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Chinese Garden Atrium Space

SVI-Housing Price

SVI-Thermal Comfort

Activity Comfort

Window View

Upcoming Projects

How to quantify difference between traditional Chinese imperial and private gardens?

Key conclusion: Traditional Chinese imperial gardens differ from private gardens in their culture-based spatial configurations,
resulting in distinct interaction patterns and exploration experiences.
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Traditional Chinese Private Garden (TCPG) and mean normalized connectivity.

Spatial configuration metrics —explain—> Cultural and spatial differences between garden types

Yang, S., Yang, Y. (2022 Aug) Cultural impacts on traditional Chinese garden design: A configurational comparison between traditional Chinese imperial and private gardens using space syntax. In
Proceedings of the 13th International Space Syntax Symposium. Available at UCL Discovery: https://discovery.ucl.ac.uk/id/eprint/10154624/
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Activity Comfort Window View Upcoming Projects

Chinese Garden Atrium Space SVI-Housing Price SVI-Thermal Comfort

Does atrium space have special social impacts in multilevel buildings?

Key conclusion: Libraries featuring atrium spaces offer unique spatial configurations that enhance user engagement and
interaction with their functions.
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Library atrium space 3D spatial metrics + functions —correlate—> Social behaviour hotpots

Yang, S., & Psarra, S. (2022, May 21) The social impact of atrium space in multilevel buildings: An analysis of university libraries using space syntax. Available at SSRN:
https://ssrn.com/abstract=4249348
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How do streetscape perceptions impact house prices in multi-scale network?

Key conclusion: In the context of multi-scale urban morphology, subjective streetscape perceptions variably influence house
prices, with more pronounced impacts observed in smaller blocks.

Expert investigation
(Subjective perception questionaire)
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House condition + Streetscape perception + POl + Multi-scale network —modelling—> house prices

Yang, S., Krenz, K., Qiu, W., & Li, W. (2023). The Role of Subjective Perceptions and Objective Measurements of the Urban Environment in Explaining House Prices in Greater London: A Multi-Scale
Urban Morphology Analysis. ISPRS International Journal of Geo-Information, 12(6), 249.



physical interaction social interaction

sensory experience economic transaction
environmental impact cultural exchange
geospatial behavior digital connection
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Built Environment Urban Interaction Society

Human-centric Geo Al

Diverse data sources supported models

Urban-scale analytical framework

Centered on human behavioral activity patterns

How does built environment shape society?
How can computation be applied?
What insights for design & planning?
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Poor accessibility. Traffic congestion. High-density housing.

PhD Research Motivation: Urban comfort is no longer optional
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Urban Comfort
from Traditional Theory to the Digital Era
[

!

CARDEN-Cy7y

> Data-driven Representation

Utility and Aesthetics - > Physical Health =

------- > Social and Perceptual e Multi-dimensional

(Virtruvius, 1914) (Howard, 1898; Corbusier, 1935) (Jacobs, 1961; Gehl, 2011) (Quercia, 2015; Moreno, 2021)

NS

Perceptual Comfort ological édmfort

Perceptual Experience Microclimatic Condition Traffic Behaviour Quality of Life and Wellbeing
(Yao et al., 2019; Liu et al., 2023) (Gulyas et al., 2006) (Kellstedt et al., 2021) (Spokane et al., 2007)
' l Concept Unification l '
v

Urban comfort is a multidimensional concept —-> Unifying and quantifying it with projects
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: Deep Léaming Streetscape Pérception Model Multi-Objectivé Optimisation
Multi-dimensional Reinforcement Learning Activity Hotpot Detection Resource Allocation Priority

Large Language Model Spatial-Temporal Flow Prediction Data-driven Decision-making

B e 3

| | |
Urban Environment ' Statistical |~ Urban Comfort . Urban Planning
Data Representation Learning m T Optimisation
| 1

Street \/ie;/v Imagery Causal fnference Street Corlnfort Index
Remote Sensing Data Explainable Al Social Wellbeing Index Multi-dimensional
Geographic pomputation Model Di?gnostics Green Covgrage Index :

Methodology: Al-driven urban comfort assessment and optimisation.
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Thermal Comfort in Sight

Thermal Affordance and its Visual Assessment (VATA) for Sustainable Streetscape Design

Building and
Environment

Can SVI be an efficient way for thermal comfort evaluation?

