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Introduction
• Since 2017 doctoral student at Centrale Nantes with the Ambience, 

Architectures & Urbanités (AAU) lab 

‣ Encadrement: Vincent Tourre 

‣ (Original) topic: Visualization of Multi-Layered Spatiotemporal 3D 
Urban Datasets 

‣ Motivation: Create effective visualizations of spatiotemporal data for 
the urban design process, using recent advances in immersive 
technologies.
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Problem Statements
1. How can the understanding of urban environments be 

improved with visualizing more available data?  

‣ What is urban data? 
‣ What is understanding urban environments? 

2. What are the benefits of 3D data visualization for urbanism?  

‣ How to preserve legibility in (immersive) 3D views? 

3. What are the most useful views in 3D urban visualization?  

‣ Are multi-view solutions possible and desirable? 
‣ How to maximize data layer legibility, minimize interference?

Urban Data 
Understanding

3D Urban Data 
Visualization

Implementation
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"...urban design should be taken to mean 
the relationship between different buildings; 
the relationship between buildings and the 
streets, squares, parks and other spaces 
which make up the public domain; the 
nature and quality of the public domain 
itself; the relationship of one part of a 
village, town, or city with other parts; and 
the patterns of movement and activity which 
are thereby established: in short, the 
complex relationships between all the 
elements of the built and unbuilt space." 

Urban Design: Two Definitions
"Urban design is concerned with the 
physical form of cities, buildings and the 
space between them. The study of urban 
design deals with the relationships between 
the physical form of the city and the social 
forces which produce it. It focuses, in 
particular, on the physical character of the 
public realm but is also concerned with the 
interaction between public and private 
development and the resulting impact on 
urban form." 
From: Clara Greed and Marion Roberts. Introducing 
urban design: interventions and responses. Routledge, 
2014 



Urban Design Process as a Visualization Challenge
• Visual Analytics in Urban Computing: An Overview (Yixian Zheng et al, 2016): 

‣ With more data of higher complexity becoming available, human analysis is still 
indispensable 

‣ Finding effective ways to present urban data is more important than ever 

• In search of visualization challenges: The development and implementation of 
visualization tools for supporting dialogue in urban planning processes (Monica 
Billger et al, 2017): 

‣ Urban data visualization is a great source for open research questions in 
visualizations
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Challenge 1: Multilayer

• Multiple layers of information 
regarding different aspects of 
the city environment 

• Difficulty in representing 
different parameters of geo-
referenced data simultaneously 
in a comprehensible way

From Visualizing environmental data for pedestrian comfort 
analysis in urban planning processes, Wästberg et. al., 2017
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Two-Layer Comparison
• Many ways exist to show two 

spatial layers simultaneously 

• Work has been done in 
cartography to address 
comparing/understanding two 
map layers 

• Which of these are applicable to 
more than two layers? Swipe

Juxtapose Overlay

Lens

Example: An Evaluation of Interactive Map 
Comparison Techniques, Lobo et. al., 2015 7



Multilayer: Space for Research
• What about more than two layers? 

‣ Many applications require more 
than just two layers 

‣ Many researched techniques don’t 
apply well to more than two layers
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1. Compare techniques applicable for more than two layers 
Judge by subjective user ratings after completing tasks, qualitative interviews, and objective measurements 

2. Evaluate the techniques inside an immersive environment 
By itself, XR offers advantages (large display size, interactivity), and since the stack appears to benefit most 
from stereoscopic display, the other methods had to be compared on an equal footing

• Could immersive visualization offer 
advantages? 

