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Bl About the journal

» Sustainable Cities and Society (SCS) is an international journal focusing on

fundamental and applied research aimed at designing, understanding, and

promoting environmentally sustainable and socially resilient cities.
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Bl About the journal

1. Smart cities and resilient environments;

2. Alternative/clean energy sources, energy distribution, distributed energy generation, and energy demand
reduction/management;

3. Monitoring and improving air quality in built environment and cities (e.g., healthy built environment and air quality
management);

4. Energy efficient, low/zero carbon, and green buildings/communities;

5. Climate change mitigation and adaptation in urban environments;

6. Green infrastructure and BMPs;

7. Environmental Footprint accounting and management;

8. Urban agriculture and forestry;

9. ICT, smart grid and intelligent infrastructure;

10. Urban design/planning, regulations, legislation, certification, economics, and policy;

11. Social aspects, impacts and resiliency of cities;

12. Behavior monitoring, analysis and change within urban communities;

13. Health monitoring and improvement;

14. Nexus issues related to sustainable cities and societies;

15. Smart city governance;

16. Decision Support Systems for trade-off and uncertainty analysis for improved management of cities and society;

18. Critical infrastructure protection, including security, privacy, forensics, and reliability issues of cyber-physical systems.

19. Water footprint reduction and urban water distribution, harvesting, treatment, reuse and management;
20. Waste reduction and recycling;
21. Wastewater collection, treatment and recycling;

22. Smart, clean and healthy transportation systems and infrastructure;
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Bl List of abbreviations

Abbreviation

CNN Convolutional Neural Networks

DCNN Deep Convolutional Neural Networks

GIS Geographical Information System
MOT Mutiple Object Tracking

Point of Interest

Street View Image
Visual Walkability Perception

VWP classification deep multitask learning

<
7o)

Virtual Reality
VRVWPR VR Visual Walkability Perceptual Ratings

Grad-CAM gradient-weighted class activation mapping
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I Abstract

ABSTRACT

Measuring perceptions of visual walkability in urban streets and exploring the associations between the visual
features of the street built environment that make walking attractive to humans are both theoretically and
practically important. Previous studies have used either environmental audits and subjective evaluations that
have limitations in terms of cost, time, and measurement scale, or computer-aided audits based on natural street
view images (SVIs) but with gaps in real perception. In this study, a virtual reality panoramic image-based deep
learning framework is proposed for measuring Visum perception (VWP) and then quantifying and
visualizing the contributing visual features. A VWP classification deep multitask learning (VWPCL) model was
first developed and trained on human ratings of panoramic SVIs in virtual reality to predict VWP in six cate-

gories. Second, a regression model was used to determine the degree of correlation of various objects with one of
the six VWP categories based on semantic segmentation. Furthermore, an interpretable deep learning model was
used to assist in identifying and visualizing elements that contribute to VWP. The experiment validated the
accuracy of the VWPCL model for predicting VWP. The results represent a further step in understanding the

interplay of VWP and street-level semantics and features.
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Abstract

« Measuring perceptions of visual walkability in urban streets and
exploring the associations between the visual features of the street
built environment that make walking attractive to humans are both
theoretically and practically important.
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Abstract

* Previous studies have used either environmental audits and
subjective evaluations that have limitations in terms of cost, time,
and measurement scale, or computer-aided audits based on natural
street view images (SVIs) but with gaps in real perception.
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Abstract

« In this study, a virtual reality panoramic image-based deep learning
framework is proposed for measuring visual walkability perception
(VWP) and then quantifying and visualizing the contributing visual

features.
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Abstract

« A VWP classification deep multitask learning (VWPCL) model was first
developed and trained on human ratings of panoramic SVIs in virtual
reality to predict VWP in six categories. Second, a regression model was
used to determine the degree of correlation of various objects with one of
the six VWP categories based on semantic segmentation. Furthermore, an
interpretable deep learning model was used to assist in identifying and
visualizing elements that contribute to VWP.
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Abstract

« The experiment validated the accuracy of the VWPCL model for
predicting VWP. The results represent a further step in understanding
the interplay of VWP and street-level semantics and features.
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B BEli%45% image classification

Evaluation of perceived Walkability of Urban Streets (walking willingness scoring)
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15X 52El semantic segmentation
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B TR I ESE interpretable artificial intelligence

Grad-CAM for “Cat" Grad-CAM for "Dog"
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L _Jﬁﬁq:AIE’ interpretable artificial intelligence

Low score | | Medium score | | High score | | Low score | | Medium score | | High score |

Comfort Pleasurability

Figure Examples of Grad-CAM results for six-category VWP classification.
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Il Highlights & Keywords

ARTICLE INFO

Keywords:

Visual walkability perception (VWP)
Panoramic street view images
Virtual reality

Deep learning

Built environment
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Highlights

Six categories of visual walkability perception (VWP) were proposed.
VWP was measured with VR panoramic-based deep learning framework.
A VWP classification deep multitask learning model was developed.
Stepwise regression analysis identified contributing visual elements.

VWP was interpreted with gradient-weighted class activation mapping.
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Bl Manuscript Structure
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