kim organized an official government meeting
to establish poelicy directions for GI5 development in Korea. This meeting
brought the National GIS project in Korea into being, and he subsequently
played a key role in making it happen.

Today Young-Pyo Kim is director of the GIS Center in KRIHS, where
he also acts as a coordinator of the Korean National GIS (NGIS) Steering
Committee. His leading role in the National GIS project is fundamentally
pragmatic, but he believes that GIS is much more than a toolbox, Speaking

Crupte 11 Manage 5 N

Figure 21.6 Yiung-Pva Kim,
Koran Pamecr of NOIS

of the social and philosophical ramifications of GIS he says: ‘All things in the universe are restricted by the
axes of time and space, and these are recognized by humans. In Eastern classical philosophy, space, time,
and humans have been called the three fundamental elements of the universe. These elements cannot be
completely integrated in the real world because of the constraints of time and space, However, human
construction of three-dimensional cyber-geospace can overcome the separation of time and space and create
movement towards a more ubiquitous world. GIS will be a foundation technology in this project.’
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owards the ‘Smart Census’

Context of better use of existing data
resources, e.g. workplace statistics

Activity patterns associated with
consumption

Big Data as ‘exhaust’ (Harford): no
research ‘design’

‘Horses for courses’ approach to data
creation, maintenance and linkage
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Data available through the Twitter API

* User Creation Date + Geo Enabled

* Followers » Latitude

* Friends * Longitude
 UserID + Tweet date and time
* Language « Tweet text

* Location

* Name

e« Screen Name
e Time Zone

Twitter estimated footfall in Soho

The average weekday activity in 2013
» The frequency of

geotagged Tweets
across space and
time can tell us a lot
about the dynamics
of a city

Frequency Frequency Frequency

Frequency

Time (hours) Time ¢hours) Time (hours) Time (hours)
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Forenames — Age (Males)

5 clusters of forenames based on their
age distributions
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Twitter vs the Census (courtesy: Guy Lansley)

« Lower Super Output Area level
« Census work day statistics vs Tweets from 10:00 — 16:00
« Census residential population vs Tweets from 19:00 - 7:00
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SPATIAL DISTRIBUTION OF ETHNIC GROUPS

Bangladeshi (Census) Bangladeshi (Consumer Req.)

Log Location Quotient

under —3

SPATIAL DISTRIBUTION OF ETHNIC GROUPS

Other White (Census) Greek (Consumer Reg.)

Log Locatign Quotient

under —-1.00
0.00

1.5 1.00
& 2.00

0
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Smart Meter Data

4 clusters of smart meters based on typical daily energy
profiles

Torm of ey Tima of cuy

From: Samsan, N., Lansley, G. and Simpson, A. (2014) Using smart meter data to determine energy efficiency of
custorners’ homes. PopFest 2014, 4" — 6" August. University College London, UK.
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Research
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* 1000 sensors generate
approximately 1.5 GB of
data every day. This equals
approximately 5-10m
records every day.

00000 propefty databas,
1000 sensor database

«  Compared to this, tracking
100,000 properties with 50
parameters updated every
month generate 2 GB of
data in 10 years.

generated by the sensors to a retail propert
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« Footfall counts
e Trends
* Hourly footfall

* Hourly trends

* Relationship between
the sensors
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« Rethinking ‘place’ as the
measurable accumulated effects of
slow and fast dynamics

gonsumer

= ata An ESRC

Research ) o 2y :
Resear D'{ .' | - Spread of the Palins

1881 2001

e

Courtesy.
James
Cheshire



. Consumer

Data An ESRC Data
Research Investment
¢
: *

lsonymy groups (left) and the geographic distribution of genotypes (right)

[courtesy Jens Kandt] . 1

Socio-economics

* There is an association between names and socio-economics
and geodemographics

« E.g. Top 5 forenames for each 2011 OAC Supergroup

MOHAMMED
MUHAMMAD
MOHAMMAD
ABDUL
AHMED

PENELOPE TOM MOHAMED
HUGH NICK AHMED
ALASTAIR HARRIET ALl
ROSEMARY MAX JOSE
PHILIPPA ALEX ABDUL

Hard-Pressed
Living
TOBY HILARY LILLIAN KAYLEIGH
PHILIPPA GEOFFREY MAY LEANNE
JEREMY KATHRYN ETHEL LYNDSEY
KATHERINE JILL KAYLEIGH STACEY
DUNCAN GILLIAN ELSIE KYLE

Data: 2011 Enhanced Electoral Roll (CACI UK Ltd)
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Some prospects
« Rethinking ‘place’ as the
measurable accumulated effects of
slow and fast dynamics

 New ways of framing research
questions, e.g. segregation, health
outcomes
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Constrained by Circumstances 8§
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The local geodemography of Glasgow, showing the 7.8 mile route that links
communities with life expectancies of 54 and 82 [courtesy Alex Singleton]
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p.longley@ucl.ac.uk
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Geo-1oT Trends and Vision in the Future

Steve Liang
liangs@ucalgary.ca
University of Calgary

Abstract

In the near future, millions to billions of small sensors and actuators will be embedded in real-world objects and
connected to the Internet forming the Internet of Things (10T). The basic premise of the 10T is that everyday objects or
devices can sense their environment, collect information, and communicate and interact with each other. The changing
nature of smart, connected "things" is disrupting value chains and will force organizations to rethink and retool nearly
everything they do internally in order to stay competitive. In this talk, Dr. Liang will present his view on the trend and
vision of Geo-10T in the future. Dr. Liang will firstly introduce the Internet of Things from a data perspective, its value

chain, its potential applications, its opportunities and challenges, and its vision and trend in the future.
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Associate Professor, University of Calgary
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About Dr. Steve Liang

® Associate Professor, Geomatics Engineering, Uni. Calgary

® AITF-Microsoft Industry Research Chair on Open Sensor Web
(2011~2014)

® Chair OGC SensorThings API Standard Working Group

® Rapporteur, ITU-T SG12/11 on Internet of Things Test
Specifications

® Founder and CEO, SensorUp Inc

@ Calgary’s Top 40 Under 40
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Vision and Trend #1

Everything that can be connected
to the Internet will be connected
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RH: 55 % # of deers passing: 12 per day

Temp: 18 Celsius

Wind speed and direction: 34 km/h - East
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making invisible visible.... PM 2.5: 6.5 ug/m?