‣ Theoretically infinite display size, 
with stereoscopic vision 

‣ Direct interaction 

‣ Immersion into the data



Multilayer: Our Research
• Evaluate three compositing techniques in virtual 

reality 

‣ Blitting: One big map, switching between layers 

‣ Grid: Show all layers juxtaposed in a grid 

‣ Stack: Show all layers juxtaposed in a stack 

• Hypotheses: 

‣ Juxtaposition beats blitting: less mental effort 
(all layers visible), faster, and less physical effort 
(no switching) 

‣ Stack beats grid: layers vertically aligned 

• Stereoscopic VR makes stack readable

Blitting

Grid Stack
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Research: Multilayer Data — City Illumination

Light pollution Night transportation

Energy consumption Night points of interest

Evaluation requires a task; ideally a use case 
• Decisions in urban public lighting are a natural 

multilayered problem 
• Based on four layers, make a choice between three 

given areas: which one is the most “problematic,” 
or most in need of change?10



Implementation: Screen Captures
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Implementation: Screen Recording
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Experiment & First Results
• 26 (28) Participants 

• Data gathered with 
questionnaire, user 
interaction and 
eye-tracking 

• Results show 
strong 
preferences, and 
data hints at 
explanations for 
those
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RankedFirst

ID Read Ease ViDe

1 2 1 2

2 1 2 2

3 2 3 3

4 3 3 3

5 3 3 2

6 2 2 1

7 3 3 3

8 2 3 3

9 2 2 1

10 3 2 3

11 3 3 3

12 1 2 1

13 2 2 1

14 1 3 1

15 2 2 3

16 2 3 1

17 3 3 3

18 1 2 1

19 1 3 3

20 1 2 2

21 3 3 3

22 3 3 3

23 3 3 3

24 1 1 3

26 2 2 3

27 2 2 3

RankedLast

ID Read Ease ViDe

1 3 3 3

2 3 3 3

3 1 1 1

4 1 1 1

5 1 1 3

6 1 3 2

7 1 2 1

8 1 1 1

9 1 1 2

10 1 1 1

11 1 1 1

12 3 3 3

13 3 3 3

14 3 1 3

15 1 3 1

16 1 1 3

17 1 1 1

18 3 3 3

19 1 1 1

20 3 3 1

21 1 1 1

22 1 1 1

23 1 1 2

24 3 3 2

26 1 1 1

27 1 1 1

Rankings: Which systems were ranked as first, second and last place under which aspects

Participant ID 1st Read 2nd Read 3rd Read 1st Ease 2nd Ease 3rd Ease 1st ViDe 2nd ViDe 3rd ViDe