Yang, S., Chong, A., Liu, P., & Biljecki, F. (2025). Thermal comfort in sight: Thermal affordance and its visual assessment for sustainable streetscape design. Building and Environment, 112569.
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Thermal Comfort in Sight

Visual Assessment Two-Stage Modelling In-Field Validation

Thermal Affordance —proxy—> Outdoor Thermal Comfort

Thermal Affordance

Visual Assessment Survey —alternative—> In-Field Comfort Survey
Modelling based on 500 SVIs

Scale-Up based on 92233 SVIs

For urban design, explicit thermal comfort modelling may not be strictly necessary.

Yang, S., Chong, A., Liu, P., & Biljecki, F. (2025). Thermal comfort in sight: Thermal affordance and its visual assessment for sustainable streetscape design. Building and Environment, 112569.
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Thermal Comfort in Sight
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Visual assessment survey ---> K-means classifies five types for 92233 SVIs and randomly select
100 SVIs each type = 500 survey images for survey

Yang, S., Chong, A., Liu, P., & Biljecki, F. (2025). Thermal comfort in sight: Thermal affordance and its visual assessment for sustainable streetscape design. Building and Environment, 112569.
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Thermal Comfort in Sight
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Integrated image data Image features migration \_ Stage 3: Visualization and Analysis J
Task 1: Visual Perception Prediction Task 2: Visual Thermal Comfort Prediction

‘ Stage 2: Multi-task Neural Network Learning (MTNNL) E—

Visual assessment survey ---> Thermal affordance scores of 500 SVis from 176 residents
5 types SVI image features + 19 types perceptual scores + thermal affordance scores ---> Model training

Yang, S., Chong, A., Liu, P., & Biljecki, F. (2025). Thermal comfort in sight: Thermal affordance and its visual assessment for sustainable streetscape design. Building and Environment, 112569.
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Thermal Comfort in Sight

Stage-1 Task Layers Stage-2 Final Layers

1024 ReLU Dropout 512 ReLU Dropout

512 ReLU Dropout
256 ReLU Dropout
256 ReLU Dropout VATA Predictions
| 1UnitOutput | T

Multi-Task Neural Network Learning

ResNet50 Feature Concat 1 Feature Concat 2

19 Interm Features
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Stage-2 ENRM Model

Elastic Net Regression
IF - VPI 19

Stage-1 ENRM Model

Multi-Task Neural Network — Prediction
Elastic Net Linear Regression — Inference

Yang, S., Chong, A., Liu, P., & Biljecki, F. (2025). Thermal comfort in sight: Thermal affordance and its visual assessment for sustainable streetscape design. Building and Environment, 112569.
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Thermal Comfort in Sight
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Urban-scale thermal affordance mapping ---> provides macro insights to urban planners

Yang, S., Chong, A., Liu, P., & Biljecki, F. (2025). Thermal comfort in sight: Thermal affordance and its visual assessment for sustainable streetscape design. Building and Environment, 112569.
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Thermal Comfort in Sight
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Feature importance ranking ---> provides streetscape design insights to urban planners

Yang, S., Chong, A., Liu, P., & Biljecki, F. (2025). Thermal comfort in sight: Thermal affordance and its visual assessment for sustainable streetscape design. Building and Environment, 112569.
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Field Survey Validation ---> visual elements can explain 37.9% of the comfort variance

Yang, S., Chong, A., Liu, P., & Biljecki, F. (2025). Thermal comfort in sight: Thermal affordance and its visual assessment for sustainable streetscape design. Building and Environment, 112569.
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City Landscape in Sight

Mapping Subjective Window View Perception from Real Estate Images

Prefer + Extensive Monotonous + Oppressive Quiet + Vivid

E - . l I
Landscape and
Urban Planning

AL

. Type 1 , Type 2 i . Type3d
e & S A
v o L = o .

1l n
|€ 7‘ U B
2 |||\;

WD

What different urban comfort observation can we get from window view?

