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KMDI – Knowledge Media Design Institute, Faculty of Information, University of Toronto 
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Geospatial Collections at the UofT Digital 

Map Library and the Ontario Scholars 

GeoPortal that support Smart Cities 

Research 



Fast and affordable tools can enable Real 

Time Visualization and Projective Modeling 

that allows people to see for themselves 

 

 

 

 

 

 

 

 

Steinitz, Ervin, Hoinkes, Wright, Bohus, Danahy, Bishop, Allsopp, Greenberg, Stirling 



Centre for Landscape Research – Real-time 4D data driven and analytical interactive City models 



Centre for Landscape Research – Canadian Centre for Architecture – 4D data driven timeline 3D interactive City model of Montreal 1700s – 1800s 



Centre for Landscape Research – Canadian Centre for Architecture – 4D data driven timeline 3D interactive City model of Montreal 1700s – 1800s 



Ottawa National Symbols Views Control and Economic Capacity Negotiations         CLR-UofT, DTAH, NCC, 1990-2000 

Ottawa National Capital  Views Real-time Evaluation and Change Model 



GEOIDE NCE 

Identifying vulnerable locations to target Toronto’s Green 
Standard to mitigate urban heat island effects through 
green roofs or cash in lieu to improve the unban forest  

Combining Remote sensed temperature with 3D built form to study urban heat island issues  - CLR GEOIDE NCE 



Combining Remote sensed temperature with 3D built form to study urban heat island issues   
CLR GEOIDE NCE 

• To most of us, that apparence or realism is 
conveyed primarily by visual representations: 



Centre for Landscape Research – GEOIDE NCE – Combined model of 3D City, 
with heat island data and lidar tree canopy 



Centre for Landscape Research – City of Toronto – 3D model of Garrison 
Creek underground infrastructure with 3D VR model. 



The overall problem with this phenomenon in Canadian cities is that 

the livable pre automobile streetcar landscape of the large 19th 

Century cities is at capacity. 



Urbanity is a new phenomenon in most Canadian cities.  

 

For instance, only thirty years ago it was against the law to 

have an outdoor café in Toronto, there were no sidewalk 

amenities or trees on Metropolitan roads  



Today, many people have discovered positive aspects of urban living  



and a reverse migration is fostering lifestyles that minimize the need for 

a car. 



Jan Gehl’s analysis of the shift in the role of the public realm street from a 
place of necessary work activity to a place for freedom of choice activities 
and urban social  life. 



David Hulchanski, Cities Centre, UofT 



 However, gentrification and cost have supplanted the original high 

quality immigrant staging neighbourhoods that are inherently walkable 

and have the highest possibilities for urbanity.  



David Hulchanski, Cities Centre, UofT 



Paul Hess, Cities Centre, UofT 

Walkability Poor in the affordable Post war 
Suburbs + little or no Transit 



3. Is this a clash of ethics? The Provincial assumption is that their policy 

will force denser development to make transit more affordable. Until 

transit is equitably distributed in all neighbourhoods, gentrification based 

on travel times may displace affordable neighbourhoods again. 

David Hulchanski, Cities Centre, UofT 



access grid -  student  review with NZ – Hoinkes, Danahy, Lindquist 

at CLR we have been exploring 

the possibilities, inventing 

software & testing in  

real world practice 



CLR Community Workshops – Toronto Rail 
Lands and Waterfront Friends of Fort York 
and Context Developments 









Now, a new future is supported by the 
Province and the City 

The Citizens’ Lakeview Legacy Project becomes 
endorsed by all levels of government and 
proceeds as Inspiration Lakeview 



The Citizens’ Lakeview Legacy Project becomes endorsed by all levels of government and 
proceeds as Inspiration Lakeview following the City of Mississauga’s Strategic Plan Pillars (above) 



Issue: How to retrofit the automobile 

scaled post WWII Canadian Cities as 

Smart Sustainable Cities? 



