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How can data visualization address
uncertainty?

1. Context and rationale for the socio-technical
system to be a supportive resource to mitigate
uncertainty

2. ICity project as a case study example

» User centred process to develop @
visualization taxonomy

« Application and prototype testing
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The human mind is incredibly averse to uncertainty and ambiguity, In order to address the
uncertainty and increasing complexity of urban life and navigate the social and experiential
aspects of urban systems individuals have integrated social technological systems into their

daily routines.

Image: Saul Gravy/Getty, goo.gl/CVEKZL




These technologies, such as mobile phones and social media, interact with or contain
sensors, WiFi and blue tooth networks, receiving and transmitting significant amounts of
data which will only compound in the Digital Future.

These data, which require analysis and provenance tell stories about cities.

Image: Saul Gravy/Getty, goo.gl/CVEKZL



“We are withessing a rapidly evolving
landscape in the Business Intelligence
market, and interesfing innovations in areas
such as behavioral and predictive analyfics.

Overall, we can say that ‘Big Data’ is in the
midst of a tfransition to ‘Complex Data,’ and
that means visualization will play an
increasingly key role in fransforming all this
information into actionable insights.”

Tiago Veloso, from visualoop

Tiago Veloso (https://twitter.com/TSSVeloso) from Visualoop (http://visualoop.com/)



Conceptualizing smart cities

The unprecedented rate of urban
growth creates an urgency to finding
smarter ways to manage the
accompanying challenges.

Recent practices to make cities better
for living have become successful
cases for new city development
strategies.

Conceptualizing Smart City with Dimensions of Technology, People, and Institutions, Taewoo Nam & Theresa
A. Pardo Center for Technology in Government, University at Albany, State University of New York, U.S.,
{tnam,tpardo}@ctg.albany.edu



Smart City Project

LIVE SINGAPORE
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LIVE Singapore!

real-time talk

singapore's mobile phone penetration
is above 140%, many own more than
one device. how do we make use of
the island’s cellphone network via
voice calls and text messages? how
can this inform us about the usage of
urban space In real-time? find out by
looking at this map, where height
{logarithmic scale) and color intensity
{linear scale) indicate the level of
celiphone network usage.

data sourcee  SingTel
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Smart City Project

BARCELONA
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iCity as a Case St

ICity is a collaboration between academic researchers, industry partners, city
fransportation and planning departments in Toronto to set out conditions for
an interactive interface as a democratic resource for individuals and groups
to highlight their needs /wants /values, and parficipate in strategic planning
opportunities.



The ICity urban ’rronspor’r project focuses on ’rhe developmen’r of data
analytics transportation and transit planning tools

Image: iCity Visualization, ESRI cityengine, Michael Carnevalle




A

AT iICity we develop decision support tools combining social media
and mobile data with GIS, demographic, socio-economic and
transit data
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[u] Image: iCity Visualization; ESRI cityengine, Betaville, Marcus Gordon , Carnevalle, Manpreet Juneja



Materialize Understand

DESIGN
PROCESS

Explore

The design process adopted to study comparative methodologies
and prototype frameworks for visualization interface.




iICity approach & process

 Literature Review
« Comparative Methodology in Urban
Transportation

Understand * EXxpert Interviews

Image: Design Process, iCity process phases, Manpreet Juneja
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Taxonomy

YA systematic arrangement of objects or
concepts showing the relations between
them especially one including a

hierarchical arrangement of types”
(Webster Online Dictionary, 2006.)

Eg: L/brary, arrangement of books

Walas 2 sl SpSers

Image: Design Process, iCity process phases, Manpreet Juneja



Key Findings

Literature Review: Key elements of Taxonnomy in visualizations

Decide

Synthesize

Level of
‘ Engagement

Analyze
Involve

Expose
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Data Type

« Interaction . / Spatial

Abstract

Image: Design Process, iCity process phases, Manpreet Juneja



Key Findings
Comparative Methodology: A survey of landscape to understand the types of
software that exist and the functions already being served.

Software Application Categories: Use Domains

Image: Comparative Methodology, iCity process phases, Manpreet Juneja, Marcus Gordon, Jeremy Bowes



Taxonomy Sketch showing essentials aspects of
visualizations

Decide
Synthesize
Data Type
Level of \
‘ Engagement » « Interaction » / Spatial
Abstract
Analyze
Involve
Expose
Use v

Domains

[u] Image: Design Process, iCity process phases, Manpreet Juneja



iICity approach & process

« Use Case Survey
« Use Case Mapping
« Design Charrette, Priority mapping

Explore
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Use Case survey

User Type

Gender, Age, Nationality,
Occupation

Application Scenario
Description of Tasks
Preconditions

Technology

Software, Environments and
Frameworks

Assets

Formats, Functions

Task interaction

How are you using this software/
tool?