1 Grid Blit Stack Blit Grid Stack Grid Blit Stack

2 Blit Grid Stack Grid Blit Stack Grid Blit Stack

3 Grid Stack Blit Stack Grid Blit Stack Grid Blit

4 Stack Grid Blit Stack Grid Blit Stack Grid Blit

5 Stack Grid Blit Stack Grid Blit Grid Blit Stack

6 Grid Stack Blit Grid Blit Stack Blit Stack Grid

7 Stack Grid Blit Stack Blit Grid Stack Grid Blit

8 Grid Stack Blit Stack Grid Blit Stack Grid Blit

9 Grid Stack Blit Grid Stack Blit Blit Stack Grid

10 Stack Grid Blit Grid Stack Blit Stack Grid Blit

11 Stack Grid Blit Stack Grid Blit Stack Grid Blit

12 Blit Grid Stack Grid Blit Stack Blit Grid Stack

13 Grid Blit Stack Grid Blit Stack Blit Grid Stack

14 Blit Grid Stack Stack Grid Blit Blit Grid Stack

15 Grid Stack Blit Grid Blit Stack Stack Grid Blit

16 Grid Stack Blit Stack Grid Blit Blit Grid Stack

17 Stack Grid Blit Stack Grid Blit Stack Grid Blit

18 Blit Grid Stack Grid Blit Stack Blit Grid Stack

19 NA Blit NA Stack Grid Blit Stack Grid Blit

20 Blit Grid Stack Grid Blit Stack Grid Stack Blit

21 Stack Grid Blit Stack Grid Blit Stack Grid Blit

22 Stack Grid Blit Stack Grid Blit Stack Grid Blit

23 Stack Grid Blit Stack Grid Blit Stack Blit Grid

24 Blit Grid Stack Blit Grid Stack Stack Blit Grid

26 Grid Stack Blit Grid Stack Blit Stack Grid Blit

27 Grid Stack Blit Grid Stack Blit Stack Grid Blit

total BLIT 6 3 17 2 8 16 7 5 14

total GRID 10 15 0 11 14 1 4 18 4

total STACK 9 8 8 13 4 9 15 3 8

BLIT

1st place 2nd place 3rd place

GRID

STACK

BLIT

1st place 2nd place 3rd place

GRID

STACK

BLIT

1st place 2nd place 3rd place

GRID

STACK

1st 
place

BLIT GRID STACK

2nd 
place

3rd 
place

1st 
place

BLIT GRID STACK

2nd 
place

3rd 
place

1st 
place

BLIT GRID STACK

2nd 
place

3rd 
place

Readability Ease of Use Visual Design

Readability Ease of Use Visual Design

Ranking vs System

Ranking
Readability Ease of Use Visual Design

Blit Grid Stack Blit Grid Stack Blit Grid Stack

3rd 65% 0% 32% 62% 4% 35% 54% 15% 31%

2nd 12% 60% 32% 31% 54% 15% 19% 69% 12%

1st 23% 40% 36% 8% 42% 50% 27% 15% 58%

!2 12.538 14 0.08 11.385 10.692 4.6923 5.1538 15.077 8.3846

p 0.001894 0.0009119 0.9608 0.003372 0.004766 0.09574 15.077 0.0005322 0.01511

System vs Ranking

System
Readability Ease of Use Visual Design

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

Blit 24% 12% 68% 8% 31% 62% 27% 19% 54%

Grid 40% 58% 0% 42% 54% 4% 15% 69% 15%

Stack 36% 31% 32% 50% 15% 35% 58% 12% 31%

!2 1.04 8.3846 17.36 7.9231 5.8462 13 7.4615 15.308 5.8462

p 0.5945 0.01511 0.00017 0.01903 0.05377 0.001503 0.02397 0.0004742 0.05377
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Bradley-Terry Scores and Confidence Intervals

Ranking
Readability Ease of Use Visual Design

Blit Grid Stack Blit Grid Stack Blit Grid Stack

adjusted b 0.967475 2.133175 1.633975 0.650975 2.034675 1.691175 1.206975 1.578175 1.949275

adjusted ci 0.5150 0.2870 0.4062 0.5692 0.3004 0.3889 0.4460 0.3852 0.3059

b -1.8099 -0.6442 -1.1434 -2.1264 -0.7427 -1.0862 -1.5704 -1.1992 -0.8281

ci 0.5150 0.2870 0.4062 0.5692 0.3004 0.3889 0.4460 0.3852 0.3059

Readability

Blit
Grid
Stack

Ease of Use Visual Design

Readability

Blit Grid Stack

Ease of Use

Blit Grid Stack

Visual Design

Blit Grid Stack

System vs Ranking

Rankings: Which systems were ranked as first, second and last place under which aspects-1

Participant ID 1st Read 2nd Read 3rd Read 1st Ease 2nd Ease 3rd Ease 1st ViDe 2nd ViDe 3rd ViDe BlitRead GridRead StackRead BlitEase GridEase StackEase BlitViDe GridViDe StackViDe Participant ID