Lakeview Legacy Vision Plan sought to restructure the infrastructure and livability of this Post WWII brownfield post industr ial community as a smart eco 

community. The plan was developed over a two year period by the Lakeview Ratepayers Association with support from the CLR-UofT 



Lakeview Legacy Vision Plan – A Citizen’s Plan empowered by collaboration with the University 

Lakeview Ratepayers Association // Centre for Landscape Research, University of Toronto 



On October 6 and December 2,3,4, we had very passionate idea 

exchanges during public engagement – Inspiration Lakeview 



Visualizing the follow-up professional plan in the Citizen’s Base Model for comparison and negotiation. Professional model (Urban Strategies) 

was a 15 foot long physical process model but lacked detailed digital metrics and context. Centre for Landscape Research, UofT 



Centre for Landscape Research, University of Toronto, Graduate MLA, March and MUD students developed alternative strategies with 

sustainability metrics and indicators. 



Yuda Ho – MLA Thesis - Centre for Landscape Research, University of Toronto, 

alternative strategies with sustainability metrics and indicators 



Yuda Ho – MLA Thesis - Centre for Landscape Research, University of Toronto 

strategies for examining sustainable lifestyle factors and site considerations 



Wei Pang – MLA Thesis - Centre for Landscape Research, University of Toronto 

strategies for examining sustainable urban hydrology and constructed wetlands for tertiary waste treatment 



Wei Pang – MLA Thesis - Centre for Landscape Research, UofT - strategies for examining sustainable urban hydrology 



Wei Pang – MLA Thesis - Centre for Landscape Research, UofT - Metrics for examining sustainable urban hydrology 



Wei Pang – MLA Thesis - Centre for Landscape Research, UofT - Metrics for examining sustainable urban hydrology 



 MAP 4 

Medium & Small Blue Moves 

Urban Strategies Inc’s Inspiration Lakeview Plan for sustainable urban hydrology 



 MAP 4 

Medium & Small Blue Moves 



a proposed way that KMDI and Cities Centre at UofT could collaborate on 

smart cities research 







Stirling, &Co 



The goal of the GEOIDE TSII#201 project 

Connecting  

urban design and 
performance 
models  

in a visual 
environment for 
decision making in 
urban sustainability 

 

Smart Cities Research at University of Toronto 



Integrated Decision Support for 
Sustainable Communities 

October 5, 2010  
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Steve Easterbrook 

Dept of Computer Science, UofT   
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Bryan Karney, Dept of Civil Engineering, UofT 

Eric Miller,  Director, Cities Centre, Prof, Dept of Civil Engineering, UofT 

Gerald Penn, Dept of Computer Science, UofT 

Konstantinos N (Kostas) Plataniotis, Dept of ECE,  UofT 
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Project Team 

 RESEARCH INVESTIGATORS 
 
• Eric Miller, UofT 
• Stephen Sheppard, UBC 
• John Danahy, UofT 
• Jeff Cassello, UofWaterloo 
• Reob Feick, UofWaterloo 
• Ron Kellet, UBC 
• Chris Kennedy, UofT 
• Ted Kesik, UofT 
• Stephane Roche, Laval 
• Rob Wright, UofT 
• Kathryn Grond, UofT 
• Jacob Mitchel, UofT, DTAH 
• Eugene Mohareb, UofT 

 
 

RESEARCH PARTNERS 
 
• ESRI Canada,  
• ESRI Redlands, Bill Miller 
• Toronto Regional Conservation 

Authority 
• Waterfront Toronto 
• City of Richmond 
• City of Surrey 
• Dutoit Alsopp Hillier 
• Halsall Associates 
• Autodesk Canada 

Smart Cities Research at University of Toronto 



Research Overview 



Research Themes 
 Data Integration and Management:  

 Handling very large datasets, containing disparate sources and types of 
data;   

 Privacy and Security:  
 Protecting the privacy of all citizens in data that capture increasingly 

more detail about everyday activities, while making that data accessible 
for research and analysis;  

 Modeling and Simulation:  
 Designing and testing optimal methods for visualizing complex spatial, 

temporal, socio-economic patterns for research and decision-making 
purposes; 

 Visualization:  
 Creation of collaborative and immersive visualizations for decision 

making for government, private sector and communities; 

 Decision Support and Public Engagement:  
 Participatory design, social networking, and interactive engagement of 

decision makers at all levels. 

