OIBX|57 CIX|LELIOR Of= B2 EALS] ‘ ‘

8'6L0¢

[="ETS ‘ SHIY

KRIHS ', FEaTY KRIHS () =72




KRIHS () 2EA7



g
"=
Smart GEQ Expo 2019
2019 40t i!“],lél

Spatially Enabled Society 2019 1EGIS sZaiiis. -
with Al and Digital Twin

Program

13:00~13:30

Registration | S5

13:30~13:35

Opening Remarks | 7HZ|AF
President of KRIHS S EHT &%

13:35~13:40

13:40~14:20

13:40~14:20

Congratulatory Address | = At
Deputy Minister of House and Land Office, MOLIT 3EWER FHEX|AE

Keynote Speech 7| =14

Senseable Cities AIAME AJE|
Prof. Carlo Ratti, Senseable City Lab, MIT

14:20~14:40

14:40~16:40

14:40~15:10

Coffee break 54!
Invited Talk 2 A4

Smart Partnerships A0tE TIEL{ &
Prof. Debra Lam, Georgia Institute of Technology

15:10~15:40

How Big Data Can Meaningfully Support Urban Design and Planning
YIGO[HE EE5 T A| TRl A&
Prof. Bige Tuncer, Singapore University of Technology and Design

15:40~16:00

Understanding Tourists’ Image of Seoul with Geotagged Photos
using Convolutional Neural Networks
CNNEZEE 0|28t 2|21 H&z4o] MZ 0]0]X] 24
Prof. Youngok Kang, Ewha Womans University
O|2pof XISt ZHHES w4

16:00~16:20

Use Cases of Geospatial Information in Al Applications
QUBXs SSUHM S7HEE &2 AR
Prof, Hyeonkyu Lee, KAIST
S 0e}7 |8 0|8 W

16:20~16:40

Monitoring Land Use and Land Cover Change using Geospatial A.l.
PIZX|s 7|&E €20t aERLIEHE Sl gor
Dr. Ki-Hwan Seo, KRIHS
SEATE M7|E AR

16:40~17:00

17:00~18:00

17:00~18:00

Coffee break 54!
Panel Discussion SEHE2

Moderator | Zt%
Dr. Hosang Sakong, KRIHS | 2ETTH ALSSAF MYUATL| R

Panels | E2XAt
Prof. Do-Nyun Kim, Sungkyunkwan University | AZ2c&hn ZeH wes
Prof, Kyoung Jun Lee, Kyung Hee University | ZI3|CH5t 07 w4
Dr. Seungbum Kim, VW LAB | H0|HES3 Z&H A%
Dong Min Han, MOLIT | 2EUSE ZEHEZHMI} SH=0| apxEt
Bo-Gyeong Mun, The Electronic Times | TAMME S 2 XHE




QIZX ST CIXHERCE o= ZHH A

Keynote Speech
Senseable Cities[ﬂk—i% AlEl] ........................................................................................ 1

Prof. Carlo Ratti(Senseable City Lab, MIT)

[Invited Talk 1]
Smart PartnerShipS[éDI'E I[I-EL:Iﬂ] ........................................................................... 69

Prof. Debra Lam(Georgia Institute of Technology)

[Invited Talk 2]
How Big Data Can Meaningfully Support Urban Design and Planning
[HIE|O[E{2 SHREF TA| CYRFQIT} H|BI] wrreererrserereessssmmsrssssssssssssssssssssssssssssssssssssses 85

Prof. Bige Tuncer(Singapore University of Technology and Design)

[Invited Talk 3] ‘

Understanding Tourists’ Image of Seoul with Geotagged Photos using
Convolutional Neural Networks

[CNNEZHLES 0|25t QI TBZHO| M OO|K| BAI] rrrererresrrssmersessersiseneens 107
Prof. Youngok Kang(Ewha Womans University)

[Invited Talk 4]
Use Cases of Geospatial Information in Al Applications
[QIZX|S SLUAMO ZZHHE BHR AFY|] owrerereerereerersersesessssssnsessssssessessseee 127

Prof. Hyeonkyu Lee(Korea Institute of Science and Technology)

[Invited Talk 5]
Monitoring Land Use and Land Cover Change using Geospatial A.l
[Ol_|_g_xlg 7|%% %‘8‘@' QEELlE-IEC_)I %_:!ﬂ I:CI’I-OI_|-] ...................................................... ']39

Dr. Ki-hwan Seo(Korea Research Institute for Human Settlements)



ASX S CIXEERSZ o

Prof. Carlo Ratti
Senseable City Lab, MIT

Senseable Cities
[MIME AlE]]




2019 International Conference on Geospatial Information Science Carlo Ratti -~ Senseable Cities
Spatially Enabled Society with Al and Digital Twin

SENSEABLE CITIES

Carlo Ratti
ratti@mit.edu
Massachusetts Institute of Technology (MIT)

Abstract

The way we live, work, and play is very different today than it was just a few decades ago,
thanks in large part to a network of connectivity that now encompasses most people on the planet.
In a similar way, today we are at the beginning of a new technological revolution: the Internet
is entering the physical space — the traditional domain of architecture and design — becoming
an “Internet of Things’ or 10T. As such, it is opening the door to a variety of applications that
—in a similar way to what happened with the first wave of the Internet - can encompass many
domains. from energy to mobility, from production to citizen participation. The contribution from
Prof. Carlo Ratti will address these issues from a critical point of view through projects by the
Senseable City Laboratory, a research initiative at the Massachusetts Institute of Technology, and
the design office Carlo Ratti Associati.
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Seoul, 8 August 2019 ICGIS 2019 Conference

Senseable Cities

Big Data and Mobility

Carlo Ratti
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Professor of the Practice of Urban Technologies, MIT
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A Very Busy Farmer
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Aviation Police

A Whale-Bus
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Aerial Firemen

“The future is open. It is not predetermined. No one can predict
It, except by chance. We all contribute to determining it by
what we do. We are all equally responsible for its success.”

Karl Popper
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Learn more about the project |

i
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Taxi Pickup

Taxi Pickup

West 15th Street

Tatal Pickups: 1069
Average duration: 12.4 min
Average distance: 3 mi

Taxi Dropoff

?

Taxi Dropoff
East 54th Street

Tatal Dropoffs: 1053
Average duration: 10.2 min
Average distance: 2.38 mi
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Quantifying the benefits of vehicle pooling with

shareability networks

Paclo Santi*®, Giovanni Resta®, Michael Szell*', Stanislav Sobolevsky®, Steven H. Strogatz®, and Carlo Ratti®

*Senseable City Laboratory, Massachusetts Institute of Technology, Cambridge, MA 02139; Istituto di Informatica e Telematica del Consiglio Nazionale delle
Ricerche, 56124 Pisa, Italy; and ‘Department of Mathematics, Cornell University, Ithaca, NY 14853

Edited* by Michael F. Goodchild, University of California, Santa Barbara, CA, and approved July 25, 2014 (received for review March 3, 2014)

Taxi services are a vital part of urban transportation, and a consider-
able contributor to traffic congestion and air pollution causing
substantial adverse effects on human health. Sharing taxi trips is
a possible way of reducing the negative impact of taxi services on
cities, but this comes at the expense of passenger discomfort

