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Bl Designing effective scientific presentation

Designing effective scientific presentations:
using PowerPoint and structuring your talk

Susan K. McConnell, Ph.D.

Department of Biology
Stanford University
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Bl Presentation example of a paper

Sustainable Cities and Society 86 (2022) 104140

Contents lists available at ScienceDirect

Sustainable Cities
and Society

Sustainable Cities and Society

journal homepage: www.elsevier.com/locate/scs

Measuring visual walkability perception using panoramic street view pdates
images, virtual reality, and deep learning

Yungin Li, Nobuyoshi Yabuki , Tomohiro Fukuda

Division of Sustainable Energy and Environmental Engineering, Graduate School of Engineering, Osaka University, Japan
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Overview

Research objectives:

propose a VR-based pairwise comparison approach for VWP scoring in six categories, namely,

walkability, feasibility, accessibility, safety, comfort, and pleasurability.
design a VWP classification deep multitask learning (VWPCL) model with a tailored dataset.

use a stepwise multiple linear regression model to analyze the relationship between object

ratios and VWP scores obtained by semantic segmentation of panoramic SVIs from a

macroscale perspective.

visualize the objects contributing to the VWP evaluation using interpretable deep learning

from a microscale perspective.

validate the effectiveness of the VWPCL model and its interpretable deep learning results.
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1 Materials and method (1/8)

Panoramic
SVis

SVI analysis

Spherical
panoramic
SVis

VWP scoring and classification

VR-based pairwise

comparison

calculated by

Walkability
Feasibility
Accessibility
Safety
Comfort

Pleasurability

Which place looks more
walkable?

trained raters

transformed
from PMV
scores

Image classification

predicted by

VWPCL model

DCNN

STEP 1: VWP evaluation and prediction

Field survey VWP classification
data verification
Ql{estlon- »|  Grad-CAM verification
naire data

STEP 3: Method verification

FEXFARERE (RUINE) | FBIF

Correlation
analysis

Multiple linear
regression model

Interpretable
deep learning

Model:
Grad-CAM

compare

STEP 2: Interpreting VWP

Inferred PVW
mapping

1
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On-site VWP
mapping

Corresponding
contributed
objects of SVIs

Figure 1 Framework of the study.
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- 1 Materials and method (2/8)

« VR panoramic SVI-based and VRVWPR dataset

« VR Visual Walkability Perceptual Rating (VRVWPR) dataset containing 2642 panoramic SVIs
with VR-based human VWP ratings of urban streets.

Collection of panoramic street view image Sphere mapping Random pairwise comparisons based on VR

Street view services Game engine Database HMD dewces

«*”"ﬁﬁ: » ‘
[ l

|
S

Two spherical
panoramic SVIs
Panoramic street view image Spherical panoramic SVI 360° SVI visualization
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Figure 2 Workflow of the VRVWPR dataset construction.
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1 Materials and method (3/8)
* VR panoramic SVI-based and VRVWPR dataset

Switch

\'
S

At

Field of view examples of users Field of view examples of users

Which place looks more walkable?

Which place looks more walkable?

Which place looks more feasible for walking?
Which place looks more accessible for walking?
Which place looks safer for walking?
Which place looks more comfortable for walking?
Which place looks more pleasurable for walking?
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1 Materials and method (4/8)

* VR panoramic SVI-based and VRVWPR dataset

Includes visual factors such as

* Diversity and complexity of streetscape
* Liveliness (activity level)

* Architectural coherence and scale

* Aesthetic appeal

* Streetscape greenery

Includes visual factors such as

* Urban design amenities

* Width of the street/sidewalk

» Street furniture, arcades, canopies,
water fountains, etc.

. Safety
Includes visual factors such as

* The pattern, quantity, quality, variety and ‘*_ Accessibility
proximity of activities present

\ * Types of land uses

Includes visual factors such as

* Presence of graffiti, litter, abandoned
buildings, etc.

* Pedestrian and cyclist infrastructure

* Traffic calming features

* Vehicle

Includes visual factors such as

* Walking-related infrastructure
* Completeness of sidewalk network

Feasibility

* Facilities density

<
A

e Barriers
¢ Dead-end streets
¢ Restricted access

Figure 4 Visual factors in the hierarchy of walking needs /4
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* Services diversity
¢ Distance to services
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1 Materials and method (5/8)

* VR panoramic SVI-based and VRVWPR dataset

Walkability Walkability Walkability Walkability
10 10 10 10
8 8 8 8
Pleasurability 2 Feasibility ~ Pleasurability 2 Feasibility Pleasurability 5 Feasibility ~ Pleasurability 5 Feasibility
U
Comfort Accessibility Comfort Accessibility Comfort Accessibility Comfort Accessibility
Safety Safety Safety Safety