Smart Cities Research at University of Toronto 



Partners 
 

Universities  
 
• University of Toronto 

• University of Waterloo 

• Ontario Institute of 
Technology 

 
 
Research Programs: 
 
• NSERC Business 

Intelligence Network 
 
 

Public Sector   

• Independent 

Electricity System 

Operator (IESO) 

• Ontario Power 

Authority  

• Toronto District 

School Board 

• Ontario Centres of 

Excellence 

• Sue Sault Marie 

Innovation Centre 

• Neptis Foundation 

 

 

 

Private Sector 

• IBM Canada 

• Zerofootprint 

• Palomino  

• Archestra 

• Parallel Worlds 

Government 

• City of Toronto 

• Office of the Information 

and Privacy 

Commissioner of Ontario 

• National Sciences and 

Engineering Research 

Council of Canada 

(NSERC) 
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Smarter Planet: Smart Cities 
 Municipal decision-making must be informed by 

strategic plans, watershed plans, official plans, district 
plans, business improvement plans, heritage strategies, 
zoning plans, special study plans, urban design 
guidelines, design review panels  

 These are communicated in a multitude of ways 
including maps, physical and digital models 

 Integration of data across scale and scope including 
location, geographic and planning data is necessary to 
support decision-makers 

 Cities have complex networks of stakeholders to engage 
in decision-making, each with their own perspectives, 
needs and language 
 

Smart Cities Research at University of Toronto 



Spatial – Temporal Representation of the Physical World 
(buildings, transport networks, etc.) 

Market Interactions 

(demand, supply, prices) 

Individual Agents’ Actions 

(travel, demographics, etc.) 

Macro Processes 

(regional economy, …) 

Technology Performance 

(energy, road congestion, etc. 

Typology of Models 

Smart Cities Research at University of Toronto – Eric Miller 



Transportation systems models 

Smart Cities Research at University of Toronto – Eric Miller 



Auto Emissions by location and time of 
day 

Link-based running emissions 

by time of day 

Zone-based soak 

emissions by time of day 

Source: Hatzopoulou, 2008. 



Pollution exposure by location & time of day 

Source: Hatzopoulou, 2008. 

Smart Cities Research at University of Toronto 



The Greater Toronto Areas - GTA 

• The GTA & GGH is a large metropolitan region 
that lacks a coherent regional GIS suitable for 
sustainability decision making processes 
– We aim to connect disparate urban design and 

evaluation models in a visual environment for decision 
making in urban sustainability 

– Today I am illustrating a case study of the      
Waterfront Toronto on the West Don Lands 

• show the first protoype integrating street scale drawings, 3D 
max, and a carbon-energy evaluation tool 

– As time permits, I will show aspects of the Pearson 
Airport Eco Industrial Zone case study 
 

Smart Cities Research at University of Toronto – Eric Miller 



Carbon Tool/GBR Team 

http://www.loopinitiatives.com/index.html


Transit Oriented Development 
City of Toronto 
96% of households are within 400m of a 
TTC station 
 
 

