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Public safety Public transportation Traffic Land use



Forecasting Road Traffic 
Congestion

[Lee et al., 2019]

Visual Analysis of 
Uncertainty in Trajectories

[Lu et al., 2014]
TrajGraph

[Huang et al., 2015]

A study of new york city taxi trips 
[Ferreira et al., 2013]

SemanticTraj
[Al-Dohuki et al., 2016]

Spatiotemporal Statistical 
Data

[Kim et al., 2017]

MaraVis
[Li et al., 2020]

SEEVis
[Li et al., 2020]

Air Pollution Problem in 
Hong Kong

[Qu et al., 2007]

Air Temperature
[Gautier et al., 2020]

HydroQual
[Accorsi et al., 2014]

A correlative analysis process in a 
visual analytics environment

[Malik et al., 2012]

Urban Mosaic
[Miranda et al., 2020]

Shadow accrual maps
[Miranda et al., 2018]

Urban Pulse 
[Miranda et al., 2016]

Location2vec 
[Zhu et al., 2019]
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> 200 papers (Deng et al., 2022)> 150 papers (Zheng et al., 2016)

Urban visual analytics surveys
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View impact assessment

Sunlight access Flooding Disaster management
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Sunlight access Flooding Disaster management

Property cadastreView impact assessment
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Urban farmingProperty cadastreView impact assessment

Sunlight access Flooding Disaster management



3D Urban Data
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3D Urban Data
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Wind & weather simulations



3D Urban Data

18

View & sunlight models



3D Urban Data
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Surveyed data



What is 3D Urban Data?
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In this survey, we define 3D urban data as the information 

inherently associated with the three-dimensional structure of 

urban environments.



What is 3D Urban Data?
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Physical layers:

- Buildings

- Streets

- Parks

- Water bodies



What is 3D Urban Data?
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Physical layers:

- Buildings

- Streets

- Parks

- Water bodies

Thematic layers:

- Simulation outputs

- Survey results

- Sensed data



Why this survey?

● Growing availability of 3D urban datasets & visual analytics tools 

leveraging them.

● Inclusion of this additional dimension increases the difficulty in 

addressing the various challenges involved in designing effective GIS 

and VA tools:
○ Visual strategies to support analysis of the data referent to the city’s geometry.

○ Navigation to learn the structure of the environment.

○ Integration of the information from different points of view, while avoiding 

occlusion and viewpoint changes.
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Why this survey?

● Growing availability of 3D urban datasets & visual analytics tools 

leveraging them.

● Inclusion of this additional dimension increases the difficulty in 

addressing the various challenges involved in designing effective 

GIS and VA tools:
○ Visual strategies to support analysis of the data referent to the city’s geometry.

○ Navigation to learn the structure of the environment.

○ Integration of the information from different points of view, while avoiding 

common problems such as occlusion and viewpoint changes.

24



Why this survey?

● Growing availability of 3D urban datasets & visual analytics tools 

leveraging them.

● Inclusion of this additional dimension increases the difficulty in 

addressing the various challenges involved in designing effective GIS 

and VA tools:
○ Visual strategies to support analysis of the data referent to the city’s geometry.

○ Navigation to learn the structure of the environment.

○ Integration of the information from different points of view, while avoiding 

occlusion and viewpoint changes.

25

Tackling these challenges can be fundamental to uncovering features 

valuable for decision-making and problem-solving in several domains.



Survey scope

We included papers that:

1. Made visualization contributions leveraging 3D urban data or 

facilitating 3D urban analytics.

2. Made domain-specific contributions generating or analyzing 3D 

urban data.

26



Survey scope

We included papers that:

1. Made visualization contributions leveraging 3D urban data or 

facilitating 3D urban analytics.

2. Made domain-specific contributions generating or analyzing 3D 

urban data.

Venue selection process involved:

27
6 visualization researchers 3 domain experts



Survey scope
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Collaborative effort to select venues that publish 

works within the scope of the survey.

Over 20 venues (journals, conferences, 

symposiums).



Survey scope

29

Visualization venues

Urban-specific venues



Survey methodology: Four-stage process

1. Selection:
a. Each venue was assigned to two co-authors; 

b. Review of published works and selection of 

works within scope.

2. Filtering:
a. Each selected paper was assigned to two co-

authors;

b. In-depth review of works. Papers were 

included if both co-authors agreed that it fell 

within the scope of the survey.

c. Meetings to create dimensions and tags.

3. Tagging: 
a. Each filtered paper was assigned to two 

co-authors for tagging.

4. Consolidation:
a. One co-author merged tags, resolving 

eventual conflicts.
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Survey methodology: Four-stage process

1. Selection:
a. Each venue was assigned to two co-authors; 

b. Review of published works and selection of 

works within scope.