1 Grid Blit Stack Blit Grid Stack Grid Blit Stack second first last first second last second first last 1

2 Stack Grid Blit Grid Stack Blit Stack Grid Blit last second first last first second last second first 2

3 Stack Grid Blit Stack Grid Blit Stack Grid Blit last second first last second first last second first 3

4 Blit Grid Stack Grid Blit Stack Blit Grid Stack first second last second first last first second last 4

5 Grid Blit Stack Grid Blit Stack Blit Grid Stack second first last second first last first second last 5

6 Blit Grid Stack Stack Grid Blit Blit Grid Stack first second last last second first first second last 6

7 Grid Stack Blit Grid Blit Stack Stack Grid Blit last first second second first last last second first 7

8 Grid Stack Blit Stack Grid Blit Blit Grid Stack last first second last second first first second last 8

9 Stack Grid Blit Stack Grid Blit Stack Grid Blit last second first last second first last second first 9

10 Blit Grid Stack Grid Blit Stack Blit Grid Stack first second last second first last first second last 10

11 NA Blit NA Stack Grid Blit Stack Grid Blit second second second last second first last second first 11

12 Blit Grid Stack Grid Blit Stack Grid Blit Stack first second last second first last second first last 12

13 Blit Grid Stack Grid Blit Stack Grid Stack Blit first second last second first last last first second 13

14 Stack Grid Blit Stack Grid Blit Stack Grid Blit last second first last second first last second first 14

15 Stack Grid Blit Stack Grid Blit Stack Grid Blit last second first last second first last second first 15

16 Stack Grid Blit Stack Grid Blit Stack Blit Grid last second first last second first second last first 16

17 Blit Grid Stack Blit Grid Stack Stack Blit Grid first second last first second last second last first 17

18 Grid Stack Blit Grid Stack Blit Stack Grid Blit last first second last first second last second first 18

19 Grid Stack Blit Grid Stack Blit Stack Grid Blit last first second last first second last second first 19

20 Grid Stack Blit Stack Grid Blit Stack Grid Blit last first second last second first last second first 20

21 Stack Grid Blit Stack Grid Blit Stack Grid Blit last second first last second first last second first 21

22 Stack Grid Blit Stack Grid Blit Grid Blit Stack last second first last second first second first last 22

23 Grid Stack Blit Grid Blit Stack Blit Stack Grid last first second second first last first last second 23

24 Stack Grid Blit Stack Blit Grid Stack Grid Blit last second first second last first last second first 24

26 Grid Stack Blit Stack Grid Blit Stack Grid Blit last first second last second first last second first 26

27 Grid Stack Blit Grid Stack Blit Blit Stack Grid last first second last first second first last second 27

total BLIT 6 3 17 2 8 16 7 5 14 6 10 9 2 11 13 7 4 15 total FIRST

total GRID 10 15 0 11 14 1 4 18 4 3 16 9 8 14 4 5 18 3 total SECOND

total STACK 9 8 8 13 4 9 15 3 8 17 0 8 16 1 9 14 4 8 total LAST

Personals

Participant ID Birthday Gender CityMapFamiliarity CityMapComfort CityMapFreqency NantesCityFamiliarity NantesMapFamiliarity AfterSunsetTimeOutside VideoGameFrequency VRExperience ControllerComfort AgeBracket EducationLevel ProfessionalSituation BlitComments GridComments StackComments

1 2000-04-07 18 Male 68 62 MultiplePerYear 56 71 10 Never LessThan5h 54 Entre 18 et 25 ans Baccalauréat ou équivalent Étudiant null null null

2 1999-08-27 19 Male 27 71 1To3PerYear 79 18 10 EveryDay LessThan5h 102 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Étudiant Cette configuration demande plus de mouvement de tête ce qui n'est pas très agréable et les cartes ne sont pas inclinées pareil. Pour moi le plus lisible de tous et qui se complète bien avec la pile de carte quand on veut zoomer et alterner rapidement les couches. null

3 1997-07-12 21 Male 58 60 MultiplePerMonth 59 70 1 SomePerYear LessThan5h 68 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Étudiant Bonne visibilité Meilleur système des trois, bonne lisibilité pour étude comparative Cartes trop rapprochées les unes des autres obstruant légèrement la lisibilité. Qualité esthétique.  

4 1999-09-08 19 Female 37 31 MultiplePerYear 62 33 20 SomePerYear Between6hAnd20h 67 Entre 18 et 25 ans Baccalauréat ou équivalent Étudiant null null Système le plus pratique des trois, avec une vue d'ensemble sur les cartes. 