Walkability 

City of Toronto 

~45% of housing units are within 800m 

of at least 5 basic services 

Jobs within 800m of housing: ~50% of 

housing unit count 

Target Range Exercise – Land-Use 

Smart Cities Research at University of Toronto 

Cities Centre 



Urban Design Models 

SPATIAL MODEL 
and 

VISUALIZATIONS 

• Master plan: 
streets, parcels, 
public realm 

• Building 
footprint and 
heights 

URBAN DESIGN 
MODELS 

URBAN 
PERFRMANCE 

MODELS 
• 2D or 3D maps of 

carbon by 
building  

• Regional travel 
behavior 

• Census data 
• Traffic Models 
• Building Resource 

Models 
• Neighborhood 

Carbon Model 

 

Create 
common 

geodatabase 
and import 

to GIS   

Excel + 
software 

CAD  

ARC GIS 

Flex or HTML5 

DASHBOARDS 
and WEB 

APPLICATIONS wat 

Case Study: 
West Don Lands Urban 
Design and Master Plan 

Smart Cities Research at University of Toronto – Cities Centre 



Urban Performance Models 

SPATIAL MODEL 
and 

VISUALIZATIONS 

• Master plan: 
streets, parcels, 
public realm 

• Building 
footprint and 
heights 

URBAN DESIGN 
MODELS 

URBAN 
PERFRMANCE 

MODELS 
• 2D or 3D maps of 

carbon by 
building  

• Regional travel 
behavior 

• Census data 
• Traffic Models 
• Building Resource 

Models 
• Neighborhood 

Carbon Model 

 

Create 
common 

geodatabase 
and import 

to GIS   

Excel + 
software 

CAD  

ARC GIS 

Flex or HTML5 

DASHBOARDS 
and WEB 

APPLICATIONS 

Traffic Model 
 

Population model (population synthesis) 
 

TASHA : Trip Planning 
 

EMME2: Traffic Assignment 

Work Trip Destinations for Residents of West Don Lands
TTS Traffic Zones 2001

Hamilton

Mississauga

Brampton

Toronto

Markham

Richmond 
Hill

West Don Lands

8 0 84 Kilometers

Number of Trips by Quartiles:

Municipalities 2006

Traffic zone is not a destination

1 - 4

5 - 10

11 - 25

26 - 149

Smart Cities Research at University of Toronto – Cities Centre 



Urban Performance Models 

SPATIAL MODEL 
and 

VISUALIZATIONS 

• Master plan: 
streets, parcels, 
public realm 

• Building 
footprint and 
heights 

URBAN DESIGN 
MODELS 

URBAN 
PERFRMANCE 

MODELS 
• 2D or 3D maps of 

carbon by 
building  

• Regional travel 
behavior 

• Census data 
• Traffic Models 
• Building Resource 

Models 
• Neighborhood 

Carbon Model 

 

Create 
common 

geodatabase 
and import 

to GIS   

Excel + 
software 

CAD  

ARC GIS 

Flex or HTML5 

DASHBOARDS 
and WEB 

APPLICATIONS 

Traffic Model 
 

Population model (population synthesis) 
 

TASHA : Trip Planning 
 

EMME2: Traffic Assignment 

Building Resource models 
 

Operational energy consumption and 
generation 

 
Consumption of water, waste, materials 

Carbon Model 
 

Regional Carbon factors applied to build-out 
scenarios 

 
Carbon output per resident and building area 

Smart Cities Research at University of Toronto – Cities Centre 



Spatial Models 

SPATIAL MODEL 
and 

VISUALIZATIONS 

• Master plan: 
streets, parcels, 
public realm 

• Building 
footprint and 
heights 

URBAN DESIGN 
MODELS 

URBAN 
PERFRMANCE 

MODELS 
• 2D or 3D maps of 

carbon by 
building  

• Regional travel 
behavior 

• Census data 
• Traffic Models 
• Building Resource 

Models 
• Neighborhood 

Carbon Model 

 

Create 
common 

geodatabase 
and import 

to GIS   

Excel + 
software 

CAD  

ARC GIS 

Flex or HTML5 

DASHBOARDS 
and WEB 

APPLICATIONS 

Smart Cities Research at University of Toronto – Cities Centre 
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Dashboards 

