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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 a 
visualization taxonomy

• Application and prototype testing

How can data visualization address 
uncertainty? 
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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.

Context and Rationale 
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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. 



“We are witnessing a rapidly evolving 
landscape in the Business Intelligence 
market, and interesting innovations in areas 
such as behavioral and predictive analytics. 

Overall, we can say that ‘Big Data’ is in the 
midst of a transition to ‘Complex Data,’ and 
that means visualization will play an 
increasingly key role in transforming 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







Smart City Project
BARCELONA



Occupancy Map: line intensity and height indicate 
occupational patterns



Time-Occupancy Map: line height indicate amount of time 
spent in each GPS coordinate
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iCity is a collaboration between academic researchers, industry partners, city 
transportation 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 participate in strategic planning 
opportunities.

iCity as a Case Study



The iCity urban transport project focuses on the development of data 
analytics transportation and transit planning tools

Image: iCity Visualization, ESRI cityengine, Michael Carnevalle



At iCity we develop decision support tools combining social media 
and mobile data with GIS, demographic, socio-economic and 
transit data

Image: iCity Visualization; ESRI cityengine, Betaville, Marcus Gordon , Carnevalle, Manpreet Juneja



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

DESIGN 
PROCESS

Understand

Explore

Materialize



Understand

• Literature Review
• Comparative Methodology in Urban 

Transportation
• Expert Interviews

Image: Design Process, iCity process phases, Manpreet Juneja

iCity approach & process
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Taxonomy

“A systematic arrangement of objects or 
concepts showing the relations between 
them especially one including a 
hierarchical arrangement of types” 
(Webster Online Dictionary, 2006.)

Eg: Library, arrangement of books
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Key Findings
Literature Review: Key elements of Taxonnomy in visualizations

Users Tasks
Data Type

Level of
Engagement

Decide

Synthesize

Analyze

Involve

Expose

Abstract
SpatialInteraction

1 2 3



Transportation
Traffic Movement

Parking 
Management

Infrastructure 
Management
Signal & Transit 

Operations
Sustainability
Resilient Cities

Urban Design:
Built 

Environment 
Neighborhood 

Planning
Complete Streets

Entertainment 
& Games

Interactive & 
Location Based 

Games
Mixed  Reality

Data Analysis
Intelligent Predictive 

Analysis
Simulation

Land Use
Agent-based 

Micro-
simulation

Mapping
Cartography

Geo-Visualization

User Stories,
Narratives 
Navigation

Route Mapping
User Generated 

Data
Social Media Use

Software Application Categories: Use Domains

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

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

Data Type
Level of

Engagement

Decide

Synthesize

Analyze
Involve

Expose

Abstract
SpatialInteraction

1 2 3

Taxonomy Sketch showing essentials aspects of 
visualizations

Use 
Domains

4



Explore

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

iCity approach & process



Use Case survey

Image: Use Case Surveys, iCity process phases, Manpreet Juneja, 
Carl Skelton, Jeremy Bowes

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 
tasks?



Researcher

Pedestrians

Government

Private Data

Open Source

Private Data

USERS DATATASKS

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

Use Case Mapping Template



TASKS

Use Case Mapping

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

Selected Integrated Use Domain Example



Design Charrette

Image: Charrette Images, iCity process phases, iCity Team

Test Taxonomy Sketch
Establish priorities to build interface prototypes



Materialize

• User-Centred Taxonomy for Urban 
Transportation Applications

• Applications and Visualization 
Prototypes

iCity approach & process



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

User centred Taxonomy for 
Urban Transportation Applications



Application and 
Visualization Prototypes 



Visualization Prototype for Complete-Street interface

1. Geo-visualization analytic tools:
Complete Streets Research Software : Betaville, City Engine

Image: iCity process phases, iCity Team

3D 
visualization

Infographic
Overlay

Plan/ Elevations/
Isometric/ Axonometric 
views

Survey 
Capability

Comment/Query

Street Sections
2d Data

3d Data

Street furniture

Road width 
adjustments

Navigation/ 
Flythrough



Image: iCity Waterfront Model, Esri CityEngine, Michael Carnevale, iCity Team

We are developing a realistic virtual model of city of Toronto



Image: iCity Waterfront Model, Esri CityEngine, Michael Carnevale, iCity Team

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



Image: iCity Waterfront Model, Esri CityEngine, Michael Carnevale, iCity Team

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



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

Image: iCity User Stories, iCity Team

Narratives Data Analysis Geo-Spatial Visualization

Infographic overlay
2d Data

3d Data

3d Maps 2d Maps
Story-boarding

Videos
Images

Abstract data 
visualizations 

Comment/Query

Real Time display

Visualization Prototype for Data Analysis interface



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



Registered parking availability by type and 
location

Building development height restrictions by zoneTravel modes and times to UofT

Image: iCity Esri CityEngine, and Betaville Model; Michael Carnevale, iCity Team

3d infographics overlay on 3d Map of the City of Toronto



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

Integrated Data Analysis and Geo-visualization Mapping



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. 

iCity as a Case Study Next Steps



In this way users of the systems 
can help designers, In 

identifying requirements, and 
address fundamental matters 
of  quality, equity, and social 

values,  with perspectives 
rooted in the experience of 
urban systems to mitigate 

uncertainty
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Questions ?
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