5 1990-05-03 28 Male 108 109 1To3PerYear 109 106 4 SomePerYear LessThan5h 109 Entre 26 et 35 ans Etudes supérieures (licence, maîtrise, master…) Profession libérale, cadre, profession intellectuelle supérieure not bad good good

6 2000-04-07 18 Male 75 108 MultiplePerYear 28 76 3 EveryDay LessThan5h 102 Entre 18 et 25 ans Baccalauréat ou équivalent Étudiant null null Avoir la possibilité de faire déroulé les cartes pour les avoir plus en face de soi

7 1994-03-28 24 Male 59 77 MultiplePerYear 92 65 6 Never None 67 Entre 18 et 25 ans Baccalauréat ou équivalent Étudiant null null null

8 1997-05-27 21 Male 26 35 1To3PerYear 74 39 4 Never None 84 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Étudiant null null null

9 2000-01-02 19 Female 12 12 1To3PerYear 87 14 5 Never None 105 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Étudiant null null null

10 1997-05-16 21 Male 24 31 1To3PerYear 17 26 15 SomePerYear LessThan5h 87 Entre 18 et 25 ans Baccalauréat ou équivalent Étudiant null null null

11 2000-03-17 19 Male 32 58 1To3PerYear 33 40 4 SomePerYear None 105 Entre 18 et 25 ans Baccalauréat ou équivalent Étudiant beaucoup moins pratique car on doit changé souvent de carte pour pouvoir toutes les comparés null très pratique car elles permet de comparés très rapidement les carte entre elles

12 1973-05-21 45 Male 107 105 MultiplePerWeek 82 104 5 Never Between6hAnd20h 80 Entre 36 et 45 ans Doctorat Profession libérale, cadre, profession intellectuelle supérieure L'avantage est d'avoir une surface de visualisation plus élevée. L'inconvénient est la non possibilité de comparer facilement. Bonne vision globale de l'ensemble des données, en ayant juste à tourner la tête pour focaliser sur une vue particulière, mais en perdant un peu de surface de visualisation. J'ai été gêné par les angles différents entre les cartes, peu clair.

13 1997-11-18 21 Male 63 96 MultiplePerWeek 91 95 2 SomePerYear None 93 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Étudiant interactif, on peut se focaliser plus facilement sur les zones bonne lisibilité, claire trop éloigné des cartes, manque de clarté

14 1995-06-09 23 Female 80 66 1To3PerYear 102 93 10 SomePerMonth LessThan5h 100 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Étudiant Plus lisible que les autres mais moins bien pour la comparaison des cartes entre elles. Pratique pour la comparaison et assez lisible. Très pratique pour bien situer l'endroit mais moins lisible que les autres. 

15 1992-11-17 26 Male 30 51 MultiplePerYear 41 59 4 EveryDay MoreThan20h 70 Entre 26 et 35 ans Etudes supérieures (licence, maîtrise, master…) Étudiant null null Je pense que le système à du potentiel mais le fait que l'angle de chaque carte était différent rendait la lecture assez compliquer car le passage de perception d'une carte à l'autre ne me paraissait pas naturelle. De plus avec une pile de carte, le fait de rester assis me déranger j'avais envie de pouvoir me déplacer physiquement pour pouvoir observer différent angle. Je pense que cela est du au fait que la représentation est 3D alors que les deux autres sont simplement le fait de regarder en un écran 2D.

16 1996-02-12 23 Female 60 85 1To3PerYear 62 84 5 Never LessThan5h 91 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Étudiant Bon système car permet de bien analyser chaque couche une par une, mais moins pratique pour les comparer entre elles. Système le plus pratique car il propose une vue d'ensemble de toutes les couches en même temps. Plus pratique pour les comparer entre elles. Système moins pratique que la grille de carte.