SPATIAL MODEL 
and 

VISUALIZATIONS 

• Master plan: 
streets, parcels, 
public realm 

• Building 
footprint and 
heights 

URBAN DESIGN 
MODELS 

URBAN 
PERFRMANCE 

MODELS 
• 2D or 3D maps of 

carbon by 
building  

• Regional travel 
behavior 

• Census data 
• Traffic Models 
• Building Resource 

Models 
• Neighborhood 

Carbon Model 

 

Create 
common 

geodatabase 
and import 

to GIS   

Excel + 
software 

CAD  

ARC GIS 

Flex or HTML5 

DASHBOARDS 
and WEB 

APPLICATIONS 

Example: FLEX web based Solar and Thermal Calculator, Feick, Uof Waterloo 

Dashboard can create opportunities for the public and 
experts alike to test options, such as individual building and 
roof potential for Solar PV applied to Provincial funding 



Wei Pang MLA Thesis – examining daily lifestyle requirements 



Decision Support Techniques 
To address these problems, we will investigate and integrate techniques from 

four existing approaches to community decision-making:  
• Decision theatre makes use of immersive visualizations, in which a group 

of people engaged in complex decision processes can be brought together 
in a specially designed theatre that provides large format immersive 
visualizations of the 3D built environment and of 3D views of abstract data 
spaces.  
 

• Participatory Design provides a methodology to explore design choices 
and understand needs. These have traditionally been used for user 
interface design and workflow systems, The challenge here is to enhance 
PD methods with ways of exploring complex datasets that complement 
the participants’ own experiences. 
 



CLR – 3D negotiation models - University of Toronto 



CLR – 3D negotiation models - University of Toronto 



CLR – participatory negotiation models – complete streets – Lakeshore Road Community symposium 



CLR – 3D City Models that “Show Me” the integration of smart cities thinking from metrics to human scale experience 



Decision Support Techniques 
• Online Communities, The challenge in online communities is to find ways 

of building trust and assessing credibility and expertise of individual 
participants and information sources, when traditional social processes for 
recognizing credibility are absent. We will explore how to combine online 
community building with face-to-face techniques such as decision theatre 
and participatory design, to adapt to complex decision tasks requiring 
consensus-building and creative design solutions. 

• Crowdsourcing, which bring together large numbers of people to create 
complex shared knowledge sources (e.g. Wikipedia, OpenStreetMap, etc) 
[c1]. These depend on simple protocols for editing a large shared 
knowledge-base, along with sophisticated social processes for maintaining 
overall editorial guidance to ensure the result is coherent. We plan to 
build on our existing prototype for an online shared carbon calculator, 
INFLO [c2] which acts as a visual wiki for quantitative analysis of complex 
decision problems, where participants can extend the analysis and link it 
to new data sources as they become relevant. 
 



An example of the effort to 

holistically integrate human 

and technical factors in smart 

city thinking by Boyd Cohen.  

http://www.fastcoexist.com/30

38818/the-smartest-cities-in-

the-world-2015-methodology 

 

 

 

 

 

 

 

He describes the current 

phase of smart cities thinking 

as one that incorporates 

citizen co-creation. 

http://www.fastcoexist.com/30

47795/the-3-generations-of-

smart-cities 
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There are many approaches to smart 

cities by various industries, municipal 

infrastructure departments and technical 

disciplines. Often these models appear 

very technical and leave out the 

dimensions of the livable smart city that 

are becoming a widely accepted 

requirement of a smart city. The next 

phase of smart city model research is to 

marry the technical models with human 

centric urban design models that capture 

lifestyle factors. 
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UofT President Gertler’s 

priority on using the 

University’s location in the 

Toronto Region as an 
asset and a responsibility 



Bringing together the University Talent & Creating Research Catalogues 



Smart Cities Research at University of Toronto 
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