Precipitation: 40mm W

Radiation: 0.48 uSv/day Soilmoisture: 45%
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Vision and Trend #2

loT will reveal actionable insights and
change the way organizations compete.
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Why Locations matter?
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Location technology evolution

Alberta & @ E
o
Region-Centric Feature-Centric Human-Centric Device-Centric
Geospatial == Geospatial w==pp Geospatial ==  Geospatial
Information Information Information Information
1980s 1990s 2000s 2010s
ROV ERSTRY ((m
& S & sensorup

number of A
users
??  Pedestrian Car Navigation/ Urban Planning/ ~ Siz€ of space
<1m  Navigation Web Map Civil Engineering
@sensorup SENSsoruP.com

39



I & sensorup

I 1
W CAILCARY

number of A Device-Centric
users Geospatial
Information

Human-Centric

Geospatial
Information
Feature-Centric
Geospatial _ _
Information Region-Centric
Geospatial
Information
??  Pedestrian Car Navigation/ Urban Planning/ ~ Siz€ of space
<im  Navigation Web Map Civil Engineering
@sensorup SENSorup.com
9 A & sensorup
number of Device-Centric
users Geospatial
Information
Human-Centric
Geospatial
Information
Feature-Centric
Geospatial _ )
Information Region-Centric
Geospatial
Information
INTUO0K
SPdCe
??  Pedestrian Car Navigation/ Urban Planning/ ~ Siz€ of space
<1m  Navigation Web Map Civil Engineering
@sensorup Sensorup.com

40



M ) CALGARY (n SeNnsorup

Vision and Trend #3

Location is the first class
citizen for loT
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What can we learn from AOL?
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Today’s loT Silos

Application A Application B Application C Application D

;
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System of Systems

® The real potential of the Internet of Things

ork Effect:
The value of a network is
proportional to the square of the
number of users of the system

(n?).
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66

“77% of surveyed loT experts
claimed that Interoperability is the
biggest challenge currently facing
the Internet of Things”
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theguardian

election2016 US world opinion sports soccer arts lifesty = all

home ) tech ‘
Technology

Revolv devices bricked as Google's Nest shuts
down smart home company

Customers furious as Nest is set to turn off Revolv units in just over a month

Which hardware will Google
choose to intentionally brick next?

the guardian
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What is loT Interoperability?

@® (IEEE) Interoperability is the abiIity of two or more (loT)
systems or components to e e information and
to use the information that has been exchanged

@® (Brodie, 1993) Two components X and Y can
interoperate (are mteroperable) |f X can send requests
R for services to Y, based on a 1 al understanding
of R by X and Y and if Y can S|m|IarIy f

e responses S to X.

UNV RSITY OF

¥ CALGARY (" SENSorup

Vision and Trend #4

The true value of loT depends
on system of systems
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Web Server Market Share

Web server developers: Market share of active sites

—— Apache
—— Microsoft
~—— 8un
- —— nginx
— Google
- Other
Feb 2016
= Apache: 50%
® Microsoft: 10%
= Sun: 0%
m nginx: 16% o
. mGoogle: 8% B
m Other: 17%
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Your Open Source Compass

oOGC

Making location count.

12} LocationTech
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Ask your loT solution provider

@ Is your solution Open Standards
C ¢ YM \ ) | ?

@ Open Standards means a S k

standards from recognized
Standard Development
Organizations (SDOs).

&= OASISE WiC

& CALGARY (" SENSorup

How Smart is Your City?

@depends on how inte d are your
systems

Friction Motion

lT
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Vision and Trend #5

Open standards and open source will play
critical roles to build loT and smart cities.

UNIVERSITY OF 7.

CALGARY A~/ Sensorup

OGC SensorThings API

Open Geospatial Consortium

OGC SensorThings API
Part 1: Sensing

Copyright notice

Copyright © 2016 Open Geospatial Consortium
To obtain additional rights of use, visit htp:/www. ial,
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OGC Incident Management Information
Sharing Internet of Things (loT) Pilot
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Smart Shirt and Wearable Cam

Xn7ETUs2gOE

C A [} imisdemo.sensorup.com/imisdemo/fireFighter

Vv Filter

Powered By (3 S@NSOrup

CALGARY (n~Sensorup

Event Notifications

Ccfh imisdemo.sensorup.com/im no/ruleEngineMap
AP sensorup

®
Rule Engine
Select Datastream
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v1.0/Datastreams(301814)/Observations  result
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“ | was impressed with the ‘state of the
practical’ where these various industry
sensors can be integrated today using
open standards that remove the stovepipe

limitations of one-off technologies. ‘ ‘

Dr. Reginald Brothers
Under Secretary for Science and Technology

T
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Case Study #2 - Smart Citizens for Smart Cities

Air Quality in Calgary

+
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@ More than 40 Rocky View Well Watch
participants (8 ey comm

® High quality data
since 2008

¢ RBC
\ii| | Blue Water
. | Project™

Little, K. E., M. Hayashi, and S. H. L. Liang (2015), "Community-based groundwater
monitoring network using a citizen-science approach", Groundwater
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Calgary Flood 2013

© 00 | §bingmap_browsers : show x |

- (R § rockyview.geocens.ca/bingmap_browser QY @59 a e

RBC
ROCKY VIEW COUNTY
Cultivting Communities u s ; e Login | Browse | FAQ

Well 203 — Rocky View Groundwater

Active Layers

v

¥ The well is randomly placed witt
confidentiality of participants. N¢
by clicking on the well name.
Zoom 1o | Metadata

Depth to water (meters)

10 mies 10km

©2013Nokia  ©2013 Microsoft Corporation
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Rockyview WellWatch 2.0

® © ® | gsensorup | Home * W Steve -
€« > C ‘j rvwm-demo.sensorup.com/#/home \iﬂ A e =

y : - § " RBC
= @sensorup Rocky View County Well Monitoring @{‘3&;‘"’“{5 Covnte m Blue Water
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£ National Park:” 2777m
“ Parc national 7
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Leaflet | Map tiles by Stamen Design, CC BY 3.0 — Map data © OpenStrestMap, Tiles © Esri — Esri, DeLorme, NAVTEQ, TomTom, Intermap, iPC,
USGS, FAO, NPS, NRCAN, GeoBase, Kadaster NL, Ordnance Survey, Esti Japan, METI, Esri China (Hong Kong), and the GIS User Community
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Conclusions

@ loT is here and time to act is now.

® What are the Dark Data in your organization?
® loT’s real value is system of systems.

® Stop building silos.

® Ask your loT solution providers: is your solution
open standard compliance certified?

UNIVERSITY OF

=

CATEARY '~ Sensorup

Learn more about OGC
SensorThings API

® Youtube - SensorUp Channel »

@ Our tutorials: http://www.sensorup.com/tutorial/

® GitHub: https://github.com/SensorUp/\Webinars

® Our webinars, again, visit SensorUp web site.
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0T for Everyone - Building a global sensor network community

Daniel Kastl
daniel.kasti@georepublic.de

Georepublic UG & Georepublic Japan

Abstract

A common definition of Smart Cities is, that “a smart City is an urban development vision to integrate multiple information
and communication technology (ICT) and Internet of Things (IoT) solutions in a secure fashion to manage a city’s assets™.,
This is to improve the quality of life in cities, ensure sustainability and guarantee efficiency by using modern information
technologies and connected devices.

One key role in this field play sensors. Asensor is an object whose purpose is to detect events or changes in its environment,
and then provide a corresponding output?. Sensors are one, maybe the most important component, to make a city smart.
Sensors provide the senses, that tell how a city feels. They are critical to know and understand the present situation and
react accordingly. The collected data builds the basis for improvements.

Since hardware sensors are physical devices, often mounted at specific locations, they have by default a geospatial
component. This location information can be added as another attribute to the data collected by a sensor.

While there is not much new about sensors, the average citizen in general only owns one “smart” and “connected” sensor
device: the smartphone. Beside that, typical homes and buildings are usually not as “smart” as they could be. The lifetime
of city infrastructure, mostly buildings, is rather long. The price for Smart Homes still seems to involve a significant
additional cost, so even today new houses are mostly built without the technology that would be available already.