Data Visualization

What is the visualization functionality
of this software/ tool?
Improvements

How could the software/ tool be
changed to support the required
taskse

>0
o0

Carl Skelton, Jeremy Bowes

URBAN INFORMATICS USE CASE PROFILE

Date: January 30th, 20

User Type Gender: |/ Age: Nationality: Canad

Application Scenario

Description of Tasks

Exploration of geodata & 30 model

t A and graphics
preparation of formal document and slide presentation

Preconditions

Technology Software A/ cG

Environments & Frameworks |

Assets
Formats

Functions 5/

Task Interaction How are you using this software / tool?

Data Visualization = What is the visualization functionality of this software / tool?

S| |mage: Use Case Surveys, iCity process phases, Manpreet Juneja,

Improvements How could the software / tool be changed to support the required tasks?

Case Number: (

Occupation: Architect




Use Case Mapping Template

USERS TASKS DATA
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Image: Use Case Mapping - Users, Tasks and Data, Manpreet Juneja, iCity Team




Use Case Mapping

Selected Integrated Use Domain Example

USERS TASKS DATA

GreenP /Livehoods /Paramics
SKETCHUP /REVIT BIM/3DS MAX  Eivlere behavioural dats, and

navigation of Neighbourhood pattegné
Planning; 3D madeling, BIM input, ) N

Urbanf 'CIt‘.f Planners, Architects, animation, rendering, simulation Nodes & pedestzan _r-t_'n_'-r__ _I'”‘). Mobile GIS Data Feed
Engineers, Real Estate+ Community . S NN . 4.(
Planners ILUTE

agent (person, business)-based micro-sipulation

. . multi years {over the course of erar si:.f_narll:-] Road Network, TTC Routes, Census
Transportation Planners, Engineers, 7.

. . . . : Data, Vehicle Statistics, Parkin
Municipal Planning, TTC Transit ! L A . .
. . : e . Data, Transit Data
Operations, Signal + Infrastructure 1 ______-—v.‘@-.___
Plannin Ye BY E/ . Audio, Video, Tabular data, Markup
g — T Explore 3 through int data
g L'II(ZL(ZTI_.-J[._rl_|__'(2rl=_'ldf" WETVIEWS,
DESlgﬂEfS Artists, Business Enawr modelling, nadigation, visualization, searchf & .c"'t'-H':[.dl fhrawser, visualiation
exploration, analysis (geometrical), simulation, dashboard, visualization slide shows . Maps, GPS coordinates
Tech. + Engineers, Operation “'mm:"':,"u"'lj'tff_'f, "”'UJRLL"":’;":" (chat, — @< N
Planning S —G00GLE MAPS . 3d Models, Tabular Data,
P o satellite imagery "'lf:""": pnaps, 360® Markup data
- panoramic views.of stfeets [Street
BlA's, Citizens .{ View}, rélte planging for traveling by CITY GML

foot, car, bieycle (ir ], or public
transportation.

ocap
UNIVERSITY

[u] Image: Use Case Mapping, iCity process phases, Manpreet Juneja, Jeremy Bowes



Design Charretite

Test Taxonomy Sketch
Establish priorities to build interface prototypes

Image: Charrette Images, iCity process phases, iCity Team



iICity approach & process

» User-Centred Taxonomy for Urban
Transportation Applications
« Applications and Visualization

Materialize Prot o’ryp es
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User centred Taxonomy for
Urban Transportation Applications

User engagement goals Visualization components
2 c 2 - § Data Type
© > o c -
E o 527 £vs, % 5 Abstract (a) / Spatial (s) (input<—> Output)
8 e o g% B EE 285 = a<—>s a<-—->a $<—>a S<-->S
@ EEU'%EEF"“&:’G;EE . Navigati Na/N
] 8 5 3 35 8% g 59¢c g 58 Data (Da/Ds) | Visual (ValVs) avigation (Na/Ns)
il ul_ = ] = Da<-->Ds Da<-->Da Va<->Ds Va<-->Da Na<-->Ds Na<-->Da
U Context for User Engagement Ds<-->Da Ds<-->Ds Vs<-->Da Vs<-->Ds Ns<-->Da Ns<-->Ds
Sors Da<-->Vs Da<-->Va Va<—->Vs Va<-->Va Na<-->Vs Na<->Va
Engagements | Tasks Ds<-->Va Ds<-->Vs Vs<—->Va Vs<-->Vs Ns<-->Va Ns<—->Vs
Researcher Da<—->Ns Da<—>Na Va<—>Ns Va<-->Na Na<-->Ns Na<—->Na
Hardware/ (ngh Level Ds<—->Na Ds<-->Ns Vs<—>Na Vs<-->Ns Ns<->Na Ns<—>Ns
Software vendor Engagement) Context for Interactive Controls in Visualizations
Designer, .
' High Level
Planner, Decide ( Qj‘ )
Operator (Deriving decisions) [ share, distribute. publish | Feedback Representation Interaction
Decision-maker/ Synthesize derive, simulate, Intent Intent
proponent ; ;
Politician (Testing hypothesis) ‘ ‘ _
o Depict, Differentiate, | Select, Explore,
Rg‘a'-elstate Analyze explore, compare, Identify, Show Reconfigure, Encode,
Adeve O{Jer (Finding Trends) encode, infer, outliers, Compare Elaborate, Filter,
cnﬁiﬁe e Connect, Simulation,
Surveyor Author comment, querry, Authoring, Modelling
Statistician (Adding content) upload ; :
Engineer ol — T Representation Interaction
! nvolve navigation, way finding, Techniaue Technigue
Business user (Interacting) search, locate, 9 9
E't'ze”/’es'de”t games, etc Charts, Graphs, Selection, Brushing,
Fae : - Networks, Treemaps,| Dynamic query, Pan/
Tenant Expose information display p BSRERCR i
Guest/tourist (viewing) Parallel Coordinates
Driver - (Low Level
Pedgstrlan Engagement) -
Cyclist (Low Level)