At the basis of a shared taxi service is the concept of ride sharing
or carpooling, a long-standing proposition for decreasing road
traffic, which originated during the oil crisis in the 1970s (6).
During that time, economic incentives outbalanced the psycho-
logical barriers on which successful carpooling programs depend:

quantifiable in terms of a longer travel time. Due to computational
challenges, taxi sharing has traditionally been approached on
small scales, such as within airport perimeters, or with dynamical
ad hoc heuristics. However, a mathematical framework for the
systematic understanding of the tradeoff between collective
benefits of sharing and individual passenger discomfort is lacking.
Here we introduce the notion of shareability network, which
allows us to model the collective benefits of sharing as a function
of passenger inconvenience, and to efficiently compute optimal

giving up personalized transportation and accepting strangers in
the same vehicle. Surveys indicate that the two most important
deterrents to potential carpoolers are the extra time requirements
and the loss of privacy (7, 8). However, the lack of correlations
between socio-demographic variables and carpooling propensity
(8), the design of appropriate economic incentives (9), and recent
practical implementations of taxi-sharing systems in New York City
(http://bandwagon.io) give ample hope that many social obstacles
might be overcome in newly emerging “sharing economies™ (10, 11).
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Figure 1: Shareability networks. (A) Trip sharing model and taxi capacity. Each of the three cases involves

three trips Ty, T, and T3 to be shared, but ordered differently in time . The top case cormesponds to a feasible
sharing according to our model with k — 2, and the trips can be accommodated in a taxi with capacity = 2. The
middle case cormesponds to a model with & 3 since thme trips are combined: notice that the three trips can
be combined in a taxi with capacity two since two of the combined trips are non-overlapping. The bottom case
corresponds o & — 3, but here a taxi capacity > 3 is needed to accommodate the combined trips. (B) Example
of maximum matching () in a simple shareability network. The links belonging to the maximum matching are
displayed in bold. (C) Example of maximum weighted matching (#). (D) Exemplary subset of the shareability
network corresponding to 100 consecutive trips for values of A — 30sec and (E) A = 60soc, showing network
densification effects and thus an increase of sharing opportunities with longer time-aggregation. Open links point
to trips outside the considered set of trips. Isolated nodes are represenied as self-loops. Node positions are not
preserved across the networks.
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Addressing the minimum fleet problem in
on-demand urban mobility

M. M. Vazifeh', P Santi'?, G. Res

S. H. Strogatz® & C. Ratti™*

Information and communication technologies have opened
the way to new solutions for urban mobility that provide better
ways to match individuals with on-demand vehicles. However, a
fundamental unsolved problem is how best to size and operate a flect
of vehicles, given a certain demand for personal mobility. Previous
studies'* either do not provide a scalable solution or require
changes in human attitudes towards mobility. Here we provide a
network-based solution to the following ‘minimum fleet problem)
given a collection of trips (specified by origin, destination and start
time), of how to determine the minimum number of vehicles needed
to serve all the trips without incurring any delay to the passengers.
By introducing the notion of a ‘vehicle-sharing network) we present
an optimal computationally efficient solution to the problem, as well
asa nearly optimal solution ble to real-time impl i

‘We test both solutions on a dataset of 150 million taxi trips taken in
the city of New York over one year®, The real-time implementation
of the method with near-optimal service levels allows a 30 per cent
reduction in fleet size c 1 to current Although
constraints on driver availability and the existence of abnormal trip
demands may lead to a relatively larger optimal value for the fleet
size than that predicted here, the fleet size remains robust for a
wide range of variations in historical trip demand. These predicted

reductions in fleet size follow directly from a reorganization of
Viemntehinm shat anmld ha Jon it o wswwamlln srohuo

il

Inwhat follows, we solve the 'minimum fleet problent for the general
case of on-demand mobility, and show that its selution for a specific
case—taxi trips—could lead to breakthroughs in operational efficiency.
To the best of our knowledge, no publicly available solution currently
exists to address this minimum fleet-size problem at the urban scale
for on-demand mobility in both private and public sectors. On the one
hand, accurate methods based on mathematical programming (as tra-
ditionally used in the design of transportation systems' ) can handle
only a few thousand trips or vehicles at most, which is well below the
hundreds of thousands or even millions of trips or vehicles routinely
operating in large cities. On the other hand, city-scale studies'” are
obtained using a model of transportation based on aggregated mobility
data and Euclidean spatial assumptions, and hence lack the resolu
tion necessary to estimate the urban-scale benefits of vehicle sharing
accurately.

We start from the notion of the shareability network introduced in
ref. *, which did not focus on the dispatching of vehicles. The type of
shareability network introduced here is profoundly different from the
type studied previously: it models the sharing of vehicles, whereas pre-
vious networks”* modelled the sharing of rides. The main methodo-
logical contribution of this Letter is to show how this vehicle-sharing
network can be translated into an exact formulation of the minimum
fleet problem as a minimum path cover problem on directed graphs,

A
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64 drivers

40 hours per driver (ave.)
2500+ hours of driving
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Using a clustering
algorithm and Principal
Components Analysis it is
possible to cluster drivers
according to their driving
behavior, discovering
similarities and outliers.
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0.65% of

Singapore

410,000 -90,600(-70%)
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We developed a new intersection

control pal;adi'g.m called AIM.

“In Milan, traffic lights are instructions.
In Rome, they are suggestions.
In Naples, they are Christmas decorations.”

Antonio Martino
Former Minister of Foreign Affairs (1994) and Minister of Defense (2001-2006)
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RESEARCH ARTICLE
Revisiting Street Intersections Using Slot-
Based Systems

Remi Tachet', e, S
Emilio Frazzoli®, Dirk Helbing®, Carlo Ratti’

ky', Luis Ignacio Reyes-Castro”,

1 Senseabla City Laboratory, Massachusetts institiee of Technology, 77 Massachusetis Avenua,
Cambridge, MA 02139, Uniled States of Amaerica, 2 istituto di informatica o Telematica del CNA, Pisa, ltaly,
3 Laboratory for Information and Decision Systems, Massachusetis instiute of Technclogy, 77
Massachusetts Avenue, Cambridge, MA 02139, Unied States of America, 4 ETH Zurich, Computational
Social Science, Clausiusstrasse 50, CH-8082, Zurich, SWITZERLAND
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Abstract

Since their appearance at the end of the 18th century, traffic lights have been the primary

mide of granting access to road i Today, this turies-old Y is chal-
lenged by in intedligant o 1, which pening the way to new sclutions
built upon slot-based systems similar to those commenly used in aerial traffic: what we call
Slot-based ions (Sis). Despite si ion-based of the potential benefits
of Sis, a P ive, i to compara their relative performance with

traffic lights is still lacking. Here, we develop sucha We app the problem
ina novel way, by generalizing classical queuing theory. Having definad safety conditions,
we characlerize capacity and delay of Sis. In the 2-road crossing configuration, we provide
& capacity-optimal S| management system. For arbitrary intersection configurations, near-
optimal solutions are developed. Results theoratically show that transitioning from a traffic
light system to 51 has the potential of doubling capacity and significantly reducing delays.
This ared of non-linear induced by i bottienecks, with
positive impact on the road netwark. Such finding: provide transm i i

and planners with crucial insights as they prepare to manage the transition lowards a mora
intelligent transportation infrastructura in cities.

26



2019 International Conference on Geospatial Information Science
Spatially Enabled Society with Al and Digital Twin

Carlo Ratti

- Senseable Cities

SRR

e

27



2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin

1
Py

A

28



2019 International Conference on Geospatial Information Science Carlo Ratti -~ Senseable Cities
Spatially Enabled Society with Al and Digital Twin

29



2019 International Conference on Geospatial Information Science Carlo Ratti -~ Senseable Cities
Spatially Enabled Society with Al and Digital Twin

30



2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin




2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin




2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin




2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin

34



2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin

LR O
R




2019 International Conference on Geospatial Information Science Carlo Ratti -~ Senseable Cities
Spatially Enabled Society with Al and Digital Twin

36



2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin

37



2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin

38



2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin

39



2019 International Conference on Geospatial Information Science Carlo Ratti -~ Senseable Cities
Spatially Enabled Society with Al and Digital Twin

40



2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin

2X SPEED | —
E4s
at 4
§1‘) 1
. L L 1 L L L
ik [ 1 2 3 4 s s 7 ; ¥
X posifion {m)
g“. |
i ot i
g #  Reiwence
o b
g‘”' L L . L A
[] 0 E x « = &
Time (s}
)
E
£
gn-
k]
& L
" 0 @ xn © = ]
Time [o]
] | |
= =
o -
g il ]
§as -
= =4
[T
e T Moo Fri
o P
| | e
" = ® " " "
Tima |3}

41



2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin

Luis A. Mateos

42



Senseable Cities

Carlo Ratti -

2019 International Conference on Geospatial Information Science

Spatially Enabled Society with Al and Digital Twin

a
€
S
=]

="
=
=1
(i3
o
=
o
=
=
a
g
o
k]
.m
<]
e
=
i
<}

69% (35399 out of 51131)

43



2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin

44



2019 International Conference on Geospatial Information Science Carlo Ratti -~ Senseable Cities
Spatially Enabled Society with Al and Digital Twin

45



2019 International Conference on Geospatial Information Science Carlo Ratti -~ Senseable Cities
Spatially Enabled Society with Al and Digital Twin




2019 International Conference on Geospatial Information Science Carlo Ratti -~ Senseable Cities
Spatially Enabled Society with Al and Digital Twin

Goear ot
Ocean Austratia [y oy Soun - . Australia
L L
Ocwan Oeamn o
foo
e Jr—

g = | ----oo : — ~3

47



2019 International Conference on Geospatial Information Science Carlo Ratti --- Senseable Cities
Spatially Enabled Society with Al and Digital Twin

removal chain today/yesterday...
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removal chain resilience...
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environmental justice...
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TOXIC WASTES AND RACE

In The United States

A National Report on the Racial and Socio-Economie
Characteristics of Communities
with Hazardous Waste Sites
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100 m ©2010 Googlel! Imagery ©2010 DigitalGlobe, GeoEye, U.S. Geological Survey, USDA Farm Service Agency, Map data ©2010 Google - Terms of Use [k niie

Fa.5a () Fwd: S . s and Milton landfill? — Inbox

Date: Julyr 19, 2010 11 2? 21 AM EDT

To: Yin-Jen Wang <yinjwang @mit.edu>
Subject: FW' w0 & s 0 and Milton landfill?