From a citizen perspective everything you love, everything you care about, everything that depends on you is in your
home: your family, your children, your pet, everything you work for is at home. Our home is very import for us. It makes
us feel safe and relief. But have you thought about, that we spend more than half of our time outside of homes?
Sometimes bad things happen, regardless of what we are trying to prevent. Accidents happen every day, every hour. And
there are so many types of accidents. Some you can’t really predict and prevent, others you just can’t do anything about.
But there is one thing you can always do! And that is to KNOW! You can always know what caused an accident.

The question is HOW. And the answer is “with sensors”. What if you had a “box”, like an airplane’s “black box™ or a
drive recorder, that captures all the type of sensing information you may want to know: air pressure, seismic information,
CO and CO2, noise, gas, motion, light, temperature, humidity, location, ...

We have an answer to the issues raised before, and how to provide IoT for everyone: it’s a sensor box for your safety, a

sensing data recorder for your home (or for any other type of building). It is a single device for a reasonable price,

1 Wikipedia: https://en.wikipedia.org/wiki/Smart_city

2 Wikipedia: https://fen.wikipedia.org/wiki/Sensor
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containing a collection of sensors, that only needs to be switched on and connect to the internet. Collected data is send to
the cloud to provide enhanced services, and there will be an option to make this data available as Open Data to the public.
Thanks to the rapidly falling prices of sensor hardware, the cost for building 10T devices has become lower year by year.
And this trend is likely to continue. This makes it possible to offer products for reasonable prices, that make such
technology affordable for everyone.

This project is committed to bring smart sensor technology and 10T services to the 3 billion people, who don't have them.
The project uses innovative sensor hardware and next generation network technology to monitor entire homes remotely
and address safety and security issues in a user-friendly and visually appealing fashion. Easy to install, easy to use. Put
yourself in control of your home, wherever you are, and get informed when something isn’t normal.

But it is even more than that: because once you have one box, and your friends have one, and everyone else has one, this
is the basis to build a community. A connected community, that we can really know how the world is and feels like, anytime.
You can know if the earthquake near your hometown, you can check the air quality in the area you wanted to move to, and

you can know all that because we live in a day of social media, where people like to share such information.
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loT for Everyone

Building a global sensor network community

.

About me

Geographer, Mapper, Software Developer
Maintainer of the pgRouting Project
Founder of Georepublic

Living in Germany and Japan

Enjoy Open Source F0SS4G and OSM

Recently started an IoT venture

q'ao':qnuwg 2
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Smart Cities

“A smart city is an urban development vision to integrate
multiple information and communication technology (ICT) and
Internet of Things (IoT) solutions in a secure fashion to
manage a city’s assets”

[Wikipedia: https://en.wikipedia.org/wiki/Smart_city]
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Goals

e Quality of life
e Sustainability
e Efficiency

With modern information technologies and connected devices.

But ... how?
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How does my city feel?

“A sensor is an object whose purpose is to detect events or

ineg

de a correspond

..i

changes in its environment, and then prov

output.”

city]

https://en.wikipedia.org/wiki/Smart

[Wikipedia:
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THE SENSING DATA RECORDER
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THE SENSING DATA RECORDER

Sensor Box

e AlLl sensors 1in a single device:
Temperature, humidity, motion, light, noise, seismic
activity, gas, co2, etc..

e Measure and record just everything you want to know is
going on at home.
Easy to setup and easy to use.

e “Black Box” recorder

64
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Peter Middleton, Gartner:

14 bn Connected Devices | Bosch S| By 2020, component

0bn C d Devices | Ci costs will have come
50 bn Connected Devices | Cisco down to the point that

. connectivity will become a
309 bn loT Supplier Revenue | Gartner standard feature, even for
processors costing less

than
1.9 tn loT Economic Value Add | Gartner

7.1 tn loT Solutions Revenue | IDC

2004 2008 2012 2016 2020

Source: Goldman-Sachs
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Home - Cloud Computing - Public Cloud

About ' N
) CLOUD CHRO NICLES Cloud Chronicles is written by Network World Senior
By Brandon Butler = Follow Writer Brandon Butler, who tracks the ins and outs of
the cloud computing industry.

OPINION

Google: The cost of hardware is falling at a
faster rate than the price of cloud
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Community

Connectivity

Smart sensor network technology

Connectivity is the key to get the most of your data.
Notifications

Sharing information with your community.

TIoT for your home and for the public!
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“Smart City Kit”
Big corporations
Government bodies

500 Sensors

Sponsors

Partners

Interested?

Project: https://anzenbako.net

Website: https://georepublic.info

Email: daniel@georepublic.de

Thank you!
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Policy Direction of Spatial Information for Hyper-connected Society

Hosang Sakong
hssa@krihs.re.kr

Korea Research Institute for Human Settlements(KRIHS)

Abstract

Due to the Internet of Things (1oT) technology, our society is rapidly transitioning from the digital society to the
hyper-connected society. Gartner, Inc. forecasts that 6.4 billion connected things will be in use worldwide in 2016, up 30
percent from 2015, and will reach 20.8 billion by 2020. In 2016, 5.5 million new things are connected every day.

The fourth industrial revolution discussed at Davos Forum 2016 is the convergence industry based on the 10T
technologies. It is characterized by a fusion of technologies that is blurring the lines between the physical, digital, and
biological spheres. Fourth industry is expected to lead to a new industrial revolution, the ruling system, and the way of
life through the application of artificial intelligence robots, 10T, mobile, 3D printer, self-driving car, and nano-
biotechnology.

Proactive policies and strategies are needed to cope with the core technology, 10T for the hyper-connected society. To
create new job and new service through the 10T, Ministry of Science, ICT and future planning (MSIFP), Ministry of
Trade, Industry and Energy are pursuing 10T policy. In order to respond effectively to hyper-connected society the
MSIFP has been announced the "Master Plan for Building the Internet of Things" in May 2014. Governments must invest
in the 10T technologies such as network, sensor, user interface, and service platform in order to develop the loT
infrastructure. In addition, it is also urgent to develop the technologies and policies related to the 10T such as artificial
intelligence, virtual reality, and spatial context awareness.

Spatial information is closely related to the 10T because all things are located in somewhere. Users can obtain a more
accurate and detailed information through the integration between a sensed data and the spatial information. Positions of
all objects can be displayed on the map. Thus the spatial data is very important for the 10T services. The advanced spatial
information, the high-accuracy location information, indoor positioning system, three-dimensional map are required.
These spatial information are used in the various industry and services such as self-driving car, smart home, smart
building, smart city, drones, and robots.