oc |k
Siersiry
u

Image: Based on Pike (2009), Mahyar (2015) and Sorger (2015)iCity process phases, Taxonomy, iCity Team




Application and
Visualization Prototypes



1. Geo-visualization analytic tools:

Complete Streetfs Research Software : Betaville, City Engine

/ / Street furniture

2d Data
™~
3d Data visua?ilz)ation \ Road width
adjustments
Comment/Query

Visualization Prototype for Complete-Street interface

ocap
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[u] Image: iCity process phases, iCity Team



We are developing a realistic virtual model of city of Toronto
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[u] Image: iCity Waterfront Model, Esri CityEngine, Michael Carnevale, iCity Team



The model includes existing transportation routes, topography, built and
natural environment within the city

ocap
UNIVERSITY

[u] Image: iCity Waterfront Model, Esri CityEngine, Michael Carnevale, iCity Team



The model includes existing transportation routes, topography, built and
natural environment within the city

[u] Image: iCity Waterfront Model, Esri CityEngine, Michael Carnevale, iCity Team
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Image: iCity Waterfront Model, Esri CityEngine, Michael Carnevale, iCity Team



2. User-Stories and Data Analysis

Software -Story Facets, ESRI, IBM Watson Analytics, IBM Cognos

/ 2d Data
.

I 3d Data

/>

3d Maps  2d Maps

Data Analysis

|
Story-boarding

VidembStraCt data

Images Visualizations

Visualization Prototype for Data Analysis interface

ocap
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[u] Image: iCity User Stories, iCity Team



Toronto

objects

proposals

locations

stats

magfoto
Study Move Data

StudentMOVE Gender

©OCAD_Frequency_Mode_Bike
StudentMOVE Age

OCAD_ Frequency_Mode_ Local Transit
Police Regions
OCAD_Frequency_Mode Regional Transit

Building Locations

Buliding Waterfrant OCAD_Frequency_Mode_Rideshare

tts Planning Districts requency, Mode O

OCAD_Frequency_Mode_Do Not Travel
transitregions_small

transitregions
(TTS) x (Travel Time) x
(University)
Trans_Mode_to_OCAD
Trans_Mode_to_UofT
Trans_Mode_to_Ryerson
Trans_Mode_to_York
(Time) x (Mode) UofT
(Time) x (Mode) OCAD
(Time) x (Mode) Ryerson
(Time) x (Mode) York
{(Frequency) x (Mode) UofT
(Frequency) x (Mode) Ryerson

(Frequency) x (Mode) York

BikeWays
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1000

>'|
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Image: iCity Geo-visualization using Betaville, 2d Analysis using StoryFacets; Davidson Zheng, Michael Carnevale, iCity Team



20161 - — — -
Edit Sdect Loyer Graph Shapes Sewch Scrpts Window Help

5 meamevale_edu (Education an

Sidewslt_Plant
Sidenalk_Tree.1
Sidewalk Tree 1

WGS 1984 UTM Zone 17N (EPSG3261) Free Memory:  3MSINE] © 12951[MB]

Travel modes and times to UofT Building development height restrictions by zone

3d infographics overlay on 3d Map of the City of Toronto
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[u] Image: iCity Esri CityEngine, and Betaville Model; Michael Carnevale, iCity Team



Number
of Households

1
20 201-300

101-200
0 - 100 \

Integrated Data Analysis and

Geo-visualization Mapping

Image: iCity Analytics; Michael Carnevale, Carl Skelton, Marcus Gordon, iCity Team



iCity as a Case Study Next Steps

Developing and Testing further working-prototypes
with selected users to meet their priorities as outlined.

Validation of Taxonomy with expert users and citizens,
to broaden it's application.

Creation of integrated dashboards, that collect and
allow analysis of real — time data, to provide
enhanced decision support.



INn this way users of the systems
can help designers, In
identitying requirements, and
address fundamental maftters
of quality, equity, and social
values, with perspectives
rooted In the experience of
urban systems to mitigate
uncertainty
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