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1. Introduction

Urban design qualities such as the enclosure directly affect a person’s apprecia-

tion of a place (Ewing and Handy, 2009). Recently, with prevalence of Street View
Imagery (SVI) data in environment auditing (Yin and Wang, 2016), computer vision
(CV) have been widely applied to extract streetscape features, making the large-
scale urban scene understanding possible (Yin et al., 2015). However, studies are
limited to the objective measures. Only the view index of individual features such
as tree and building are analysed, while the viewers’ overall perceptions are ignored.
Human perceptions have subtle relationships which cannot be fully represented by
individual view indices nor a simple combination of them (Ewing and Handy, 2009;
Lin and Moudon, 2010).
Conversely, the “subjective measure” which refers to evaluative scores collected
from surveys questions can capture more subtle relationships (Lin and Moudon,
2010). It is more user centered (Naik et al., 2014, 2014), although the definitions of
perceptual qualities are inconsistent across studies (Ewing and Handy, 2009). How-
ever, few studies have addressed subjective measures’ effectiveness in capturing
more subtle perceptions using SVI data.

To bridge the gap, we took Shanghai as an example and applies CV and ML to
subjectively measure four perceptual qualities, namely the enclosure, human scale,
complexity, and imageability. These perceptions have been identified important
in affecting pedestrians’ behaviors, residences’ mode choices, and home buyers’
willingness to pay (Ma et al., 2021). Our work enriches subjectively-measured ur-
ban perception studies. It is also the first cross-study for global cities. Urban renewal
implications are derived for policymakers based on the global comparison. Further-
more, we contribute to future studies by proposing a framework integrating Al ap-
plications with classical urban measurement frameworks.

2. Literature Review

2.1 Objective and Subjective Measures

Street environment significantly affects people’s appreciation of a place, as well
as residence’s physical activities, mode choice, and willingness to pay (Ewing and
Cervero, 2010). Street qualities have been mostly measured using objective quanti-
ties such as building height, street width, and number of trees (Cervero and
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3.2 Calculating subjective qualities

3.1.1 Downloading Baidu SVIs

SVIs were downloaded from Baidu Street View Static API with consistent cam-
era settings. The ‘heading’ was set using the street angle; image size was 600x300
pixels. The FOV (the horizontal field of view) was 120 degrees. The ‘pitch’ which
specifies the up or down angle of the camera was 0 degree. To ensure our training
images would cover most urban area types, 300 images were randomly sampled
across Shanghai region (Fig. 2).

Fig. 2 Downloading Baidu SVIs (a) A typical SVI downloaded for this study. (b) The camera
settings were controlled by “heading”, “FOV”, “pitch” and “resolution”. (c) SVI Training Samples.

3.1.2 Collecting public perceptions as training labels

To collect people’s preferences on street scenes as the training labels, we devel-
oped an online questionnaire platform where people can select the image preferred
in pairwise comparisons regarding the four perceptual qualities (Fig. 3a). During a
one-week period, we collected 3,120 valid entries from 23 volunteers who are
mostly architecture students in Shanghai. In average, an image was compared to 10
other images, which is sufficient to lead the results converge (Naik & et al, 2014).

These preferences were then translated to ranked scores with TrueSkill Algo-
rithm (Microsoft, 2005) which has also been applied to rank perceived safety (Naik
et al., 2014). The ranked scores were normalized into 0-10 scale. People seemed to
favor streetscapes with less sky exposure, more trees, and more pedestrians (Fig.
3b). These 300 labelled images become our training data.


