Angela,

I have no idea what you are referring to. Our gravel facility located at
does not accept paper, aluminum cans, plastics or

e-wastes. | do not know of a land fill that was located near our

facility. No garbages or waste dumping were accepted at any time at our

facility. We are permitted to accept concrete, asphalt, clean fill,

topsoil, sod, stumps and brush.

Recycle Manager

-—-Original Message-—-—

From: Angela Wang [mailto:yinjwang @mit.edu]
Sent: Saturday, July 17, 2010 3:00 PM

To: - - -

Subject: Inc. and Milton landfill?

My name is Angela, emailing on behalf of the SENSEable City Lab, a
research group from Massachusetts Institute of Technology. We are
currently research on the trash track and destination from Seattle
(http:/senseable.mit.eduftrashtrack/

) and we would like to ask you some questions that we encountered
related to your company. Your information will be very helpful to our
research and thank you in advance in patiently reading this email.

We found some of our trashes (mostly common recyclables(paper, aluminum
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2019 International Conference on Geospatial Information Science (Public Innovation for inclusive growth)

Spatially Enabled Society with Al and Digital Twin

Smart Partnerships

(Public Innovation for inclusive growth)

Debra Lam

Debra.lam@georgiatech.edu
The Georgia Ingtitute of Technology

Abstract

Whether measured by expected market valuation, speed of technological change, or potential
of data collection and analytics, smart cities development has become a vital area of growth for
governments, the public and corporations a like. However, the development has been misunderstood,
overpromised, and produced unintended consequences like widen inequality.

Deeper didogue and more action are required to ensure that al communities can regp the benefits
of technology and data. This talk will explore how public innovation with multisector engagement
can empower communities to better address critical development challenges and evolving needs
of their citizens. Technology and data are not the panacea, but they are part of a broader toolkit
that alows governments to innovate, while providing a role for more actors to engage and be
part of the solution.
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Rapid urbanization growth

4000

3.479.06

Number of people living in urban areas in millions

1950 1970 1990 2015 2030° 2050°

w8 Africa == Asia - Europe =@ Latin America and Caribbean &« Northern America = Oceania

Source Addtional Information:
UN DESA Waorldwide; 1950-2018
0 Statista 2019

Global poverty reduction
® Number of people iving in extreme poverty  # Number of people not in extreme poverty

7065
million

0
1820 1840 1860 1880 1900 1020 1940 1960 1980 2000 2015

Source: Our World in Data; extreme poverty defined as living on less than $1.90/day in 2015 dollars
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How big data can meaningfully support urban design and planning

Bige Tuncer
bige tuncer@sutd.edu.sg
Singapore University of Technology and Design

Abstract

Technology is more than ever available for providing designers with real-time data and
information about many aspects of our environment, with the potential of being used in design
processes to improve our built environment. Our goal is to take advantage of new and abundant
forms of data, sensing technologies, and possibilities for interaction among people, communities
and their physical environments. In this context, we ask ourselves “Can we integrate big data,
user preferences, and designer knowledge for urban design and planning support?’

We use technology to foster evidence based design, and trandate the rich and varied information
sources to design support means. The research challenge lies in finding out which behavioral
hypotheses can be drawn from specific urban data sets and their combination, and understanding
the relationship of these hypotheses with spatial and organizational aspects of urban spaces.

This talk will present and discuss the focus on multi-source, multi-time and multi-scale data
collection, analysis, and information visualization within design and decision support platforms
for improving the livability of neighborhoods and cities.
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How big data can meaningfully support
urban design and-planning

Bige Tuncer

As'sociate Professor and Associate*Head of Pillar
Architecture and Sustainable Design
Singapore University of Téchinology and Design

8 AuBUst 2019

LABORATORY %E=

_ITEI(FCL)-FUTURE *
= CIFIES i

Designers switch between various scales

Designers frame and solve various problems consecutively, simultaneously

Providing designers with
multi-source
multi-scale
multi-time

information, or evidence

an important contribution of big data to design support

S
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EVIDENCE BASED DESIGN SUPPORT

The research challenge:

Which behavioral hypotheses can be drawn from specific urban data sets and
their combination?

What is the relationship of these hypotheses with spatial and organizational
aspects of urban spaces?

Can we integrate big data, user preferences, and designer knowledge for urban
design and planning support?

SiiEl
INFORMED DESIGN LAB @ SUTD & FCL
Multi-disciplinary group consisting of architects, software engineers, data
scientists, also collaborating with social scientists
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EXPLORING
ART PRODUCTION
AND CONSUMPTION
THROUGH SOCIAL MEDIA

b S

HOW DO SOCIAL MEDIA
AFFECT ART?

Can we develop tools and methodologies
for responsive cultural city planning?

SOCIAL MEDIA DATA

* How can we describe Hybrid Art Venues?

* What kind of aesthetic results from the mix of art and
social media

* How effective are current cultural planning pra

MAPPING ART LOCATIONS

* How can we define and map art venues through SM?
* Which types of an.

RESPONSIVE CULTURAL PLANNING

* What information from social media is useful?
* How can it be implemented in deci
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NATIONAL SCIENCE EXPERIMENT

with Nils Ole Trappenhauer, Francisco Benita, Francisco Scandola, &
Garvit Bansal, Darshan Virupaksha, Sarah Nadiawanti

90,629 students | 265 sc .é)ols

w

SINGAPORE'S
NVATIONAL SCIENCE EXPERINENT
2015-2017
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LIVEABLE PLACES:

INFORMED DESIGN FOR
ADAPTIVE PUBLIC SPACE

with Hexu Xin, Linlin You
Co-Is: Chong Heng Hua, Yuen Chau, Mihye Cho, Shili Xiang, Li Xiaoli

y

Combination of “big”
and “small®,
qualitative and
quantitative data

Climate and
environmental data,
wrban analysis and

mapping

A deep understanding of use and usage patterns of
pedestrian public spaces in a dense urban
environment

Density based
clustering, multi-
dimension and multi-
measure analysis

With the purpose of developing design support for
adaptive designs

Experimental methodology
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LIVEABLE PLACES:
INFORMED DESIGN FOR ADAPTIVE PUBLIC SPACE

Coarse population-level human flow patterns
Workshops Perceived place characteristics / qualities

Space usage frequency / timestamps

Public / semi-public spaces of interest
Interviews  J Fine mobility patterns in certain areas

Usage activities

- Demographic composition of users
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Data Information 20 Maps ArciMap

Visualizations 3D Models
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LIVEABLE PUBLIC SPACES - SURVEY SAMPLE QUESTIONS
3a) Which are the MOST important spaces to you in Yuhua Springs? Pleas pick the most applicable.
3b) Which are the LEAST important spaces to you in Yuhua Springs? Pleas cross the most applicable.

Total sample size: 610

wowstace

SitiE)
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VISIT POTENTIAL
MODEL
(VPM™)

with Pieter Hertogs, Peijun He,
in collaboration with Marcus Schlaepfer, Marco Cinelli
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Can we predict
the liveliness of public spaces
in new designs?