It needs to analyze the demand and utilization of spatial information technology changes are expected in the hyper-
connected society. Based on this, we need to seek the spatial information policy that can effectively respond to the

environments caused by IoT.
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Policy Direction of Spatial Information for
Hyper-connected Society

Sakong, Hosang
Korea Research Institute for Human Settlements(KRIHS)
hssa@krihs.re.kr

I. IoT meets Spatial Information
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+#+ Background of SI policy change

Person-person, Person-Things, Things-Things

Hypes confiected Real World-Virtual World

Society - Internet. M2M, IoT, IoE
g
z » Connected Car, Dron (UAV), Robots,
%Ifj Styla + Smart Building, Smart Home, Smart City
ndustry

4t Industry, Cyber Physical Systems

Sensor, SoC
Network(5G, Wi-Fi, Beacon, Bluetooth...)
UL Platform, Battery, IPv6

¥

High Accuracy, High Precision

IoT Infrastructure

SD{I:E;:]m:nd *+ Real Time, Intelligence, Integration, Trust, Security
g + Spatial Context Awareness, Cyber Space
8
. + Paradigm Shift of SI
ST Poli 5
Impro ver?;nt + Improvement of SI Policy

Implementation Strategies

++ What needs to be understood?

v

Analysis of a relationship between spatial information and IoT leading "Hyper-connected

Society’

Y

Formulation of a concept of IoT based on spatial information (Geo-IoT)

v

Analysis of characteristics and demand changes of spatial information expected in the
‘Hyper-connected Society’

Exploration of spatial information policy options for the ‘Hyper-connected Society’

v




% Concept of 'Hyper-connected Society’

= On the move

* Qutdoors
= On the move j ; from the PO
* Qutdoors and Indoors B ey tem
) + At the PC
* Night
* Anytime

*» Between PCs
* Human to human (H2H), not using a PC

* Human to Things (H2T), using generic equipment
* Thing te thing (T2T)

: Any THING '
connection

Source: [TU, adapted from Nomura Institute

++ Concept of IoT

IoT
M2M - Mobile
- Logistics - Sensor network
- Bar code - RFID

- Remote reading - Contents
- Traffic sign - 2D Bar Code
- CCTv - NFC
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+*+ 3 Visions of IoT

"Things Oriented Visions”

\ Connectivity
\_ for anything
Communicating
\ things

1P for Smart
Objects

Semantic
execution
environments

L. Atzori, A. lers, and G. Morabito, "The internet of things: A survey”, Computer Networks, vol. 54, no. 15,
pp. 2787-2805, Oct. 2010.

IoT components and SI

/@\

Location Geospatial
Awareness ' ) Analysis

\@
\ Data / Process / Analysis / Platform/
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+* Area of Geo-IoT

Sensors and devices located somewhere. Spatial
information plays a key role when they collect or
exchange data from the things.

Connected
Service

Context
Awareness

Spatial
Data

Location
Intelligence

+ Concept of Geo-IoT

Spatial Analytics |-/

| Sensing Data + Spatial Data ]Z}‘- Intelligence (actionable)

f ! !

Spatial analysis
Z E—

/ -
/ Map, Location, Geo-coding/tagging -

| | |

~
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+* Location technology layers for IoT: not just positioning

Geo-Analytics

"What does the "Thing's” location
behavior tell us?

5N

Advanced Location Services

“Where should the “Things” go and
what is the best way?"

-

Rules & Geo-fencing

“Is the "Thing” at the right location at
the right time?”

-

Tracking & Positioning

“Where is the "Thing” and the data it is
providing?

* Geo-Visualization, Geo-Analytics
* Organizing, understanding location data

* Basic and advanced Routing
* Rendering
* Places search

* Geo-fencing
* Location based business rules

+ Indoor/outdoor positioning
» Tracking devices over time
* Geocoding (forward, reverse, batch)

Source: Mikko Blomgvist(2016), Geo-IoT World Proceeding

GPS
LiDAR Sensor

+ Example of Geo-loT (Connected Car)

Awareness

Decision
making

= Control

Laser Sensor

- Car Location
= Cars Around
+ Geography

- Objects

= Line

« Traffic Signal
+ Climate

- Etc.

Camera

Sonic Sensor

= Driving Status - Passage

« Obstacle « Stop

« Driving Route « Driving System
« Driving Condition - Etc.

78




*,
R Xd

Example of Geo-IoT (Big Market)

Big Market

6§ — oah

Gateway

.. o — ’Netwurk Sensor

= — Spatial o
i ——  Server Data : Application
- = Analysis PR
Location +Indoor 3D Map  +Data Arrangement  * Tracking. * Display Design
— |~ Tracking * Moving Line + Data Mining * Correlation * Goods Location
- Sensor * Purchased Goods * Data Fusion g Bef_lawor - Cons_rder Moving Line
= s * Stop Point « Data Integration * Attitude * Provide Coupon
» Staying Time » Characteristics + Sales Strategies
« Clients Info

II. Trends and Prospects of SI
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++ Comparing the evolution of ICT and SIT

High Speed Internet  Sensor Network

Internet
Smart Phone Wi-Fi/4G/Beacon
ICT
Mainframe PC Ubiquitous Computing Cloud Computing
Digital Map
1960 me== 1970 1980 1990 2000 2010
; Paper Map Map Contents 3D/Indoor  Context Awareness

Geospatial

Technology GIS GPS Map Portal Service

Car Navigation ~ Google Earth

+# Change Process of Spatial Information

User 1910 1990 2010
. Ubiquitous
Paper
| Imagination Map
Manual
Map
Tech. Survey GIS GIS+ICT GIS+ICT+Sensor

Source: Sakong, Hosang (2007)
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+#* Change Process of SI Application

Number of User

3
N{Population
1
I
! 1980
i | Scale of Space
User Smart phone  Car Urban & Regional
Person—Things LBS Navigation Planning
(IoT) Web Map Service
Source: Kim, Jong-Deck (2015)
+# Change Prospects of SI Application
Scale of Space
. t
Wide
Small .
+  Mobility
Static Dynamic
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% Map/Location Strategy

E.g, Store heat maps E.g., Location-based marketing
Indoor e .
Indoor Positioning
Location Map System(IPS)
E.g., Retail site selection E.g., Dynamic route
optimization
IPS
Sutd GEO Maps Global S_ys!:em
e For Mobile
Communication
Static Dynamic

Source: Thomas W. Oestreich(2015), "Location, the Next Champion in Analytics”, Gartner Group.

III. Policy Direction of Spatial Information
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% Paradigm Shift of Spatial Information

Object Information f; Context Awareness
Consumer E} Prosumer/ DIY
Person i Things
Real World f> Cyber Physical Space
Base Map E> Key Factor for Fusion
Public Sector E> Private Sector

+#+ Factors for improving spatial information policy

Data Needs

% ; .
b ?m'r'gem / Direction

Application Needs
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% SI Development Strategies for Hyper-connected Society

Location

++ High Accuracy Positioning System

v Accurate positioning data is an essential infrastructure in the
Hyper-connected Society.

+ Location is very important when the sensor is collecting
data.

+ Highly accurate position data for self driving vehicles,
drone, robots etc. is needed.

* Government should develop the "High Accuracy
Positioning System”.

* The best way is providing positioning data with a
precision of about 30cm to the public by government.
More accurate data are provided by private companies.

» National Geographic Information Institute (NGII) opens
the GPS RINEX data to the people.

¥ Have our own satellite-based poisoning system like the QZSS.

+ Japan developed the Quasi-Zenith Satellite System(QZSS)
in 2010, providing 3cm positioning data for social
security and industry.
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% High Precision in Geo Data

v" High Precision Map for Hyper-connected Society

« Framework Data

* Floor

» Road Map for self driving car

- Building

* 3D Real Map for cyber world

+ Live Map for real time connected vehicles

+» Indoor Map for indoor services / associated with the BIM, AR, VR
v' Government provides:

» Data Model / Spec

» Standard

* Guide line / Principles

= Pilot project

* Provide a Test Bed / DIY open platform (Tango Project)

* Adopt a new technology

+ Intelligent Space

To make the intelligent space based on ubiquitous computing environment.