Figure 5 Image samples from the VRVWPR dataset with their perceptual score of the six categories.

|| #Walkable | #Feasibility | #Accessibilit #Pleasurabilit
742 4 542 72

702 660 08 6
914 664 1054 980 1186 1072

1026 1318 846 1254 914 898

Table 2 Image classification statistics of the VRVWPR dataset in six categories (H: high

score; M: medium score; L: low score) e
‘% = k '22’ Intelligent Urban
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1 Materials and method (6/8)

« VWP evaluation and prediction

! I Y N
Walkability 5.1 \ i Score <=3 L Low score : M
* 1
Feasibility 7.8 | . | H
Accessibility 6.8 i 3 <Score<7 M Medium score i M
1
Safety a4 | Score>=7 H'' Highscore ! v
Comfort 35 N | M
Pleasurability 2.2 = === ==mssss s s s s s s s s > L
) \ )
Input panoramic images Score: Visual walkability perception Score transformation Label
DenseNet-169 DCNN model
Six classifiers connected with deep feature for six tasks g
Deep feature
v VL v v v v
Classifier_1 Classifier_2 Classifier_3 Classifier_4 Classifier_5 Classifier_6
| i i i i i
v v v \4 \ 4 v
Walkability Feasibility Accessibility Safety Comfort Pleasurability
L M H L M L M H L M H L M H M H
Figure 6 Workflow of the developed VWPCL model.
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5.1 Materials and method (7/8)

« Interpreting VWP

Correlation analysis between object ratio of SVIs and VWP scores

Visual walkability perception score

Walkable 5.1
Feasibility 6.8
Accessiblity 7.2
Safety 3.4
Comfort 3.5
Pleasurability 4.2

l

; ; Multiple linear Correlati Ivsi
Semantic segmentation orrelation analysis
HElil i regression model

Objects ratio (panoramic view)
Road VESER Sidewalk [ORECI Building [UUZZN wall [
NN 0.0046 | 0.2155

0.0497 \EEEs e 0.2514

Car 0.0040 Truck 0.0004 0.0027 0.0028

== ]
0.0002 0.0001

Motocycle KoXe[o]op] Bicycle 0.0012 WM[[E¢ 0.0010

0.0064 Person 0.0049

and VWP scores.
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1 Materials and method (8/8)

« Interpreting VWP

Interpretable deep learning for VWP results

Grad-CAM: a classical class activation mapping method that combines

gradient information with feature mapping for gradient weighting.

Structure visualization

—>  CNN_walkable —> M
—>  CNN_feasiblity =—> H
—> CNN_accessiblity =—> M
— CNN_safety — M
— CNN_comfort —_ M
Input: panoramic images > CNN_pleasurablity —> L Grad-CAM

(Activation heatmap)
Output

Figure 8 Workflow of interpretable deep learning for VWP results
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2 Experiment and results (1/6)

« VWP evaluation and prediction results

The model achieved an overall accuracy of 85.4% for the VWP

classification in the six categories.

(a) High score (b) Medium score (c) Low score

Figure 9 Image samples from Osaka that were predicted to have (a) high scores, (b) medium

scores, and (c) low scores for VWP.
LAB
Intelligent Urban
. . Collective
NanChang University Environment Lab
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True Label

True Label

2 Experiment and results (2/6)

« The classification results of the VWPCL model based on the
VRVWPR dataset

True Label
True Label

0.1 ; ; | 01 0.1
H M L
Predicted Label Predicted Label Predicted Label
(a) Walkability (b) Feasibility (c) Accessibility

True Label

True Label

" " " Figure 10 Normalized confusion matrices for six

o1 o1 o1 classification tasks: (a) walkability, (b) feasibility, (c)
Predicted Label Predicted Label Predicted Label aCCGSSibility, (d) Safety’ (e) Comert, and (f) pleasurabi“ty'
(d) Safety (e) Comfort (f) Pleasurability

a8 K F

NanChang University
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Variables in the Stepwise Regression Model