(L) FUTURE Ll
CmEs

SWTE ™ G &

The Visit Potential Model

estimates the potential presence
of people in public spaces,

and the effect of urban design quality
on this potential.
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f=1 visit per month f= 2 visits per month f= 3 visits per month

From a universal law of movement
to evidence-informed
public space design

Normalised influx, g, (v) (km® month)
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Demonstrating how
morphology, land-use,
and public space qualities
influence where people go

§3bhaorr Fi

fFEL) FUTLRE n:-.
Cmes )

SOME LIMITATIONS

Data collected may not represent all users of spaces

Evidence and insights derived shed light on only a subset of design parameters
that are important for design

Data privacy concerns

S
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SOME CONCLUSIONS

Deep understanding of both real and perceived utilization and appreciation of
existing public spaces

Starting to relate these to physical attributes of places

Developing the methodology and technical infrastructure for this

Ongoing work

S
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Understanding Tourists' Image of Seoul with Geotagged Photos using
Convolutional Neural Networks (CNN)

Youngok Kang
Professor, Ewha Womans University

Abstract

Today people prefer to share the posts such as texts, images, and videos via Socia Network
Services (SNS) with others without regard to time and location. Moreover, the geo-tagged photos
uploaded on the site by tourists display the perception and the action of tourists as well as the
images that tourists feel about the sightseeing attractions. As the images of touristic sites are closdly
associated with the tourists attraction and intention, they serve as a reference for other tourists
who seek to travel to those sites. In addition, as the touristic images on SNS can be continually
produced and reproduced, we are able to ascertain the perceptions and the trends of representative
sightseeing elements and locations by analyzing the images uploaded on SNS.

This study aims to track down representative images and elements of sightseeing attractions
by analyzing the photos uploaded on Flickr by Seoul tourists with the image mining technique.
For this purpose, we crawled the photos uploaded on Flickr and classified users into residents
and tourists; drew 11 RoA (Region of Attractions) in Seoul by analyzing the spatial density of
the photos; classified the photos into 1000 categories and then 14 categories by grouping 1,000
categories by utilizing Inception V3 model; analyzed the characteristics of the photo image by RoA.
Key findings of this study are that tourists are interested in old paaces, historica monuments,
stores, food, etc. and those key elements are distinguished from the major sightseeing attractions
in Seoul. This study is meaningful in three folds. Firdt, it tries to analyze urban image through
the photos posted on SNS by tourists. Second, it uses degp learning technique to analyze the photos.
Third, it classifies and analyzes the whole photos posted by Seoul tourists while most of other
researches focus on only specific objects. However, this study has a limitation because the Inception
v3 modd which has been used in this research is a pre-trained mode cregted by training the ImageNet
data. In future research, it is necessary to classify photo categories according to the purpose of
tourism and retrain the model by creating new training data set focusing on elements of Korea
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l. Introduction

© SNS (Social Network Service)
» People prefer to share the posts via SNS
* enables people communicate, share information, network among users

* Flickr : share geotagged photos
@‘9

© Bxample of crawled Flickr data
OwnerlD  Latinde Longitude Lo o e Tags Tites
84592082 758417 1260056 201%?81—1 7 Taipsi, htq:s;:"fﬁrrnsﬁ?igdld«.c [sony. uira] F'easebe

@NOE Tahwvan

% Ewha Womans University
) @5 Spatial Information Lab.

I © Example of Flickr (user ID : 84692082@N05)

84692082@N05

201510131707 |

201510141019

201510141235
,_

zﬁii’s’ﬁﬁ'm

201510161306

®ee ©

@

(6) [201607131144
@) (Zoieoriaiesa)
301607131756

(9) (20607150921

n— B 'omans University
L5 p\lnl Information Lab.
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l. Introduction

© Photos uploaded on SNS by tourists

display the perception and the action of tourists

display the image of sightseeing attractions by tourists

serve as a reference for other tourists who seek to travel to those sites

continually produce and reproduce touristic images.

% Ewha Womans University
5% Spatial Information Lab.

l. Introduction

© Analysis of geotagged photos
* Previous studies which have utilized geotagged data on SNS have mostly analyzed
- RoA (Region of Attraction)
- patterns of user movement
- texts included in the photos
* Recently, analyzing the photos on SNS have been increasing due to development of

image data mining technique.

© Image data mining
» the process of extracting information or knowledge from image data
+ with the increase in the volume of image data as well as the improvement of training
algorithm, image data mining using artificial neural networks have been applied to

various fields such as medicine, environmental studies, information science, and

computer graphics

w‘i‘a Ewha Womans University
&% Spatial Information Lab.
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l. Introduction

© Convolutional Neural Network(CNN)

» one of artificial neural networks has been developed base on neurological knowledge
surrounding the visual cortex of humans and animals.
* in image data mining research, it has become a trend to make use of it

» effective in distinguishing and categorizing the photo images

© Winning algorithm’s classification error rate © Top 5 ermror
20%
- . AexNet ™S @ OverFeat
: 5 "= Clarifai
§ N : VGG19
: E e
[ !-. pi s >
: o IE 5% i L Gmg!_eNel 4 .
. _ " ResNet152 @ Inception-v3
— %o ) Inception-vd|
- = 2% T T >
l . HE - 2011 2012 2013 2014 2015 2016 ‘

Year

Ewha Womans University
Spalial Information Lab.
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l. Introduction
© Convolutional Neural Network(CNN)

+ basically composed of three layers such as a convolutional layer, a pooling layer, and a

fully connected layer.

» users can produce a variety of models by changing the CNN structures & retrain the
CNN model

RN
= | \ e
Ny

Convolution Pooling  Convolution Pooling Fully-connected

A Examples of a CNN structure (https:/fwww.ibm.com, http://www ayasdicom)

@3 Ewha Womans University
&

Spalial Information Lab.
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l. Introduction

© Goal of this research :
Understand tourists’ urban images with geotagged photos using CNN

© Contents of research

crawled the photos uploaded on Flickr

classified users into residents and tourists

drew 11 RoA in Seoul by analyzing the spatial density of the photos
classified the photos into 1000 categories and 14 categories using Inception v3 Model
analyzed the characteristics of the image by RoA

performed accuracy test by comparing results of Inception v3 model & manual labelling

@ % Ewha Womans University
&% Spatial Information Lab.

Jm———

© Research Flow

- Seoul in 2015-2017
- 86,304 images
uploaded by 1,974 users in Flickr

+ Users whe uploaded in Flickr
are classified into
tourists and residents of Seoul

- 11 regions of attraction are selected
based on the points of the images
photographed by tourists

Il. Data Collection and research method

Data collection

¥

—

Tourists/Residents
Classification

Image data collection
and pre-processing

- Download images in BMP file type using url
- Resize images to 299*299

¥

¥

Extract RoA

‘ Image data mining

l Images in Seoul l

l Images in RoA ‘

- Using Inception v3 model

- Categorize images into 1,000 categories
(Categorize by Top-1-accuracy)

- Generate 14 categories

¥

4| Analyze Image of Seoul ‘
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- Allocate 1,000 categories fo 14 categories
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Il. Data Collection and research method

1. Data collection

used open AP provided by Flickr

method : flickr.photos.search / flickrphoto.getinfo
* temporal range : January 1, 2015 ~ December 31, 2017

spatial range : latitude of 37.4°~37.8", longitude of 126.8" ~ 127.2

No. Owner 1D Latitude | Longitude 'I_'nal:: Owner Location Picture URL Picture

2018-01-10 Seaul, Korea, https:/farm staticflickr. com/936/30067 i }

T | 15419854@N05 | 36.643333 | 127431666 | 1 ga506 | Republic of 473458_d5a371d967.ipg H
2018-01-07 Cambridg, https:/farm5.staticflickr.com/4751/3968

2 HI0RRENIE 3736754 | 127008776 PM 6:12:07 Cambridgeshire 6286244 _288c113767 jpg :
2018-01-09 https:/farm5 staticflickr. com/4606/2818 .

3 | esssisoa@Nos | 37205922 | 127.001802 | oS- 4426800_fbef170556 jpg ia
2018-01-08 Bangkok, hitps /farm5.staticflickr.com/4718/3867 i

| Mdac0IeEN0s | CILATIE | M2BREMBIA ) e iens Thailand 3594872_b9862aa18 jpg “

Ewha Womans University
Spatial Information Lab.