17 1997-04-28 21 Female 62 92 MultiplePerMonth 80 68 15 SomePerYear None 108 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Étudiant null mieux que la commutation, mais mouvement de tête nécessaire (pas tout dans le champs de vision) donc plus complexe que le verticale qui reste le meilleure selon moi le plus simple pour faire son choix,

18 1997-03-18 22 Female 82 83 MultiplePerMonth 57 79 3 Never None 108 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Étudiant null null Lecture difficile de la dernière carte (la plus inférieure)

19 1998-06-30 20 Female 54 61 1To3PerYear 68 59 24 SomePerWeek None 92 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Étudiant null null null

20 1999-06-12 19 Male 91 91 MultiplePerMonth 88 28 5 SomePerMonth None 108 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Étudiant Elle est bien car on a vu général, elle est grande. Mais on passe plus de temps sur cette carte là pour choisir le candidat que sur la grille de carte. Cette carte est top. C'est la meilleure ! Pour pointer la dernière carte en bas, si on est assis sur une table comme moi aujourd'hui on ne peut pas ... On doit pointer sur la carte tout en haut et bouger pour arriver là où on veut sur la carte du bas et comparé avec les autres cartes. \nDe plus on voit pas tout donc on est obligé de bouger à chaque fois. 

21 1981-03-10 38 Female 88 93 MultiplePerMonth 100 65 2 SomePerYear LessThan5h 88 Entre 36 et 45 ans Etudes supérieures (licence, maîtrise, master…) Employé Ne permet pas de visualiser plusieurs choses en même temps. Plus long à manipuler car il faut aller sans cesse de carte en carte. null null

22 1988-12-02 30 Male 97 91 MultiplePerWeek 88 105 10 SomePerYear LessThan5h 81 Entre 26 et 35 ans Etudes supérieures (licence, maîtrise, master…) Encadrement et techniciens null null null

23 1993-12-30 25 Male 105 94 MultiplePerMonth 60 69 3 Never LessThan5h 104 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Sans activité professionelle Have to switch to other view for comparison Less coverage of eye due to large flat grid A bit more vertical might make it more appealing

24 1999-04-29 19 Female 38 57 1To3PerYear 74 60 15 SomePerMonth LessThan5h 82 Entre 18 et 25 ans Baccalauréat ou équivalent Étudiant c'est plus  simple pour se reperer zoomer et se déplacer c'est bien car on a les cartes partout en meme temps donc on visualise directement mais notre regard est un peu attiré par les 4 en meme temps. c'est plutot une bonne idée mais personnellement ça m'a un peu perdue

26 2000-04-07 18 Male 70 72 MultiplePerYear 38 36 4 SomePerMonth None 102 Entre 18 et 25 ans Baccalauréat ou équivalent Étudiant Il serait intéressant d'avoir la possibilité de superposer ou comparer 2 cartes à la fois pour garder une grande taille de carte mais en étant plus efficace dans la comparaison Il serait intéressant de pouvoir davantage zoomer sur les cartes étant donné qu'elles sont de taille réduite car certains logos sont difficilement identifiables La carte du bas était moins facile à utiliser que celles du dessus car elle était encore plus petite et paraissait loin 

27 1998-01-20 21 Male 66 76 MultiplePerYear 71 78 7 Never LessThan5h 95 Entre 18 et 25 ans Etudes supérieures (licence, maîtrise, master…) Étudiant Moins intuitif pour moi, difficulté d'etudier tous les paramètres en meme temps Le plus agreable selon moi null
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Ranking vs System
Bradley-Terry Scores and Confidence Intervals

Raw Bradley-Terry Scores and Confidence Intervals

Ranking
Readability Ease of Use Visual Design

Blit Grid Stack Blit Grid Stack Blit Grid Stack

b -1.8099 -0.6442 -1.1434 -2.1264 -0.7427 -1.0862 -1.5704 -1.1992 -0.8281

ci 0.5150 0.2870 0.4062 0.5692 0.3004 0.3889 0.4460 0.3852 0.3059
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Friedman's test of preferences — rankings transformed to scores 1–3 (worst–best)