2 Experiment and results (3/6)
* Results of VWP interpretation

Factor identification results of correlation analysis

Walkability Feasibility
Vegetation 0.412%** Terrain 0.163***
Sidewalk 0.277*** Traffic light 0.138** I
Terrain 0.182%** EEEE—— Person 0.132%> —
Road 0.118*** I Sidewalk 0.104*** I
Person 0.093*** I Traffic sign 0.093%** EE——
Bicycle 0.074*** I Sky [ -0.103***
Truck e -0.081 % ** Truck I -0.146%**
Sky P -0.131%** Pole P -0.170% **
Pole I -0.135%** Fence I -0.394**
-0.2 -0.1 o 0.1 0.2 0.3 0.4 0.5 -0.5 -0.4 -0.3 -0.2 -0.1 o 0.1 0.2
Accessibility Safety
Vegetation 0,344 * * Vegetation 0.571%**
G i B FEE
sidewalk 0.318*** I Sidewalk 0.278
R Terrain 0.245*** I
Terrain 0.248*** II—
Road 0.133*** I
Road 0.247*** I
Traffic light 0.125*** I
Traffic sign s I
& 0-155 Traffic sign 0.085** mm——
— *ok
Sky 0.074 Wall 0.075**
Truck P -0.112%** Motorcycle mEE -0.049%*
Rider I -0.122%** Truck e -0.147***
-0.3 -0.2 -0.1 o 0.1 0.2 0.3 0.4 -0.2 -0.1 o 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Comfort Pleasurability
Vegetation 0,334 I — Vegetation 0.5 32
Sidewalk 0.218*** I
Sidewalk 0.261*** I
Terrain 0.180*** I
i I
Road 0.070** mmm—— Terrain 0.182
Traffic sign 0.062** mm—— Road 0.176***
Fence s -0.055*
Bicycle 0.124** N
Pole s -0.069%**
o+« [
Truck e -0.082** Person 0.085
Sky e -0.106%* pole ) g
-0.2 -0.1 o 0.1 0.2 0.3 0.4 -0.3 -0.2 -0.1 o 0.1 0.2 0.3 0.4 0.5 0.6

Standardized Beta Coefficient (*p<0.1, **p<0.05, ***p<0.001)
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Figure 11 Results of the stepwise multiple
regression analysis between the physical
components and perception scores.
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2 Experiment and results (4/6)

* Results of VWP interpretation

Interpretable results for VWP using Grad-CAM

Low score Medium score High score

‘ Low score ‘ ‘ Medium score ‘ ‘ High score ‘

Comfort

Pleasurability

FMEAFARERE (TIINE) | FEE,
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Figure 12 Examples of Grad-CAM results for six-
category VWP classification.
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- 2 Experiment and results (5/6)

 Method verification results

VWP classification verification based on on-site auditing

:
b 3
N A =2\ )
.I’r:.;.
N s . :':. H N o H
Walkability
::‘;‘ : ) : ~ARg \ .';'.’?: \
e Foar W
e s R g s
SASRY e ‘ .:-...:!“.... e 4 i i .
------------- : ot ST A 1 it i Figure 14 Mapping the predicted results of on-
T A e s % 4 vk, s e \ e s Bl 3o . oy . :
e, it SR e e 2 R ol 2 A s, ¥ naie TR Ui site verification area for VWP using VWPCL

"‘A 3 i p i " &/ £ i g e model in six categories
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2 Experiment and results (6/6)

« Method verification results

Grad-CAM verification: questionnaires for identifying contributing objects
Questionnaire: 20 volunteers for 50 sampled SVIs as a benchmark for the Grad-CAM activation map results.

For a VWP category in an SVI, the Grad-CAM validation results of this SVI were respectively recorded as fully
consistent, partially consistent, and fully inconsistent if greater than 80%, between 20% and 80%, and less than

20% of volunteers perceived the contributing streetscape elements to be consistent with the activation map.

Table 6 Statistical results of 50 images for Grad-CAM verification

VWP category

Walkabilit

Pleasurabilit

Contributing objects in the questionnaires and activated areas in the

No. totally consistent

31 (62%)
24 (48%)
27 (54%)
28 (56%)
34 (68%)
38 (76%)

FEEAFARLEIRRE (BUSNEY |, =892 |, liyungin@ncu.edu.cn
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activation heat map

No. partially consistent No. totally

consistent
Walkability 31 (62%)
Feasibility 24 (48%)
Accessibility 27 (54%)
Safety 28 (56%)
Comfort 34 (68%)
Pleasurability 38 (76%)
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- 3 Discussion

« This is a new paradigm for observing, perceiving, auditing, and understanding the street-built

environment and subjective perceptions based on the big data of panoramic SVIs.

« Compared to browser-based evaluation, immersive VR visualization helped raters make
evaluations that were close to their real on-site perceptions. In addition, the VR panorama-
based audit also solved the scoring bias of the natural SVIs based on different views of the

same location with more consistent results.
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4 Summary

This research employed a quantitative VR panorama-based approach to measuring human
perceptions of the visual walkability of the street-built environments at scale in an automated,

efficient, and accurate manner.

The results of the study support the theory and practice of street walkability-oriented

neighborhood design.

This chapter also demonstrated the reliability of using VR panoramic SVIs and machine learning
methods to understand the visual walkability value of how people perceive the physical

environment of places.

It can help researchers understand the impact of potential streetscape element features on
VWP and also provides a basis for humanizing and quantifying research on the built

environment of streets with a view toward walkability and the construction of smart cities.
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