To recognize the physical environment and conditions, including events and spatial context.
To apply disaster prevention, safety, security, etc.

Need of research on sensors, data fusion, network, algorithms, processor and services for
intelligent space

RRR

v" Geo-loT Open Platform
v" Interface for connecting to a virtual space and the real space
Inteligen! space
T T Real space monitoring by sensors placed around the space
’w L 1 \ lmm‘kcq»u'- ~ Sensors | i
SN S s
\ - Informaton senvices Maontioring
. i
sernvioe
= B
- .
" - Human Moblle
robot

DIND (Dsstnbuted Inteligent Networked Device) q / T/ Information Ibrmbotsbﬂstdm resuits

Network
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+* Role of public sector & private sector

¥ Volunteered geographic information can act as a valuable mechanism to encourage public
participation and citizen engagement in geospatial information.

¥ Private companies have played an increasing role as both data provider and service provider.
v Role of public sector

« Provide an authoritative and reliable data.

* Provide a simple framework data that updates in real time.

* Present principles, criteria and standards.

» Enhance a partnership between government departments.

+ Create a partnership model between public and private sector.

s 020
e LBS
‘N@p IoT Services
Web Services

4=) Navigation Service Administrative Services
App Dev.
Advertising

Pfow Game _

de Ay Traveil Plannlng

Location Intelligence

Vluteses Commuriy |

Public Sector Private Sector

+# Role of public sector (Local governments)

v Create a geospatial information API and open to the public.
v Identify the spatial information demand from IoT service developers.
¥ In collaboration with the business units of local government, creating a geospatial information APIL

e .y | Open API
v B * Gallery oy
- / Local \ :E':;kl:ng e / \
/ \

‘ Government e * Hotel e | \
@_ { (Geospatial * Reaauaik | ol |
\ : =% «Pharmacy = Compan
\ Department / « Garbage Box
) P ) A « Beauty shop \\-‘_/J

7 *School
- « Fashion shop
i * Etc.

A
-5
S
~
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+¢ Closing Remarks

v" 'Hyper-connection’ will cause a lot of changes like life style, culture and industry.
v" Spatial information is essential for IoT service.
+ Location, Map, Spatial Context

v Spatial data and spatial information technologies must be changed to meet the IoT
environment.

v" The role of government has gradually reduced, on the contrary the private one has
increased.

v The frame such as government roles, public and private partnership etc. must be changed
according to the paradigm shift.

v The government should be partners to support the private sector.

Thank You!
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Distribution of Open/Big Geospatial Data in Japan:
The Construction of Open Source based Geospatial Platform

Toshikazu SETO
tosseto@csis.u-tokyo.ac.jp

Center for Spatial Information Science (CSIS), the University of Tokyo

Abstract

Since the end of the last decade, the use of open data (secondary use and machine-readable formats) has emerged as a
political and cultural movement for the realization of citizen participation. Open government, citizen participation,
transparency in government affairs, and cooperation of public and private entities were established as goals by the
Obama administration in the U.S. in 2009. In the “G8 Open Data Charter,” which was declared at the G8 Lough Erne
Summit in June 2013, geospatial information data was recognized as an area of high value. In addition to open data
policy, data flow is a necessity; for example, the CKAN platform with data catalogs have been developed as open source
with the provision for the flow of information. Various policies and government strategies on open data have been
enforced since 2012 in Japan, including the introduction of various guidelines and standard government terms and
conditions. Japanese government is also promoting open and big data innovation to our lives by converging geospatial
information and information communications technology.

In this presentation, we will illustrate with open/big data study projects in our laboratory, and construction of geospatial
platform project supported by Ministry of Internal Affairs and Communications in Japan between 2014 and 2015. We
focus distribution of people-flowing data and visualization being an important aspect of geographic information, the use
of various tools, such as FOSS4G, is required. On the other hand, since the formats of open data currently vary, a cross-
evaluation is necessary to determine the usability of the available data, especially in the case of geographical information
comprising of latitudes and longitudes, as well as readable mechanical data. More geospatial data will be distributed
through the open platform by the various organization will use these data, we believe that help to social issues and
disaster response.

To support the distribution of open data, further study is necessary in regard to data characteristics positional accuracy
and update frequency. The open data released in recent years include real-time data on expansion and space utilization
rather than static geospatial information, which are essential to dynamic simulations and the development and study of
urban infrastructure. In general, there is a continuing need for further comparative studies on the utility of open

geospatial data in decision-making.

Keywords: Big Data, Free and Open Source Software for Geospatial (FOSS4G), Human behavior, Open Data
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Center for Spatial Information Science
Since 1998

Spatial Information Science

Missions, Aims:

* Creating, Developing, and Spreading Spatial Information

* Developing Spatial Databases for Research Purposes

* Promoting Joint Industry-Government-University Research

Sources: http://www.csis.u-tokyo.ac.jp/english/introduction.html
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Research Background
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Participatory GIS (PGIS) 1990s~

e Participatory GIS (PGIS) was WF |
one of the more substantive
methodological and political
themes to arise out of the

“GIS and Society” research.
(e.g. Environmental Decision making).

* PGIS is meant to bring the
academic practices of GIS and
mapping to the local level in
order to promote knowledge
production.

3
b

Sieber, 2006; Weiner et al., 2007 (Craig et al., 2002)
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Neocartography

* Map makers who may not have come from
traditional mapping backgrounds, and are
frequently using open data and open source
mapping tools .....

* Another difference is in the blurring of boundaries
between map producers and map consumers.

Commission on Neacartography
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Our Recent Project Overview:
Using Geo Big Data for “flow”

Shibasaki & Sekimoto Lab.
http://shiba.iis.u-tokyo.ac.jp/
http://sekilab.iis.u-tokyo.ac.jp/
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N
People Flow Project (PrLow) Sl n C e 2008 el

Data Provision Service Data Cleaning Service Data Visuafization

- Recently, monitoring dynamic changes in people flow has become necessary, in
order to mitigate secondary disasters following earthquakes, fires or other major
events, as well as to mitigate congestion at nodes in terminal stations. From the
point of view of public facility managers, it is necessary to grasp the people flow
comprehensively, for instance, in order to design safe and comfortable spaces, and
appropriate urban transport policies. In commercial fields of outdoor
advertisement, price systems, which support an effective advertising activity,
depend on the traffic volume of people for each location.
In technical terms, tracking mobile objects by GPS or PHS, tracking the number of
people who are stationary by CCTV camera, tracking the number of passengers
getting on and off according to the number of IC (integrated circuit) tickets
through the automatic ticket gates, tracking the number of people who are
stationary by the number of registered mobile phones at each base station, and
tracking the hourly number of visitors to department stores enables us to measure

people flow according to various dimensions.

