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Figure 2a. Citywide spatial
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heatmap of Green View Index (GVI)*
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* Each road segment is color-coded by the average Green View Index (GVI), defined as the proportion of pixels classified as “Green Space” within the visible street-view frame.

Higher values indicate greater presence of in the GVI

is d at 25-m road lution across the entire street network of Isfahan.
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Figure 2b. Boxplot of Effective Path Width (EPW) stratified by municipal district
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Figure 2b. Boxplot of Effective Path Width (EPW) stratified by municipal district®
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* EPW (m) represents the minimum unobstructed walking width after removing fixed obstacles and on-street parking. The red dashed line indicates the recommended

accessibility threshold of 1.5 m for two-wheelchair passing (Welle et al., 2020).

Figure 3. 2D UMAP projection of DINO SSL features, color-coded by district and annotated with emergent cluster archetypes

10 -
5
P Den oeic fah
| Narrow streets, attached L
L & e
buildings, limited greenery. B y
= i
=} !
\
-5
“10 -
-10 -5

0
UMAP-1

Municipal district
@} District 1 (North)
©® District 2 (Northwest)
District 3 (West)
District 4 (Central)
District 5 (Southwest)
District 6 (South)
District 7 (Southeast)
District 8 (East)
District 9 (Northeast)
District 10 (Periphery)

LN NN N

UMAP details
DINOv2 (ViT-L/14) features
n_ncighbors = 30
min_dist = 0.1
Metric: ca

. . osine
5 10

Each point represents a street segment embedded by self-supervised DINO features. Spatially proximal and visually similar environments form semantically meaningful clusters.

Cluster archetypes are interpreted post hoc based on dominant visual characteristics.
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Figure 4. XGBoost feature importance plot (top 20 features), highlighting the
relative contribution of explicit vs. SSL-derived features
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2. Model performance summary
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Note: Feature importance is reported as average gain across all tree splits in the tuned XGBoost regressor. SSL-derived
features represent latent visual embeddings learned by DINQ, whereas explicit features are interpretable indicators derived

from semantic segmentation.
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Figure 4. XGBoost feature importance plot (top 20 features), highlighting the relative contribution
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Figure 5. Citywide map of the Automated Pedestrian Safety and Environmental Index (APSEI) for Isfahan®
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Figure 6. Spatial variation in local APSEI coefficients from the GWPR model
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Note: Darker blue values indicate more negative local coefficients and therefore a stronger protective effect of the
Automated Pedestrian Safety and Environmental Index (APSEI) on pedestrian crash frequency. Light gray hatched

units denote non-significant local coefficients (p >= 0.05).
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Figure 7. Bland—-Altman plot comparing APSEI scores and expert field-audit scores
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Note: The plot indicates strong agreement between the automated APSEI and expert field-audit scores,

with minimal systematic bias and acceptable 95% limits of agreement.
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1.APSEI: Automated Pedestrian Safety and
Environment Index

2. SVI: Street-View Imagery

3. SSL: Self-Supervised Learning

4. DINO: self-DIstillation with NO labels

5. ViT: Vision Transformer

6.GWPR: Geographically Weighted Poisson
Regression

7. ICC: Intraclass Correlation Coefficient

8. UMAP: Uniform Manifold Approximation
and Projection

9. mloU: mean Intersection over Union

10. AADT: Average Annual Daily Traffic
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ABSTRACT

Microscale characteristics of the built environment substantially influence pedestrian safety;
however, conventional field audits are costly, subjective, and difficult to implement at the city
scale. This study develops and validates a hybrid computer-vision framework for the automated
assessment of pedestrian safety using street-view imagery. The framework integrates semantic
segmentation for extracting explicit and interpretable environmental attributes with self-
supervised representation learning for capturing latent visual characteristics, including
pavement condition, spatial enclosure, material quality, and visual disorder. The empirical
analysis covers 368,500 street-view images collected from 92,125 georeferenced locations in
Isfahan, Iran. A fine-tuned SegFormer-B4 model was used to quantify eight safety-related
features, while a DINO-trained Vision Transformer generated contextual visual
representations. These feature streams were fused within an XGBoost regression model to
construct the Automated Pedestrian Safety and Environment Index (APSEI), using expert
field-audit scores from 500 stratified locations as ground truth. External validity was evaluated
against 3,212 geocoded pedestrian—vehicle crashes through geographically weighted Poisson
regression.

Keywords: Pedestrian Safety, Street-View Imagery, Semantic Segmentation, Self-Supervised
Learning, Geographically Weighted Poisson Regression
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