2. Filtering:
a. Each selected paper was assigned to two 

co-authors;

b. In-depth review of works. Papers were 

included if both co-authors agreed that it fell 

within the scope of the survey.

c. Meetings to create dimensions and tags.

3. Tagging: 
a. Each filtered paper was assigned to two 

co-authors for tagging.

4. Consolidation:
a. One co-author merged tags, resolving 

eventual conflicts.

Survey corpus: 175 papers

54 visualization papers

121 domain-specific papers
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Survey contributions

1. We establish a common characterization that allows us to organize 

contributions from a multitude of domains, including visualization, 

architecture, engineering, and urban planning.

2. We introduce a comprehensive survey on 3D urban visual analytics, 

reviewing 175 papers.

3. We report a series of research directions and open problems in 3D 

urban visual analytics.

36



Survey structure
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What 3D urban data 

is being analyzed?

How is 3D urban 

data being 

analyzed?

Why is 3D urban 

data being 

analyzed?

Paper type
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What 3D urban data 

is being analyzed?

How is 3D urban 

data being 

analyzed?

Why is 3D urban 

data being 

analyzed?

Paper type
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Paper type

42

System Technique Design study Evaluation Data creation Application study

Visualization contributions Domain contributions



Paper type

43

System
New infrastructure, 

framework, or toolkit

(27)

Technique
New visualization 

algorithms

(16)

Design study
New visualization for a 

particular domain 

problem

(5)

Evaluation
Assessing how 

systems or techniques 

are used by users

(5)

Data creation
Methodologies to 

create new 3D data

(13)

Application study
Analytical studies using 

3D urban data

(109)

Visualization contributions Domain contributions



Paper type
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System
New infrastructure, 

framework, or toolkit

(27)

Technique
New visualization 

algorithms

(16)

Design study
New visualization for a 

particular domain 

problem

(5)

Evaluation
Assessing how 

systems or techniques 

are used by users

(5)

Data creation
Methodologies to 

create new 3D data

(13)

Application study
Analytical studies using 

3D urban data

(109)

[Doraiswamy et al., 2015]



Paper type
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System
New infrastructure, 

framework, or toolkit

(27)

Technique
New visualization 

algorithms

(16)

Design study
New visualization for a 

particular domain 

problem

(5)

Evaluation
Assessing how 

systems or techniques 

are used by users

(5)

Data creation
Methodologies to 

create new 3D data

(13)

Application study
Analytical studies using 

3D urban data

(109)

[Cornel et al., 2019]



Primary dimension: Paper type
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System
New infrastructure, 

framework, or toolkit

(27)

Technique
New visualization 

algorithms

(16)

Design study
New visualization for a 

particular domain 

problem

(5)

Evaluation
Assessing how 

systems or techniques 

are used by users

(5)

Data creation
Methodologies to 

create new 3D data

(13)

Application study
Analytical studies using 

3D urban data

(109)

[Waser et al., 2014]



Primary dimension: Paper type
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System
New infrastructure, 

framework, or toolkit

(27)

Technique
New visualization 

algorithms

(16)

Design study
New visualization for a 

particular domain 

problem

(5)

Evaluation
Assessing how 

systems or techniques 

are used by users

(5)

Data creation
Methodologies to 

create new 3D data

(13)

Application study
Analytical studies using 

3D urban data

(109)

[Mota et al., 2022]



Primary dimension: Paper type
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System
New infrastructure, 

framework, or toolkit

(27)

Technique
New visualization 

algorithms

(16)

Design study
New visualization for a 

particular domain 

problem

(5)

Evaluation
Assessing how 

systems or techniques 

are used by users

(5)

Data creation
Methodologies to 

create new 3D data

(13)

Application study
Analytical studies using 

3D urban data

(109)

[Wilson et al., 2019]



Primary dimension: Paper type
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System
New infrastructure, 

framework, or toolkit

(27)

Technique
New visualization 

algorithms

(16)

Design study
New visualization for a 

particular domain 

problem

(5)

Evaluation
Assessing how 

systems or techniques 

are used by users

(5)

Data creation
Methodologies to 

create new 3D data

(13)

Application study
Analytical studies using 

3D urban data

(109)

[Allegrini and Carmeliet, 2018] [Catita et al., 2014]



Why is 3D urban data being analyzed?
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Why: Use cases

Primary domain cases of the paper:

▪ Sunlight access

▪ Wind & ventilation

▪ View impact analysis

▪ Energy modeling

▪ Disaster management

▪ Climate

▪ Noise

▪ Property cadastre

▪ Others

51



Why: Use cases

52

Sunlight

access

Wind &

ventilation
View impact

Energy

modeling

Disaster

management
Climate Noise

Property

cadastre

Sunlight access: works that study the impact of the built environment on “right to light” 

or “right to sunshine.”