However, the scope of many of these goes no further than data acquisition technology. Such research cannot be seen as

Tmfunmbuiimbiion Anbn bhak smm sascanaba tha sssciead data and provide an overview of the mass flow. This is true in terms of the
Source: http://pflow.csis.u-tokyo.ac.jp | accuracy, acquisition/process cost and value to the user as a service.
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Mobmap: Google Chrome App. for Moving Data
Developed by Mr. Ueyama

Tsunami Evacuation Survey in 3.11
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2 2004 Hanoi Available People Flow Data
2009 Dhaka These data can be accessed through joint
A998 Manila research proposal with CSIS (JoRAS) for
L4 administrative or academic purposes.
2006 Sapporo
- '
__2002Jakarta )
2002 Asahikawa
_2006 Southern Okinawa ) e ————
2005 Akita
3
2001 Nagano & 2002 Sendai
2007 Kanazawa .\ 2006 Korlyama
I
1994 Southern - L 19%Toger
Okayama < g™ 4 [ 2008 Tokyo*
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j". Social Big Data Platform for Creating
Open Smart Cities (2014~ )

Kriv

Real-time Urba.n Managc-amerlt g ‘¢ TDU
by People Flowing Data in Fujisawa %7 .ax, ™=%% yry

Visualization_ of the call for service of the ambulance

—
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Smart Big Data S 3 : -

Public Pickup Bus/Car | ——  PUublic Patrol
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The Geospatial Data for
Open and Platformalization

H “Open means anyone can freely access, use, modify, and
share for any purpose (subject, at most, to requirements
that preserve provenance and openness).”

by opendefinition.org

B Open government = Open Inovation !

g DémocratieDuverteos Open Government Data
. L ComumraiAl Irancephore de POpenGEY

Educate Citizens (pedagogy) Monitar Policies
n e e Yty
Displiy gav \I ,-“,vl cation stratagies
" I|I'|l
It Citize Break down Silos
i and Pyramidal
; ,, Structures
+ imside organisations

= Between organiations

Open Government

Collaboration

Participation Work Horizontally

- Between organisations
- Through territories
With:
- Sarvics denign tools
- Agils methodologies
- [: 1

© o

Organise Partnerships
[T ——

Companies

Co-Design Policies NGOL

Public authoritivs
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2009~ : Government as Platform

Home Data Apps Interact

== JATA.GOV

] Datasets

The home of the US. G a

Here you will find data, tools, and reso Search Tips
applications, design data visualizations © Conduct Mag: Based Search

[
30566 Results sortby: populariy  <| B

Road Safety Data

Manufacturing & Trade Inventories & Sale

These files provide detailed road safety data about the circumstances of
personal injury road accidents in GB from 1979, the types (including Make and

BROWSE TOPICS Model) of vehicles involved and the...
'\"9 s"- a—— ” | Land Registry Pri Paid Dat Business & Economy
L m 1l an egistry Frice Fal dla
LI
[
Agricultore Business Climate Price Paid Data tracks the residential property sales in England and Wales that

are lodged with Land Registry for registration. Our price paid data tracks the
residential property sales...

B GeoPlatform =Menu - OTushika;-u Se

Welcome tothe

Geospatial Platform

The GeoPlatform provides shared and trusted geospatial data, services, and applications for use by the

Featured

e 8
.

Marketplace Coming Soon: GeoCONOPS Community Map Viewer

ch and explore web

Launch Launch

Source: https://www.geoplatform.gov/
08
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G8 Open Data Charter 2013.6.18-» High Value Data is Geospatial !

Policy paper

Published 18 June 2013

Contents
. Principle 1: Open Data by
. Principle 2: Quality and Qu
. Principle 3: Usable by All
. Principle 4: Releasing Datg
. Principle 5: Releasing Data
. Technical annex

Source:

Prea

N Th

https://www.gov.uk/governmer
http://www.mofa.go.jp/mofaj/g
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Companies

Crime and Justice

Earth observation
Education

Energy and Environment

Finance and contracts

Geospatial
Global Development

Government Accountability and
Democracy

Health

Science and Research
Statistics

Social mobility and welfare

Transport and Infrastructure

Company/business register

Crime statistics, safety

Meteorological/weather, agriculture, forestry. fishing, and hunting
List of schools: performance of schools, digital skills

Pollution levels, energy consumption

Transaction spend, contracts let, call for tender, future tenders, local budget,
national budget (planned and spent)

Topography, postcodes, national maps, local maps
Aid, food security, extractives, land

Government contact points, election results, legislation and statutes, salaries
(pay scales), hospitality/gifts

Prescription data. performance data

Genome data, research and educational activity, experiment results
Mational Statistics, Census, infrastructure, wealth, skills

Housing, health insurance and unemployment benefits

Public transport timetables, access points broadband penetration
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Global Open Data |ndeX 2015 http://2015.index.okfn.org/place/

mu® OPEN DATA INDEX

Places

Datasets

Download

This census data is available to
use public domain.

Insights Methodology  About Press
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) e
et OPEN DATA INDEX

Places  Datasets  Download Insights Methodology =~ About  Press

The Evaluation of Japan

Rank @ Dataset Breakdown Location (URL) Format Info Prev. (2014) Score

HEHEEEE hitpwwewpost. apanpost jp/z csv Li] b 1 1005% i

=

1 Location datasets

o cmnsess o DEDAEODEE " 1
16  Legislation o DEEBBEIBEEIE ruevawegoveoipigibin. nfa 0 #12 75%
20 Weatherforecast o BEBEIEIBEEIE rve/awwimagoipipwees o/ 0 na 55%
25 Government Budget o BEIBEIEIBIEIEE rve/wwmotgoipbudgetie..  Excel 0 70% |’|
27 polltant Emissions o OEOEEEELE ‘wioommesvisony v o i =
3 Land Ownership o AEBABBERE w/wwiokrs o o w oo |
33 National Statistics o BEBEEBERIE rwiwvwwestatgooslies.  CSV... 0 70% ‘
24 NationalMap o AEBERBERE rvw/wwssisopiibanind.  GML 0 #20 50%
46° | Procuremant tanders  AEBBEBRBELE rvwivweanteigoiphan. s o i

46 Water Quality o ABBEABRALAE - 7 0 i

47  CompanyRegister c BEBEBEGABERIE ruwowwiousior n/a o 57

87  ElectionResults o AEBEBEERBRBE o/wwwsoumugopieniyel  Excel 0 022

Sources: http://index.okfn.org/place/japan/
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i

© OpenStresthMap contributors © CaroD8, CartoCB attritet on

Source: http://bit.ly/1qET2Ss

i Y 4 108810
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G-space X ICT promotion council of Japanese Government

(1) Construction of platform
= Constructing a platform that allows the utilization and application of flexible combinations of G-spatial-related data items possessed by
the public and private sectors by around the end of fiscal 2015. Contributing to the realization of the "G-spatial Information Center”.

* Opening the platform to organizations, such as private companies, for the utilization of the platform to develop and demonstrate the
creation of a variety of new services.

einforceme
applications

= Creating a best practice collection of utilization and application examples of G-spatial information by around the end of fiscal 2014, in
order to promote the multi-purpose use of G-spatial information possessed by local governments.