Il. Data Collection and research method

1. Data collection

© Distribution of collected data
: 86,291 photos
1 1,974 users

Ewha Womans University
vatial Information Lab.

b
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Il. Data Collection and research method

2. Tourists / residents classification

» |If the time difference between the first photo and the last photo posted by a user in

Seoul is more than a certain threshold, it is classified as a resident, otherwise it is

classified as a tourist

* In order to derive the optimal threshold, the model is evaluated through the data
containing owner location information
- among 1,974 users, 868 were valid

- develop confusion matrix and evaluate accuracy ratio

- . Vv+Rr
Accuracy ratio = —— — x 100
Vv+Vr+Rr+Ry
Vi Number of actual tounsts classified as tounists,  Vr: Number of actual tounsts classified as residents

Re: Mumber of actual residents classified as tourists, Rr: Number of actual residents classified as residents

- 30day threshold was the highest with the accuracy of 88.979%

7day: 85.452%, 10day : 85.693%, 15day: 85.795%, 30day : 88.979%, 40day : 88.748%, 60day : 88.665%

r_fg%‘}' Ewha Womans University
&% Spatial Information Lab.
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Il. Data Collection and research method

2. Tourists [ residents classification

© Tourists / residents classification based on 30 day threshold

Corfusion mistr: based on valid deta (person) Chssiiction esubs of whoke colbcted data

Resuits of cassification #of photo #ofusers

S Mts 59 140 | 659 ) Restits of 30,157 47147 1476 498
o N m_ | o 0 R woms | pove | poo | pec
fotal 617 251 am A 85,304 photos 1974 people

<distribution of to f&%a Ewha Womans University

@5 Spatial Information Lab.
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3. Extraction of RoA (Region of Attraction)
» DBSCAN (Density Based Spatial Clustering of Application with Noise} algorithm has been used
to extract RoA

- Density based clustering algorithm to identify clusters in a dataset containing noise and outliers

- requires two parameters to form a dense region: £ (eps) and the minimum number of points

- minimum # of points of 350 & minimum search radius of 250m were set after experimenting
various combination

MinPts =4

- °
o5 o

ey o otV

® °

® ..: o™ 9 ° °.: L L] g:unor;
° ° o Cluster

.:".t ® ". .:- ".. . ':. @ Cluster 3

®e o ®e o ® MNoise

<DBSCAN clustering>

3 Ewha Womans University
5% Spatial Information Lab.

Il. Data Collection and research method
3. Extraction of RoA (Region of Attraction)

© 11 RoA from the 39,157 Flickr data

'+ Iongno:Namsan:
Sinchon: Hongdae

The War Memonial
of Korea ltacwon

Yeouidé

< Apgujeong
National Misewn A NSRS
Garosugil

of Korea

Jamsil

Cingnam

Ewha Womans University
16 Spatial Information Lab.
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Il. Data Collection and research method

4, Image data mining technique : Inception v3 Model
* one of various CNN models, for the photo data mining

» pre-trained model with ImageNet's data set, which comprises of 14,197,122 images

divided into 1,000 categories.
* In case of categorizing images with the Inception v3 model, the model generates the

category name that most resembles with the input image among 1000 categories and its

accuracy value,

IMSGENT

vha Womans University
Spatial Information Lab.

Il. Data Collection and research method

4. Image data mining technique : Inception v3 Model

© Examples of data categories of ImageNet

caanar_\r Examples of secondary categories
i tench, Tinca tinca/ goldfish, Carassius auratu'_s,‘ great white shark, white shar|_<, great white shark, white shark, mar-eater,
man-eating shark, Carcharodon carcharias/ etc
animal tiger cal/ Persian cal/ leopard, Panthera pardus/ etc
appliance espresso maker] desktop computer/ home theater, home theatre/ ete
bird cock/ hen/ ostrich, Struthio camelus/ ete
covering manhole cover/ book jacket, dust cover, dust jacket, dust wrapper/ lens cap, lens cover/etc
device cash machine, cash dispenser, automated teller machine, automatic teller machine, automated teller, automatic teller, ATM/
cassette player/ CD player/ etc
fabric academic gown, academic robe, judge's robe/ kimono/ apron/ ete
fish eft/ conch/ jellyfish/ etc
flower cauliflower/ daisy/ hip, rose hip, rosehip/ etc
food guacamole/hot pot, hotpot/ pretzelf etc
fruit strawberry/ lemon/ banana/ etc
fumiture barber chair/ folding chair/ studic couch, day bedf etc
?:aff&z:l geyser/ lakeside, lakeshore/ seashore, coast, seacoast, sea-coastf etc

ﬂ""a\ Ewha Womans University
% Spatial Information Lab.
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orint(*{0}: {1:

: B8. 29, crinoline
+ 6. 44%0r | degroce

1 5.61%

¢ 3.94x poke bonnet
: 3.56%0

9

2f}x" . format (class_nases[i], 100

Il. Data Collection and research method

4. Image data mining technique : Inception v3 Model

> Example of photo classification using inception v3 model

B

i - In [34]: class_names[most _|ikely_class_index]
In [108)  class_names(nost_|ikely_class_index]
0 hooosiirt; crinalinalr® grocery store, grocery, food market, market®r
In [3]: top§ = np.argoartition{predictions_val [0], -5)[-5:]
In [0} top5 = no.argoartiticnloredictions val [0], -5)[-5 =
top§ = reversed(top_Slnp.argsort (predict ions, uallll] [teo81))) [';': ? gy o top_5no.argsort (predict ons.val 0] [teo_51)1)
for | in teo,

print ({0}

: 55.96¥store, grocery, food sarket. sarket

¢ 16.66xnt, eating house, eating place, eatery
¢ 14.48xshop, meat market

¢ 2.60% bakeshoo. bakehouse

L Y - |

« predictions_val [0 [i])) {1:.2f}x"  format (class_names[|],

Jm———

Il. Data Collection and research method

5. Generating 14 new categories

* (Generate 14 new categories for tourism purpose
- refered the categories of major activities on the “survey of the current state of
foreign tourists” conducted by the Korea Tourism Organization in 2017

Primary Categories

Examples of Secondary Categories

food

Understanding Tourists' Image of Seoul with
Geotagged Photos using Convolutional Neural Networks

« predictions_val (01 [11))

&f;q Ewha Womans University
RS Spaltial Information Lab.

bakery, bakeshop, bakehouse/ coffee mug/ restaurant, eating house, eating place, eatery, etc.

entertainment

beer bottlef horizontal bar/ wine bottle, ete.

barbershop/ cinema, movie theatre, movie house, picture palace/ confectionery, confectionery, candy

Sopping store, efc.
transportation ambulance/ bicycle-built-for-two, tandem bicycle, tandem/ canoe, ete.
cityscape cab, hack, taxi, taxicab/ spotlight, spot{ volcano
facilities beacon, lighthouse, beacon light, Pharas/greenhouse, nursery, glasshouse/ fountain, ete.
residence mabile home, manufactured home/ prison, prison house

natural views/
flora and fauna

trench, Tinca tinca/ goldfish, Carassius auratus/ lakeside, lakeshore, etc.

historical monuments/
cultural properties

people ballplayer, baseball player/ groom, bridegroom/ scuba diver
religion altar/ church, church building/ stupa, tope

clothing gown/ kimonof neck brace, ete.

palace/

abacus/ bell cole, bell cotf palace, elc.

objects/miscellaneous

accordion, piano accordion, squeeze box/ ashcan, trash can, garbage can, wastebin, ash bin, ash bin,
ashbin/ candle, taper, wax light, ete.

exhibits/sculptures

balloon/ pedestal, plinth, footstall/ totem pole, ete.

20
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lll. Results of Analysis

1. Image of Seoul

© categories with a proportion of 1% or above

* As a result of classification of
the 38,691 photos, we were
able to produce 858 of 1,000
categories.