Why: Use cases
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Sunlight

access

Wind &

ventilation
View impact

Energy

modeling

Disaster

management
Climate Noise

Property

cadastre

Sunlight access: works that study the impact of the built environment on “right to light” 

or “right to sunshine.”

Total of 39 papers:

• 3 visualization systems

• 3 visualization techniques

• 2 evaluation studies

• 5 data creation

• 25 analysis studies

[Miranda et al., 2018]



Why: Use cases
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Sunlight

access

Wind &

ventilation
View impact

Energy

modeling

Disaster

management
Climate Noise

Property

cadastre

Wind & ventilation: works that study the interplay between built environment and wind.

Total of 43 papers:

• 2 data creation

• 41 application studies

[Shiraz et al., 2020]



Why: Use cases
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Sunlight

access

Wind &

ventilation
View impact

Energy

modeling

Disaster

management
Climate Noise

Property

cadastre

View impact analysis: works that use scores computed on the surface of buildings 

summarizing the visibility of certain geographical features (e.g., landmarks, parks, 

waterfronts).

Total of 14 papers:

• 3 visualization systems

• 1 design study

• 10 application studies

[Turan et al., 2021]



Why: Use cases
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Sunlight

access

Wind &

ventilation
View impact

Energy

modeling

Disaster

management
Climate Noise

Property

cadastre

Urban building energy modeling: works that model building energy consumption.

Total of 23 papers:

• 2 visualization systems

• 4 data creation

• 17 application studies

[Abbasabadi et al., 2019]



Why: Use cases
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Sunlight

access

Wind &

ventilation
View impact

Energy

modeling

Disaster

management
Climate Noise

Property

cadastre

Noise & sound propagation: works that focus on the relationship between noise and 

the built environment.

Total of 8 papers:

• 1 visualization system

• 1 design study

• 6 application studies

[Tang et al., 2022]



Why: Use cases
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Sunlight

access

Wind &

ventilation
View impact

Energy

modeling

Disaster

management
Climate Noise

Property

cadastre

Other works include:

• Walkability considering 3D footpath networks

• Simulation of radio propagation

• Enclosure assessment

• Urban design plans

• Urban vitality



Why: Analysis actions

● Actions that are performed during analytical tasks
○ Mid-level (search) actions:

■ Lookup

■ Browse

■ Locate

■ Explore

○ Low-level (query) actions:

■ Identify

■ Compare

■ Summarize

■ Spatial relationship

59



Why: Analysis actions
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Why: Analysis queries: Spatial relation

61

Looked for the use of keywords such as “context”, 

“neighborhood”, and “vicinity” in the description of 

the requirements, methodology, or analysis.

Is the user interested in the relation of spatial 

properties of a target and its context?

129 surveyed papers mention some type of spatial 

relationship.



Why: Analysis queries: Spatial relation
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Fereira et al. highlighted the need for 3D context 

models and to explore the view extent over the city. 

[Ferreira et al., 2015]



What 3D urban data is being analyzed?
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What: Physical data entities
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Buildings Streets Nature



What: Physical data entities
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Buildings Streets Nature

OpenStreeMap
Gov Agencies

OpenTopography



What: Thematic data properties
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Uniform

Structural

Volumetric

Temporal

Multivariate
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Uniform

Structural

Volumetric

Temporal

Multivariate [Yu et al. 2016]
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Uniform

Structural

Volumetric

Temporal

Multivariate

[Turan et al. 2021]
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Uniform

Structural

Volumetric

Temporal

Multivariate
[Beran et al. 2021]
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Uniform

Structural

Volumetric

Temporal

Multivariate

[Cornel et al. 2019]



What: Thematic data properties
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Uniform

Structural

Volumetric

Temporal

Multivariate
[Li et al. 2022]



What: Thematic data properties
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Multivariate

60 (~34%)

out of 175 papers  

49 (~28%)

out of 175 papers  
Temporal

48 (~27%)

out of 175 papers  
Volumetric



What: Spatial data scopes
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What: Spatial data scopes
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What: Spatial data scopes
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52 (~30%)

out of 175 papers  

78 (~45%)

out of 175 papers  

106 (~61%)

out of 175 papers  



How is 3D urban data being analyzed?
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How: Physical & Thematic Visual Integration
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How: Physical & Thematic Visual Integration

78

Superimposition

Juxtaposition

Linked view

Interchangeable

Embedded View

# of papers

108

44

22

9

6



How: Thematic Visual Encoding
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● Spatial  Encodings
○ Mapping onto surfaces