* Local governments and public service companies will establish a collaborative model by around the end of fiscal 2015, in order to mnloe_/

\.__efficiency improvements In the production and updating of maps, and systematically expanding the model,

Common Infrastacture projects

A G-spatial-related market with
(currently approximately 20 trillion yen).
Expanding the results of the projects in both Japan, and overseas.

anbpm ny around the end of I'iwll ms and mmrnmw Infroducing a system that will . EslabHshlng a Iead!ng«edge rmdel of the uuitzalnm and applncahon

make a big data analysls of G-spatial information in real time, apply vanous means of of G-spatial information with ICT in cooperation with ministries
franamiiing infarmation Inchading the message function of quask-zenith satellites, and actualize concerned with areas such as the advancement of transportation
a model system that will provide each indiidual with precise information and agriculture in and after fiscal 2014.

B [T ———— IR ’ -
+ Davelopg, by arcuns the e o faca 2020, g systematcaly noducig a Gsastr « Implementing G-spatial and ICT demonstrative projects overseas
RSN aypiain Wal Wit oty dvmncad inolmiion S8 Wrge-E0ue tiesyierE Snd ipacel centered on the ASEAN regions in and after fiscal 2014, in order to
disasiers that people cannot approach as well as wllizing necessary equipment such as robols reinforce intemational mpemnes_,. and promote an expansion
iR SnAansed; TamoNe aonired )\ ofthe use of "G-spatial information * ICT", .

Source: http://www.soumu.go.jp/main_sosiki/joho_tsusin/eng/presentation/pdf/130628 1.pdf
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This project (2014-2015) are funded by Ministry of Internal Affair and Communications (MIC).

+ Establishing a platform to enable smooth use of the data of G-space, which both public and private sectors hold by around the

end of fiscal 2015.
* Opening that platform to private companies, and utilizing it to develop new services.

:‘"Map information
: (e.g., 3D maps)

R - S . ¢ Aerial image, e eara
", * information on seismic i u:.:gml h-ﬂo:?mﬂo i suta"kla pfwlos slc P i
;;nm-nub'wrwqrhn : . 3 peaple

’-ll'l'l'l'll.."""l' e =
X MEstsgssssaannnnnnysl
t‘ L LT Ry .-“%HT'“"W v
ap...'. |.._..--l- 'll-a--.l---oonu-....._.-...-
[0l aner prosicton sl disester Ry Acdeaiies ncement of (drisportation and {Regional ‘activation]

(Tsunam| and
heavy rain

simuations f:' and prache
: (Evacuntion QUIBNGS  basod on high- ance o disastor
ﬂtm'l!u:mn:mln foreach IndMdual regotion e conditions and disaster  uming robots)
bresty according 10 ABASIST  postioning maps) et

witusations)

Source: http://www.soumu.go.jp/main_sosiki/joho tsusun/engf'nresentatlon/odf/130628 1.pdf
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Local Governments and Public Organization’s Data
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Future Plan: Treat with Commercial Data for people flowing
cf. Daily People Behavioral Aggregation Data by Mobile Phone
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Future Plan: Treat with Commercial Data for Car Probe
cf. The Car image and probe data at the 2013.02 heavy snowfall

FrR26F MRR O:MTIRBRR (LSRR

- = ™ T =
Y PO B0 255

Source: https://www.youtube.com/watch?v=puf5SMdIlcNtw
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Conclusions:
The Further Potential with Flowing Geospatial Data

* The importance of the flow data

— Peoples, logistics and natural phenomena with
real-time

* Understanding to urban dynamics

— Focus on urban social issues (cf. Disaster
Management)

— More analyzing and visualizing flow data

* Integrate from static to dynamic geospatial
data

—The new value creation of geospatial data
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Conclusions:
The Benefits of Open x Geospatial x Platform

* Data and Place Based Driven Decision Making
— Data Visualization, GeoWeb

* Reduction of Government Costs
—Not need to inquiry counter
— Beyond/seamless to local area data

* Support to Open Government by Open
Technology
— Increased Citizen Engagement
— Cultivation of GIS Volunteer
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Thank you &
Questions ?

tosseto@csis.u-tokyo.ac.jp
http://researchmap.ijp/tosseto
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Development of Activity-BAsed Traveler Analyzer (ABATA) system using bigdata

Kwang-Sub Lee
leeks33@krri.re.kr

Korea Railroad Research Institute

Abstract

The travel demand forecast is a very important component in the evaluation of transportation related projects. Even though
most of countries have their own feasibility system in order to evaluate transportation projects, they frequently face with
concerns with, for example, the accuracy of estimation, such as overestimation of traffic demand and/or underestimation
of costs. In the meantime, the recent developments of new data collection technologies and bigdata give new opportunities
for transportation planners to improve travel demand analysis and to understand traveler’s behavior. The limitations of a
traditional 4-step travel demand forecasting model are well known to transportation experts; it is not very sensitive to
traveler’s behavior and transportation-land use related policies due to its limited analysis resolutions and basic assumptions.
Therefore, many transportation planners try to apply an activity-based method. The basic idea of an activity-based model
is that travel is derived from the demand for activity participation. Thus, an activity-based approach incorporates individual
traveler’s’ scheduling of activities in time and space. Researchers at Korea Railroad Research Institute (KRRI) are
developing a new system, called ABATA (Activity-based Traveler Analyzer). It is a system to estimate hourly activity
population and trips, by considering an individual activity schedule of travelers. It is a transitional activity-based system,
but is enough to analyze spatial-temporal effects of activity schedule changes, socio-demographic changes, and land use
changes at a disaggregate level. ABATA system utilizes various input data, including household travel diary survey data,
mobile phone data, block-group level statistics, and so on. Throughout the activity schedule modeling, activity population
modeling, and relative attractiveness modeling, the system estimates number of hourly activity population by activity types
at a block group level, and estimates hourly trips. The system is expected to be used in various transportation and land use
related projects, for example, the impacts of land use changes (e.g., a large-scale shopping center construction) on

transportation, the impacts of socio-demographic changes, and the effects of operation schedule or route changes.
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Development of Activity-BAsed
Traveler Analyzer (ABATA) system
using bigdata
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< Reliability issue of demand forecast  « Problem of over-estimation

Busan-Gimhae LRT [Estimation & actuall Overestimation of demand
==} A B -

g’
!~.yﬂf- -
.:é)}"&eg'-‘ At
ae - A0E A, A=4+g9 17/%0] 24>

1995 2005 2011(Sep.)

300,000

250,000

200,000
150,000
100,000

50,000

g

< The rise of bigdata and expectations

- W
Big
Data
Analysis of u n:fa;t::ty

Data
\

/

Different
forms of Data

= Eﬁn o

.- (S WY a
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- —Dnly 1 zone in local city _
| (Limitation of intra—-zonal analysis)

- National household travel survey data -
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A s [ - Total floor area of buildings
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I. Overview of project
ﬁ( o Backgrourqu o
m Utilization of bigdata for public transport planning & operation :

@ Needs of an intra-city level, sophisticated travel demand analysis tool
- Different from inter-regional travel demand analysis
- Microscopic estimation method to incorporate various travel patterns

= Considering a block group level all

@ Limitations of traditional method
- Based on national household travel survey data
- Aggregated by administrative Dong level

- Small sampling : less than 3% of total population

@ Needs of a new analytical tool using bigdata to support transportation policy,

:_-.-I to analyze the introduction of a new transport system, and to analyze

land use on travel demand

N
L Comparison of Travel Demand Forecasting }
Category Traditional 4-step TDF method ABM approach based on bigdata E