Values from systems ranked by: Readability Ease of Use Visual Design

mean error mean error mean error

Mean rank-sum 
values

Blit 1.5769 0.1923 1.4615 0.1961 1.7308 0.1961

Grid 2.3846 0.1923 2.3846 0.1961 2 0.1961

Stack 2.0385 0.1923 2.1538 0.1961 2.2692 0.1961

Friedman's 
ANOVA values

!2 8.88 12 8.88

p 0.0118 0.0025 0.1519
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Friedman of Completion Times — grouped by people who ranked X system the best in terms of readability, and in total

Values from people preferred the readability of system: Blit Grid Stack Total

mean error mean error mean error mean error

Multiple Comparisons

Blit 4.8571 1.0351 4.7 0.866 5.5926 0.9129 5.1667 0.5371

Grid 5.2857 1.0351 5.6 0.866 4.5926 0.9129 5.1538 0.5371

Stack 4.8571 1.0351 4.7 0.866 4.8148 0.9129 4.6795 0.5371

Friedman
!2 0.3429 2.1600 1.9852 1.6034

p 0.8425 0.3396 0.3706 0.4486
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Total

1
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4

5.5

7
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Friedman's test of  number of gaze changes, grouped by people who ranked X system the best in terms of readability, and in total

Values from people preferred the readability of system: Blit Grid Stack Total

mean error mean error mean error mean error

Mean rank-sum values

Blit 2.881 1.0345 3.1667 0.8628 2.5556 0.9103 2.8333 0.5361

Grid 5.2857 1.0345 5.6333 0.8628 5.463 0.9103 5.4551 0.5361

Stack 6.8333 1.0345 6.2 0.8628 6.9815 0.9103 6.7115 0.5361

Friedman's ANOVA values
!2 22.2392 20.9661 36.6207 81.7563

p 1.4819E-05 2.8007E-05 1.1166E-08 1.7654E-18
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Grouped by preferred system (color)
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Blit Grid Stack Total

Table 1

   Scenario      est 1      lci 1     uci 1      est 2      lci 2     uci 2     est 3      lci 3     uci 3

1 1 0.5 0.15384615 0.2178032 0.03846154 0.03846154 0.2178032 0.4615385 0.15384615 0.2178032

2 2 0.11538462 0.11538462 0.2236706 0.46153846 0.15384615 0.2236706 0.4230769 0.15384615 0.2236706

3 3 0.23076923 0.15384615 0.2231149 0.5 0.15384615 0.2231149 0.2692308 0.15384615 0.2231149

4 4 0.26923077 0.15384615 0.2177157 0.53846154 0.15384615 0.2177157 0.1923077 0.15384615 0.2177157

5 5 0.03846154 0.03846154 0.1253629 0.07692308 0.07692308 0.1253629 0.8846154 0.07692308 0.1153846

6 6 0.23076923 0.15384615 0.2176942 0.23076923 0.15384615 0.2176942 0.5384615 0.15384615 0.2176942

7 7 0.69230769 0.15384615 0.173906 0.03846154 0.03846154 0.173906 0.2692308 0.15384615 0.173906

8 8 0.19230769 0.15384615 0.2262157 0.34615385 0.15384615 0.2262157 0.4615385 0.15384615 0.2262157

9 9 0.11538462 0.11538462 0.1708552 0.11538462 0.11538462 0.1708552 0.7692308 0.11538462 0.1708552

10 10 0 0 0.1541497 0.26923077 0.15384615 0.1541497 0.7307692 0.15384615 0.1541497

11 11 0.57692308 0.15384615 0.2109237 0.07692308 0.07692308 0.2109237 0.3461538 0.15384615 0.2109237

12 12 0.23076923 0.15384615 0.229016 0.42307692 0.15384615 0.229016 0.3461538 0.15384615 0.229016
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Table 1-1

   Scenario Zone 1 Zone 2 Zone 3

1 1 13 1 12

2 2 3 12 11

3 3 6 13 7

4 4 7 14 5

5 5 1 2 23

6 6 6 6 14

7 7 18 1 7

8 8 5 9 12

9 9 3 3 20

10 10 0 7 19

11 11 15 2 9

12 12 6 11 9

Age

Answer Participants
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Experiment: First Results — Oculometry
Search behavior very different between users 