○ 3D representations

● Non-spatial  Encodings
○ Line graphs

○ Bar Charts

○ Scatterplots

○ Parallel Coordinates

○ SPLOMs
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[Cornel et al. 2019]
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[Beran et al. 2022]



● Spatial  Encodings
○ Mapping onto surfaces

○ 3D representations

● Non-spatial  Encodings
○ Line graphs

○ Bar Charts

○ Scatterplots

○ Parallel Coordinates

○ SPLOMs

How: Thematic Visual Encoding

83

[Zhang et al. 2021]



How: Thematic Visual Encoding
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● Spatial  Encodings
○ Mapping onto surfaces

○ 3D representations

● Non-spatial  Encodings
○ Line graphs

○ Bar Charts

○ Scatterplots

○ Parallel Coordinates

○ SPLOMs

[Bock et al. 2016]



How: Occlusion Handling
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How: Occlusion Handling
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Bird’s view

Multi-view

Ghosting

Deformation

Slicing

Assisted
# of papers

76

30

9

8

4

9



Research Challenges
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Thematic Data 

Representation
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& Guidance

Open 3D 

Urban VA

Visual 

Modalities

Empirical 

Validations

Collaborative 

Analysis
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Thematic Data 

Representation
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& Guidance

Open 3D 

Urban VA

Visual 

Modalities

Empirical 

Validations

Collaborative 

Analysis



Empirical Validations of Visual Designs
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Empirical Validations of Visual Designs

90

"3D geovisualization is essential in urban planning as it assists the 

analysis of geospatial data and decision making in the design and 

development of land use and built environment. However, we noted that 

3D geospatial models are commonly visualized arbitrarily as current 

3D viewers often lack of design instructions to assist end users.”

[Neuville et al. 2019]



Empirical Validations of Visual Designs
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Case Studies

Statistical Evaluation

User Study

Expert Interviews

108

45

21

13

# of papers



Empirical Validations of Visual Designs
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[Mota et al., 2022]



Visual Metaphors for Thematic Dimensions
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Visual Metaphors for Thematic Dimensions

3D Urban data is often complex

94

Multivariate

60 (~34%)

out of 175 papers  

49 (~28%)

out of 175 papers  
Temporal

48 (~27%)

out of 175 papers  
Volumetric



Visual Metaphors for Thematic Dimensions

3D Urban data is often complex

Furthermore, often include uncertainty

95

Multivariate

60 (~34%)

out of 175 papers  

49 (~28%)

out of 175 papers  
Temporal

48 (~27%)

out of 175 papers  
Volumetric



Visual Metaphors for Thematic Dimensions

3D Urban data is often complex

Furthermore, often include uncertainty

and analyzed at multiple scales
96

Multivariate

60 (~34%)

out of 175 papers  

49 (~28%)

out of 175 papers  
Temporal

48 (~27%)

out of 175 papers  
Volumetric



Visual Metaphors for Thematic Dimensions
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Superimposition

Juxtaposition

Linked view

Interchangeable

Embedded View

# of papers

108

44

22

9

6



Navigation and Guided Exploration
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Navigation and Guided Exploration
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Bird’s view

Multi-view

Ghosting

Deformation

Slicing

Assisted

# of papers

76

30

9

8

4

9



Navigation and Guided Exploration

100
[Zhang et al., 2021]

View Selection Criteria

• Camera Target Distance

• Camera Obstruction

• View Occlusion



Navigation and Guided Exploration

101
[Zhang et al., 2021]

View Selection Criteria

• Camera Target Distance

• Camera Obstruction

• View Occlusion

Does not take the thematic

data into account



Navigation and Guided Exploration
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[Valdivia et al., 2015]

[Doraiswamy et al., 2014] [Liu et al., 2018]



Conclusion

103

● 3D Urban visual analytics is important tool with large potential of real 

impact in many domains.

● A plethora of research opportunities
● Large visual design space.

● Lack of (open) toolkits.

● Gap between vis researchers and domain experts.



2013

TaxiVis
(Ferreira et al., 2013)

2014

Taxi Patterns
(Doraiswamy et al., 2016)

2016

Urban Pulse
(Miranda et al., 2016)

2015

Urbane
(Ferreira et al., 2015)

Catalogue
(Doraiswamy et al., 2015)

2018

2017

Raster-Join
(Doraiswamy et al., 2018)

2020

Urban Mosaic
(Miranda et al., 2020)

2021

UrbanRama

(Chen et al., 2020)

2019

Shadow Profiler
(Miranda et al., 2019)

2022

Urban Rhapsody

(Rulff et al., 2022)

2023

UTK

(Moreira et al.,2023)
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