» the tourists’ perception of

Seoul in which owns palaces,

food, buildings, and facilities

palace
(1357 3.5%)

(6% 1.6%)

prison
(427 1.1%)

Representative Tmage (number of mnages/proportion. within primary. category)
bell cote [ I '

plate
(TN 240%) (752 1.57%)

restaurant tovshop
(672 1.7%) (ﬁ36v' Lé%)

mowie theater

605/ 1.6%)

pier L
(432 1.1%) (431 L.1%) (428/ 1.1%)

waffic lig
(406 Lira)

MONASECTY
(394 1L(FG)

21
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lll. Results of Analysis

1. Image of Seoul

Number of | Proportion

bl Photos (%)

palaces/historical
monuments/cultural 6,627 171
properties

objects/miscellanecus 6,211 16.1
Tood 5,899 15.2
facilities 5,607 14.5
natural vfn::rs'iﬂora and 3149 a1
shopping 2,316 6.0
clothing 2,273 59
transportation 2,204 5.7
urbanscape 1.469 38
exhibits/sculptures 1.452 38
religion 502 1.3
residence 465 4
entertainment 296 0.8
people 221 0.6
Tolal 38,691 100.0

© Tourists are generally interested in
palaces, historical monuments, cultural
properties, objects, food, facilities,
natural views, and flora and fauna

]
%]

> Top 5 and corresponding subcategories

Cateponies (quantity) | Representative [mage (number of images/proportion within primary. categony )
bell cowe | patio, terrace
(M 1200%)

(5167 7.5%)

pataceshistoncal
MOREenLs’

cultural propenies
(6627)
pot, floswerpot
{151 24%)
objects/
mscellaneous

5211}

(432 7.7

facilities
(5.607)

deside | v
(598 19.00%)

natural vicws'
flora and fauna
(3,145
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lll. Results of Analysis

RoA

2. Comparison of image by RoA

Namson
(295

(Quawtin)

Representative Inoges (QuantityProportion within RoA)

il roal”
R 21

patiiomce
0 19

restuarnt I Tot

ot
(08 26 (607 262 (49 19

mlitary uniform | memorial
(40 4005 33

National
Mhescum of
Korea

957)

(547 5.6%)

st
(260 300

memonal (ablel

w vomans University
Spatial Information Lab.

)

lll. Results of Analysis

2. Comparison of image by RoA

Sudion
(744)

¥ eoundy

438

Carosegil
[RALY]

Apgna congt
{806)

CaRoia
(T 200

SIRCCICT
(6 195
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lll. Results of Analysis

2. Comparison of image by RoA

War Memorial of Korea

PalacafMisicr nonuments/cultural properiies

Yeouido
s National Museum of Karea

Samsung Station. —
Bongeunsa Temple, J_amb“ ”"“

Coex Mall

. Bipiversity
tial Information Lab.

lll. Results of Analysis

3. Accuracy assessment

* |n order to evaluate the accuracy of the classification results of the Inception v3 model,
we conducted manual labeling for 38,691 photos.

= |f the classification result of the Inception v3 model matches the results of manual
labeling, the photo is correctly classified and given “True”, otherwise “False.
- the highest matching categories : 'plate’, 'tile roof’, 'restaurant’, ‘hot pot’

- the lowest matching categories : 'monastery’, 'prison’, 'bell cote', and 'movie theater'.

% Ewha Womans University
&

Spatial Information Lab.
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lll. Results of Analysis
3. Accuracy assessment
(> Accuracy ratio by categories based on Inception v3 model and manual labeling
Predicted Categories Total True False Accuracy(%)
palace 1357 1070 287 78.85
bell cote, bell cot 791 25 766 3.16
plate 752 750 2 99.73
restaurant, eating house, eating place, eatery 672 450 222 66.96
toyshop 636 201 435 31.60
grocery store, grocery, food market, market 628 317 n 50.48
cinema, movie thea_ser,_ .rnw.ie thgatrg, movie house, 605 37 568 6.12
picture palace 25 i
lakeside, lakeshore 598 168 430 28.0%
patio, terrace 516 140 376 2713
cab, hack, taxi, taxicab 501 84 417 16,77
tile roof 496 415 81 83.67
hot pot, hotpot 434 290 144 66.82
pier 432 216 216 50.00
menu 431 134 297 31.09
stage 428 185 243 43.22
prison, prison house 427 16 411 3.75
traffic light, traffic signal, stoplight 406 139 267 3424
monastery 394 a2 392 0.51
Total 38,691 10,807 27,884 2793

Youngok Kang --- Understanding Tourists' Image of Seoul with
Geotagged Photos using Convolutional Neural Networks
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lll. Results of Analysis

3. Accuracy assessment

© palace : 78.85%

A True cases

A False cases

122
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lll. Results of Analysis

3. Accuracy assessment

© prison, prison house: 3.75%

A False cases
@@, Ewha Womans University

Spalial Information Lab.

IV. Conclusion

© Significance of research
» analyze urban image with the geotagged photos posted on the SNS by tourists
» use deep learning technique to analyze the photos
+ classify and analyze the whole photos posted by tourists while most researches focus on

only specific objects.

© Limitation

» Inception v3 model which has been used in this research is a pre-trained model created
by training the ImageNet data.

» |t was not possible to accurately categorize certain iconic landmarks of Korea

* The photos related to palaces and Hanok villages were scattered in the categories such

as 'Palace’, 'bell cote' and 'terrace’.

Ewha Womans University
Spalial Information Lab.
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IV. Conclusion

© Future research

= create training dataset and retrain the model based on the photos posted by Seoul
tourists

* develop image categories suitable for the purpose of tourism

f&%a Ewha Womans University
@5 Spatial Information Lab.

Thank youl

Youngok Kang : ykang@ewha.ac.kr

f&%a Ewha Womans University
@5 Spatial Information Lab.
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in Al Applications

Use Cases of Geospatial Information in Al Applications

Hyeonkyu Lee
Prof, Korea Institute of Science and Technology

Abstract

As the Al-First era approaches, interaction and relative / absolute spatial information as
information for understanding the context become the most important information in Al
applications. In particular, spatial information plays an important role in making more sophisticated
decisions about real-time response by understanding the situation in rea time with time

information. This presentation explains how spatial information is used in Al applications via
use cases.
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KAIST imtmmsmie

Use Cases of Spatial

Information in Al
Applications

Hyeonkyu Lee
KAIST Smart Energy Al Research Center

Use cases of spatial information

= Location Information
» Targeted recommendation on current location, destination, and stops.

= Spatial and Temporal Analysis Information
« Intelligent Video Surveillance: Objects, Behaviors, Rovers, Actions
» Aviation, Drone, and Satellite Video / Image
« Smart City: Traffic, Smart Mobility

= Mapping for Movement
* Absolute Position
« Relative Position

= Shopping and Delivery
* Amazon GO
» Inventory Management
* Delivery Management

129



2019 International Conference on Geospatial Information Science
Spatially Enabled Society with Al and Digital Twin

Smart Home - Google

Hyeonkyu Lee

-~ Use Cases of Geospatial Information

in Al Applications

Roomba, iRobot
« Mapping: iAdapt 3.0 (Visual SLAM)
* Naming: Imprint Smart Mapping

Google and iRobot Partnership
* iRobot

» Building a home map using Roomba

» Voice control of Roomba with Google
Assistant

» Google
» Provides easy Smart Home configuration
and control by using home map created
by Roomba

Google Fuchsia (Smart Home
0S)

Building 10,000 houses at
Mountain View area

Source: Big Tech in the Smart Home, CB Insights (2018)

(;0\ ‘-8]6

New Operating System - Fuchsia

Smart Building

.

Maximizes Comfort, Wellness, and Efficiency

= Amazon-backed ecobee detects occupancy
and cools or heats rooms accordingly

Sensors might track the movement of an elderly
member to detect changes in behavior

= GreenMe'’s Cubes small enough to be placed
on individual desks
Measures parameters from lighting and temperature to

air quality, noise level, and light flickering.

Feeds into a building monitoring and control system
for consensus on heating and cooling norms.

« Workers can monitor how cold or warm they like their

workplaces.

= Comfy (Acquired by Siemens, 2018)

Installs sensors and IoT devices in buildings so that
occupants can adjust temperature and lighting.

Source : Big Tech in the Smart Home, CB Insights (2018)
14 Trends Shaping Tech, CB Insights (2019)

Everyone's favorite
workplace app

|
e —
=
s
= -
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Smart Shopping - Amazon Go

in Al Applications

= No Checkout (Just Walk Out) Store (with Cameras)
+ Track customer movement
» Pulling / Returning Products on the Shelf

= Amazon Go Shopping

i b Amazon Go App Launch (Generate QR code for
entrance)

2 QR code recognition at gate (QR code recognition as
much as fellows)

Get products: Pick up products from the shelf
Return products: put products back on any shelf
Just walk out

el S

Amazon Go app receives the receipt after 5 minutes

= Problems

» The movement of products in a non-shelf space is not
checked

= Limits of capacity for camera tracking
+ Stock replenishment is not automated
« Refund without return confirmation

= 7 am to 9 pm (due to staffs)

Before KIVA: After KIVA:
People go for products Products come to people

= # of KIVAs in Amazon Warehouses

-

KIVA Systems.