‣ Avenues for further exploration?
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Experiment & First Results — Choices
Results from the tasks also interesting to urbanism research
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With these techniques, multi-perspective views can visually emphasize or 
clarify an area of interest while retaining or extending its surrounding area, 
achieving an effective information transfer (Keahey, 1998). Furthermore, 
they utilize the available screen real estate to a high degree. Their charac-
teristics make multi-perspective views a tool for focus & context visualiza-
tion. Well-known examples include fisheye maps, which emphasize im-
portant information by magnification, or spherical maps, which add 
context information by non-uniformly integrating a full 360° view.  

1.1 Multi-Perspective Views for Maps 

Multi-perspective views have been developed particularly in landscape de-
piction and Cartography. Chinese landscape painters used multi-
perspective views in the 11th century already (Vallance and Calder, 2001). 

 

 
Fig. 2. Painting of Venice, Italy (about 1550) (Whitfield, 2005). It exhibits a pano-
ramic effect and includes labels 

Another example, a 360° panorama view of the London skyline consisting 
of six separate paintings, was created in the late 18th century. The incorpo-
ration of cartographic information yields panorama maps. Fig. 2 shows an 
early example of Venice, Italy (about 1550). H.C. Berann, an Austrian art-
ist and panorama maker, pioneered one particular kind of panorama map. 
Beginning in the early 1930’s he created a deformation and painting style 
(Fig. 1(a)), known as “Berann panorama”, which became the de-facto 
standard for tourist maps in recreational areas. This style seamlessly com-
bines a highly detailed image of the area of interest with a depiction of the 
horizon including major landmarks. The area of interest is shown in the 
foreground from a high viewpoint, whereas the horizon is shown in the 

Challenge 2: Immersion, Focus + Context
• Urban visualization mostly uses top-down, 

planar views 

• Desire exists to move to more immediate 
views for better urban immersion 

‣ Requires a detailed view of a focussed 
area and an overview of the surrounding 
context 

• Existing solutions to combine both: 

‣ Superposition of multiple views (minimap) 

‣ Transformation of one view to show both 
(deformation) From Multi-Multi-Perspective 3D Panoramas, 

Pasewaldt et. al., 2014
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Immersion, Focus + Context: Space for Research
• Focus on data visualization 

• Maintain urban legibility 

‣ No deformation of the city’s geometry 

• Utilize advantages of immersive environments 

‣ Large field of view offers more visual space for context 

• Transitions between top-down and immersive views

17



Immersion, Focus + Context: Our Research
• Urban DataSphere Prototype 

‣ Separates data from geometry; 
transforms data and keeps city shape 
intact 

‣ Uses spherical (stereographic) projection 
for legible deformation in all directions 

‣ Projects data or the city’s geometry on 
the sky, which is usually unused otherwise 

‣ Projection properties allow for smooth 
transition between planar and immersive 
view

radiu
s

intersection height  h original points 
(X,Y) on plane

top-down view

enveloped view

unmodified data

projected points 
(x,y,z) on spherefocused point
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Immersion, Focus + Context: Our Research
• Urban DataSphere Prototype 

‣ Separates data from geometry; 
transforms data and keeps city shape 
intact 

‣ Uses spherical (stereographic) projection 
for legible deformation in all directions 

‣ Projects data or the city’s geometry on 
the sky, which is usually unused otherwise 

‣ Projection properties allow for smooth 
transition between planar and immersive 
view

radiu
s

intersection height  h original points 
(X,Y) on plane

top-down view

enveloped view

unmodified data

projected points 
(x,y,z) on spherefocused point
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Urban DataSphere Prototype
Merging Focus & Context

20



Urban DataSphere Prototype
Transitions between planar and immersive views

21



Urban DataSphere Prototype
Engaging, interesting… what’s next? 

Looking for applications!
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Thanks for your attention!
Any questions?
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