QHHOUSEROI Taye! surveydata O Household travel survey data

= s
o I(\::ts;i:g?:tgt/;sfii':plmg) (O Block group level national statistics |

(based on administrative Dong) O Hourly mobile phone data

Primary data

Spatial O Administrative Dong O Block group level
resolution {Aggregated zone level) (About 1/25 size of zone)

O Block group level trips, but based on 24-hr activity

Trip resolution O Zonal trips excluding trip chains schedule including trip chains

(O Estimation of travel demand by spatial-temporal
activity-based model
(Activity schedule modeling — Estimation of
relative attractiveness — Estimation of spatial-
temporal activity population — Estimation of travel
demand)

O Traditional 4-step model
Method {Trip generation — Trip distribution
— Mode choice — Traffic assighment)

Output
resolution

: s (O Block-group level, hourly activity population and
AL AR trip OD for 24 hours
QO Increased policy investigations due to finer

O Limited policy investigations due to resclutions

{
s |
=9

Rollcyanalysis aggreg?ted Spatial-temporal - Integration with land use, social groups
> resolution = X <
\ - Microscopic analysis .
- = — — - o
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ABATA (Activity-BAsed Traveler Analyzer)

“Activity and bigdata based travel analysis
system to estimate hourly activity population
and travel demand, by considering individual
activity schedule of urban travelers grouped by

activity types (home, work, shopping, etc) and

land uses (block-group level)”

m HOME %m A neznesmon + HOSPTAL

m
5
— IS AHIE - — 113 Vol (/21 ‘I ._ w2 =
, e J— T

f‘! SHORPING
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- .
W Why Developing ABATAD J

Q: What are the impact of operation schedule or route
changes by subway or bus at a specific region based
on hourly transit demand?

Q: When the population ratio of old people, for example,
increases by 20% at a city, what would be travel
patterns and transportation system?

Q: What are the impacts of land use changes or urban
redevelopment on travel patterns?

-,

Il. Development of ABATA 1

Structure of ABATA System ’

1
Block-group ¥
Mobile Land use level
phone data GIS DB statistics
G|S DB

|
" Correlation ﬁ

Household
travel survey

data

Activity analysis of " Activity

schedule ' activity population

modeling / types by : modeling
“ - mnd use . 7

Estimation of
activity
population
{hourly and
activity types)
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pes used in ABATA
Types Data Note
Population (Block-group level) National Statistical Office
Basic statistics Employment (Block-group level) National Statistical Office
Travel survey Household travel survey data
\ Mobile phone data Hourly mobile phone data (Pcell, 50mx50m) SKT
\
“ Comparison of data
Features Basic statistics Household travel survey  Mobile phone data
Obtainability @) O X
Collection period O A O
Spatial details A O O
Temporal details X O O
Information accuracy i A A
Data scale Population Sampling Estimated population
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{ Activity Schedule Modeling

Environment
Change

Schedule Change

< EX) Extended working
hours at department store
HOME — SHOPPING

% Ex) Closing a school
SCHOOL - HOME

.

o
*o

and use
Size of business
» Operation hours

*
o

(4

*,

®,

Policy Change Schedule Change

<+ EX) Activity location
change

+ EX) Activity starting
time or duration change

7

% Home working

+ Staggered office
hours

% Part-time working

[ Developing Activity Schedule (Based on Household travel survey)

@ Age & Gender # Occupation 4 Employment

| Group Ratio Gender Ratio Type Ratio Type
‘ Under10  10.0% Man 50.1/% Student 31.2 % Home worker

‘ 10~19 15.11% Woman 499 % Homemaker/unemployed 21.8 % Full-time worker
20~29 17.3% Professional worker 416 % Part-time worker
30~39 15.4% Setvice worker 10.0/ % Self-employed

0A  4A]  8A] 12A] 16A] 20|

40~49 24.6% Sales worker 12.01% Others
50~59 11.4% Office management 10.1 % Unemployed
Over 60 5.2 % Agriculture, forestry 2.7 %
Mechanical 4.3 %
Others 331%
Individual activity schedule Activity Profile
Hours 100%
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_ Business support model for E
public & private sectors

.--i

/ Planning ! Emergency \
. &policy __ Pplanning
: J— ' Activity-BAsed | I
| d 3

\ Traveler Analyzer A ERNIIAEIIE TN
| | tourist

...\.‘

Business area &
. location analysis /

Increased
visitors &

* B_xt'endirH i
“influence filea | — wi (X

|| [Amacf30%ofshoppers vising o GOEX | g

[ Influence area is extending because of the increased

number of shoppers visiting to Samsung-Dong ] !
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A Deep Dive into Location Intelligence and Big Data

Fernando Carrasco
fernando@carto.com

CARTO

Abstract
A Deep Dive into Location Intelligence and Big Data is a presentation of the concept of Location Intelligence in the past,
in the present and in the near future. The presenter will showcase different Location Intelligence cases and the audience

will appreciate how the volume of location data has been increasing over time.
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Location Intelligence and Big Data
be ’ s

%

A Deep Dive into

Past, Present and Future

PAST

PRESENT
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PAST

John Snow,
London Cholera
Outbreak, 1854

youtube, com watch =P g3 2LB 612 K 0 Eae
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John Snow,
London Cholera
Outbreak Map,
1854
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PRESENT

| found a Squirtle!

Click
For More
Pics Of

Pokemon Go Memes




WHAT WERE WE MISSING IN THE

PAST?

Custamer Online Purcha
$142.33 (avg)

. ‘:
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Inside Airbnb

Adding data to the debate
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IN WHAT US CITY I% AIRBNB THE MOST
CONTROVER‘SL‘%L‘? \x]
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SUBSCRIBERS O
MATTFRA SEWART LNG

THE BUSINESS IMRUCATIONS PRE CLEAR.

PET PEEVE #208:

GEOGRAPHIC PROFLE MAPS WHICH PRE
BAOICALLY JUST FORULATION MAPS
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\ AGGREGATE AND BLEND THE
_ 7 N
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WHIME VERY CQ-NTROV-ERél_A.L,--IN-\\\%‘\F, AIRBNB SHOWS
THE GREATEST PENETRATION AND PERNAPS THE.GREATEST
saTURATION IN NYC (aND LA) NEIG\H\BQRHOODS.
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NEAR FUTURE

“Every two days now we create as much information as we
did from the dawn of civilization up until 2003.”
— Eric Schmidt, Google CEQ 2010




AN INCREASING AMOUNT OF DATA
NEEDS MORE PROCESSING POWER

ANALYZE BILLIONS OF HISTORIC AND REAL-
TIME RECORDS LIKE A REGULAR TABLE




LAYERS
Customer Online Purchase

$142.33 (avg)

Customer Median Age

Customer Median Inco

ales territorias

wn

Dark Matter {Lite) LOW INCOME, MIX OF MINORITIES 1

WEALTHY UBBAN WITHOUT KIDS

HISPANIC AND YOUNG

PAST

PRESENT

FUTURE
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I’E S a culrmnath[an of sc1ence technology, geography, learning, storytelling,
é‘eSzgn and humamty that has created our modern culture of location
intelligence.

THANK YOU!

CART®

FERNANDO@CARTO.COM

PREDICT THROUGH LOCAT ION
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