60000 | i _
40000
o
20000 | r'l
5 P -. A
2013 2014 2015 2016

Source: Industry 4.0 Wat's the matters? EY
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Robot Delivery - Dispatch

= Dispatch (Researchers of MIT & U. Penn)

* Autonomous Delivery Robot with Computer Vision and Machine
Learning (2014)

* Plans to build a platform for autonomous delivery robots with a fee
* Campus as a Testbed: Dynamic env. with bicycles, skateboards, and
pedestrians
= Carry: Autonomous Delivery Robot
« Deliver parcels and / or foods via sidewalks and campus

* For last-mile delivery
» Reduced shipping cost compared to drones
» Reducing concerns about privacy issues

Source: NIA Al Plus Series (2017)

Last-mile delivery gets automated

Last-mile delivery may be the first place where we
see fully autonomous fleets deployed.

= Kroger partnered with self-driving
startup Nuro, 2018

* to deliver groceries from its Fry's Food Stores
to residents in Scottsdale, Arizona

= Ford and Domino’s partnership, 2018

» Customers would order food and have Ford
Fusion hybrids deliver it.

Source: 14 Trends Shaping Tech, CB Insights (2019)
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Smart Farm - Blue River Technology

= Blue River Technology
« Developed an alternative to chemical-intensive agriculture in 2011
« Innovation Endeavors (Established by Eric Schmidt) invested $10M

= Al-based Weed Removal Robot
* Lettuce Bot : Identify weeds and selectively remove unwanted plants

» Remove weeds and plants harmful to crop growth

» Spread herbicide on weeds not on soil or crops = Reduce the use of chemicals by 90%
« Identifies 5,000 plants/min, increases farm yield by 10%.

» Lettuce Bot: 10% of the US-produced lettuce

Source: NIA Al Plus Series (2017), http://www bluerivertechnology.com/ 9

Satellite Image Analysis — Orbital Insight

= Orbital Insight
Established in 2013 by James Crawford (Built NASA's intelligent system, Tech Director of Google Books)
= Forecasting service that analyzes images taken by satellites and unmanned aerial vehicles using deep learning
= Major Customers: Non-profit organizations and US government agencies

» Partnership with the World Bank to better identify poverty-stricken areas in 2015

= Economic / Industrial Forecasting based on Spatial Information
= Forecasting Economic / Social Trend: Cars, roads, airplanes, lakes, farmlands, buildings, oil tanks, etc.
= Forecasting Oil Price: Changes in the surroundings of oil tanks of major oil-producing countries captured by satellites
+ Economic trends in the retail sector: # of cars, type of vehicles, and parking time (satellite images of 60 large US malls)

» Predicting Chinese Construction Industry Status: # of construction works, site area, speed of constructions, and progresses
(for each major construction site in China)

+ Calculating China’'s Unpublished Petroleum Supply and Storage Capacity: Satellite Image Analysis on Storage Facilities

Source: NIA Al Plus Series (2017), https://orbitalinsight.com 10
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Monitoring & Inspection

in Al Applications

= Public
= Missing person search
+ Security / disaster prevention

= Traffic situation analysis

= Facility Management
+ Detection of external cracks in overpasses, bridges, railways, etc.
» Inspection and maintenance of facilities such as power transmission towers and drilling towers
+ Prediction of flooding and collapse risk around hydroelectric power plants

« Safety inspection of outer wall condition of nuclear power plant and analysis of cooling water
environmental impact

+ Solar power plant and wind turbine facility condition check and maintenance

» Tunnel and Sewer Detection of hazardous materials inside the underground space and safety
inspection of structures

+ Safety inspection and maintenance of vents inside large buildings

—
-3

Predictive Maintenance

= Use Drones to Inspect Managing Assets
 Reduces Time-spent and Risks caused by Manual Operations

= Use Deep Learning
« Defect Detection Automation
* Error Forecasting without Interrupting Operations

Image footprint

. UAS front
pointed this
way
.... . e
Camera
pointed down
- ~ (nadir)

Source: How to Inspect Solar Farms with Drones, Nikhil (2017)

UAS flying
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Video Surveillance - Behaviors

in Al Applications

= Suspicious Behaviors

= Remote Motion Recognition

= 3-pixel man
= Limb tracking = Blob tracking

= 300-pixel man

= Spatio-Temporal Analysis

SeqQUances extraction Codebook
= .

: - ®

Feature extraction and description | Learnin
Ropresent each
Input video Feature Form sequence asabag  Leama model for

of video words _ anch clags

=

C‘Iaa;t__' ®|' > -"_ 1 cln?'n ]

¥
_;u.e-.".___.{}_..

Source : Spatial-Temporal Bag of Word, Niebles, 2006

Feature extraction and description Recognition
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in Al Applications

Video Surveillance - Events

= The ability to quickly
identify and respond to
problems is essential to
keeping the event safe
and cautious.

Monitoring key areas

Send IVA
Informatioin |
to 10C

Provides intelligent response to issues
identified in IVA

Source : IBM's Intelligent Video Analytics & IBM Intelligent Public Safety, IBM i

Thank You!!!

hyeonkyulee@kaist.ac.kr

KAIST S
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Monitoring Land Use and Land
Cover Change using Geospatial A.l.

August 8t", 2019

Kihwan Seo

Why do we need to monitor changes in land use and
land cover?

# Information about land use and land cover changes is important and essential for many
applications such as resources (i.e., water, soil, forest, and so on) management, disaster
management, planning activities, conservation, and sustainable growth.

» Time series land use & land cover data can be used for predicting future land use and
more.

=ZUSGS  Understanding Risk ey

= = e

Natural Hazard -"» Vulnerable System
Potential Catastrophic " k.

4G )

P

' Disaster;
\ .

Exposure. Sensitivity

« Pogutation

Ability, Resowses

-—
KRIHS (g i
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Conventional approach to obtain land use & land
cover data

» Remote Sensin o
. g Spaceborne “ . Space Shuttle
v’ Satellite Satellite : =7
. tical Sensor/SAR |
v A|rpiane Op b?OU-WOkml 185-575km'y
v Drone (UAV) Airborne Acrial Photography S
1.2-3.5km 10-12km

» Field Survey AcrhlTckamion

B Sy ep R OEe S

Ground
w -Dased

1088 2001 : 2014
LuLC - '
B vater I vegorstion :
¥ e x L 008 2 3 4
— gareamvio-Lang [l Complax Landscapes a8 2 e

’ hy Institute for
KRIHS (g i

Monitoring land use & land cover change in Korea

» Ministry of Land, Infrastructure
and Transportation (MOLIT)

v' National Geographic
Information Institute (NGII)
produces and disseminates
land use maps

v’ Using aerial photo (screen
digitizing) and field survey

T8 91, RXPOHE Sl 2010
Figure 9-1. Land Use, 2010

v' Conventional image processing
is labor-intensive and time-
consuming

» In 2002, land use mapping was
suspended due to the
recommendation of the Board
of Audit and Inspection of Korea.

v" Redundant investment issue
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Monitoring land use & land cover change in Korea

» Ministry of Environment (MOE)
v’ Produce and disseminate land cover maps

* Class: 7 .

Class: 22 * Class: 41
* Coverage: Korean Peninsula * Coverage: South Korea * Coverage: South Korea
* Update: every 10 year * Update: partly * Update: none
* Source: Landsat 7 ETM+ + Source: IRS-1C, 1D, SPOT-5, * Source: Aerial photo, KOMPSAT 2
+ Time series: KOMPSAT 2, Aerial photo + Time series: 2019 (now updating)
1989/1999/2009 + Time series: 2004/2007

/2019(now updating)

Human Settlements

KRIHS ""

What is Geospatial Artificial Intelligence (GeoAl)

» “Geospatial Artificial Intelligence (GeoAl) is an emerging scientific discipline that
combines innovations in spatial science, artificial intelligence methods in
machine learning (e.g., deep learning), data mining, and high-performance
computing to extract knowledge from spatial big data.” (VoPham et al, 2018)

» GeoAl is unlocking many possibilities that were not possible before.

Spatial
Big Data

MACHINE
LEARNING

DEEP

LEARNING

DA A
“}‘“

Artificial

Intelligence

2000's 2010's

1960°s

1950°s 1970°s 1980's 1990's

Korea Research Institute for
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Trend & Applications in GeoAl

» Microsoft & ESRI teamed up for “Al for
Earth Project” in 2017.

v' Microsoft provided a deep learning
framework (Cognitive Toolkit) on
Azure (MS cloud service).

v" ArcGIS Pro is installed in the GeoAl
Data Science Virtual Machine (GeoAl
DSVM).

v" ArcGIS Pro + Azure + Deep learning
framework — GeoAl DSVM

v' Chesapeake Conservancy provided
aerial imageries.

KRIHS (g i

Trend & Applications in GeoAl

» To date, Al for Earth program awards the grants to support 393 projects with 63
countries.

v' MS invests $50 million over the next four years to fund Al development across five key areas —
agriculture, biodiversity, conservation, climate change, and water.

Data Build Train Deploy 200M '
mages, 20TB
@@esri it ; ; Land cover mapping for the whole of US in
' H O -
dHaE | i | 10+ minutes
T S
4 Geo Al Data Azure Machine 1L
.! Science Virtual ' Learning ' ‘
- Machine ! E
NAIP Data r___g Bh
s 5 2 :
[ ' Azure Batch Al “
® s | i

Source: Lucas Joppa. 2018. Microsoft blog
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Trend & Applications in GeoAl

» RoadTracer: Automatic Extraction of Road Network from Aerial Images (Bastani et al,
2018)

v’ |terative graph construction method using CNN-guided search returned lower error rate
with capturing 45% more junctions than segmentation approach.

v’ Split dataset into a training set with 25 cities and a test set with 15 other cities.

Decision: —

Decision: ]

|_-.|t.'.nv'a|-.|

MW hEE D

Decision: l

=

Exploring a T intersection in the search process

s}

KRIHS F’ s
Trend & Applications in GeoAl

» Statistics Korea

v’ Since 2012, paddy field inventory
using remote sensing lksan-si

> Classification Accuracy

Sangju-si
v In 2017, pilot project using ' '
RapidEye imagery and deep QEeunicy R7.0% S
learning technique

RapidEye imagery Digitizing Deep Learning
» Data ;
v’ RapidEye Imagery
v Training dataset 2013 ~2015
v Test set 2017

» Classification methods
v’ Support Vector Machine
v' Random Forest

v U- net (Deep Learning) —
Highest accuracy
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Trend & Applications in GeoAl

» Other applications

v' Damage detection (e.g., road crack,
pothole, damaged building, etc)

v" Automated D3 building modeling and
change detection

and many more....

v" Mostly CNN-based semantic
segmentation models were used.

Satellite Imagery Building Prediction

]
3
z
=4
o

2 T

& 3

=
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&
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&
<

w+a
. i 3 W 3o Do
Doshi et al. 2018. From Satellite Imagery to Disaster Insights Corner, A. et al. 2016. Detection of Urban Damage Using Deep Neural Networks with Images Captured

using RS and Machine Learning Algorithms Through & Smartphone

Pilot Study in Korea:

Residential building extraction using aerial orthophoto and deep learning model

» Purpose: reduce time and cost updating land cover maps.
v’ Study area: City of Daejeon where various residential buildings are built.
v’ Data: aerial orthophoto / 25cm spatial resolution / 2016 imageries
v Reference data: building vector data from Integrated building information system by

MOLIT
Producer National Geographic
Information Institute (NGII)
Year 2016
Spatial resolution 25cm
Spectral resolution RGB band
Radiometric resolution 8 bit
Data type Geo TIFF
Area 2300 X 2880 m / Scene
Location City of Daejeon
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Pilot Study in Korea:

» Deep learning work flow

KRIHS ""

Residential building extraction using aerial orthophoto and deep learning model

Define Problems

Korea Research Institute for
Human Settlements

» Typical shape and type of
residential building in Daejeon

' ul e

Cement Mixed s‘tyle2

Pilot Study in Korea:

Residential building extraction using aerial orthophoto and deep learning model

Solar panel

Select Data Select Model
v
Dataset
,--*|  Training Model ‘\
= 7 — s
= . tunning
] T i - .
% = ommemses » Validating Model
hﬁ"‘-_,__h v
-------- + Model evaluation Steps .
Input ----- -
13
KRIHS ‘ o it ottt

» Issues in aerial orthophoto

11 .

(c) Solar panel

(d) Shaded by neighboring

building

14
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Pilot Study in Korea:

Residential building extraction using aerial orthophoto and deep learning model

» Labeling procedure
v’ Tool for labeling: ArcGIS 10.1

Labeling Procedure

Image input

}

Vectorize building
boundry

Error correction

l

Vector to Raster

15

P
KRIHS (g i

Pilot Study in Korea:

Residential building extraction using aerial orthophoto and deep learning model

» Labeling for datasets
v’ 1 set of data = image & label
v’ Pixel size : 0.25m/pixel
v" Ground size of a dataset : 64m x 64m (256 x 256 pixel)

64m(256X256 pix) : i 64m(256X256 pix) |
1 r

(xid 9szx95Z)wtrg

Label
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Pilot Study in Korea:

Residential building extraction using aerial orthophoto and deep learning model

» Labeling and # of datasets
v’ Using sliding window : 32m from left to right
v" Number of datasets : 32,400 sets (1,620 sets / scene)

64m

e

—
KRIHS (g i

Pilot Study in Korea:

Residential building extraction using aerial orthophoto and deep learning model

» Deep learning model candidates : Deep Unet / Deeplab V3+

o output image
] : g2 BleT 2l a1 & 3 Br
£ gl £| & gl M IRIEIE R
HHUUE e S B DEHE IR
il miwiwt T s s L
* plus
" Gk k" il N E a = Max Pool 2x2,2x2
| B w» Relu
DownBlock UpBlock m SoftMax

m UpSample
Deep Unet detailed structure and annotation

Source: Li et all. 2017. DeepUNet: A Deep Fully Convolutional Network for Pixel-level Sea-Land Segmentation

18
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Pilot Study in Korea:
Residential building extraction using aerial orthophoto and deep learning model

» Ratio of dataset for test, validation, and training

Dataset # of dataset Ratio
| Testset | 374 1.2% | » Hyperparameter tunning
Vaildation set 1,505 5.0% [ [
! ; : { Contents Value
Training set 28,221 93.8% [
i : { Batch Size 11
Total 30,100 100.0% [
! - I Epoch 10,000
Momentum 0.9
~ Average time for each model Learning rate 0.1
Average time Deep U-net DeeplLab V3+
1 Epoch 180 second 1900 second
150 Epoch 8 hours 80 hours
KRIHS ’ sk bt

Pilot Study in Korea:
Residential building extraction using aerial orthophoto and deep learning model

» Types of error

IMAGE

Ground
Truth

IMAGE Ground Truth

Deep
Unet

Deep UNet Deep Lab
Deep

Lab
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Pilot Study in Korea:

» Validation set results

(b) Ground truth

Residential building extraction using aerial orthophoto and deep learning model

KRIHS

(c) Deep UNet (d) DeeplLab V3+

(a) Image
Deep UNet Deeplab V3+
Precision 0.7716 (77.2%) 0.3387 (33.9%)
Recall 0.7795 (78.0%) 0.7690 (76.9%)
Accuracy 0.9796 (98.0%) 0.9652 (96.5%)

Pilot Study in Korea:

> Test set results

. (é).lmage

truth

Residential building extraction using aerial orthophoto and deep learning model

KRIHS

(c) Deep UNet (d) Binary image
Residential building Other building
Precision 0.1809 (18.1%) 0.0306 (3.1%)
Recall 0.2689 (26.9%) 0.1327 (13.3%)
Accuracy 0.7609 (76.1%) 0.8913 (89.1%)
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Challenges of GeoAl in Korea

~ Significant computational resources and optimized Al algorithms are
required for fast processing speed and classification accuracy

» Lack of adequate geospatial big data (e.g., time-series areal photo and
satellite imagery that covers entire south Korea)

v’ Lack of varying temporal resolution
v’ Regional variation of spatial data

» Human challenges

v’ People using and developing a GeoAl need to have knowledge in data
science, deep learning, and geography.

v" Most of all, they should be able to collaborate with experts from other
areas.

KRIHS @

Thank You!
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