Peng, C., Yang, S. (Co-First Authors), Liu, A., Xiang, Y., Zhou, Z., & Biljecki, F. (2026). City landscape in sight: A crowdsourced framework for unlocking urban-scale window view perceptions from real
estate imagery. Landscape and Urban Planning, 275, 105734.
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Urban-scale dataset ---> window view images from different floors and places in Wuhan
Window view perception ---> understand people perception with 12k+ real window view images
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Chinese Garden Atrium Space SVI-Housing Price Thermal Comfort

Housing Website Urban-scale Window View Dataset
Post-Processing
SEEL ) - Samples in the same apartment complex
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\ Screening /

Urban-scale dataset ---> window view images from different floors and places in Wuhan

Window view perception ---> understand people perception with 12k+ real window view image
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Brain Visual Pathway Brain-inspired Hybrid Neural Network Architecture
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Computation ---> modelling perception following visual pathways in brain with
27477 pairwise visual assessment survey results from 304 participants

StreetRAG



Chinese Garden Atrium Space SVI-Housing Price Thermal Comfort SP-Survey StreetRAG

Cluster Types: Perception Profiles Mean Perception Scores by Cluster Type
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Result ---> three types of window perception discovered: extensive, oppressive, quiet + vivid
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Hotspot & Coldspot Analysis for Window View Perception Indicators

Prefer Monotonous M Quiet Extensive W Vivid M Oppressive

Low-level

Middle-level

W HotSpot99% ™ HotSpot95% = Hot Spot 90% High-value Neighbours ~ ® Cold Spot99% ™ Cold Spot 95% Cold Spot 90% Low-value Neighbours

[ Ccross-indicator City Landscape Perception Spots

Result ---> high-level floors are better for prefer, extensive, less oppressive views

Result ---> different floors can have different urban-scale perception patterns
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Non-linear Relationships Between Related Landscape Features and Window View Perception
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Result ---> non-linear trade off on city landscape elements
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Custom Design Framework
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Window View Perception Design-directed Mapping

Result ---> urban-scale design strategies as references for urban planners




Chinese Garden Atrium Space SVI-Housing Price Thermal Comfort Window View SP-Survey StreetRAG

SP Survey

An Open-source Software Platform for Visual Assessment of Urban Environments

d hard to deploy
[ hard to design

(Q  hard to reproduce

traditional custom urban visual surveys

0\? A Technical Barriers: Web development skills are often required.
l%] 4 Design Inefficiency: Similar surveys are repeatedly built from scratch.
Ej A Poor Reproductivity: Survey workflows are difficult to reuse and replicate.

Key gaps in urban visual assessment surveys
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Streetscape - Building - Environment

<
/A\ Visual Survey Platform

v

Street View Building Facade View Wmdow View Aerial View

Visual Assessment of Urban Environments
Three Main Challenges & Corresponding Key Features
Technical Barriers Design Inefficiency Poor Reproducibility

Automated Design

Motivation: Make urban visual surveys easier to design. deploy. and reproduce.
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Previous Research / Publication
From Desian LLM / Manual  SEEEESEESS 0
to Deploymgnt . ZEEam——--g Template System
Survey Creation kit

Reproduc
SP-Survey e

Urban Visual Survey PIatform

--_..\‘ —
Text Choice Text Ranking Text Ratlng Text YeslNo Text Matrix Text Input

Feature Description

Multiple types of image-text questions for urban visual survey.
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Online Survey Creation

User Prompt Review & Revision  Survey Structure Sample Questions

. About You
Please create a streetscape perception

i i Streetscape Elements
survey about bikeability. Factor Affecting Bikeability

Design Interventions

- ] ﬂ‘ E I Urban Theory and Context
- e | m Infrastructure Evaluation
Traffic Condition

|mage Dataset Qualitive Insights

How safe do you feel cycling on this street?

4

Auto-generate a complete urban visual survey with your prompt to LLM and image dataset.
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StreetRAG

Window View SP-Survey

Contextual Engineering
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Content Update

Application Layer
1l
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Session Info
[ Working Info

Conversation Info

X073 Current Survey

Apply to editor and storage

Generation Response

FEIYN Current Survey

Parse errors
New Survey

LLM Output

Create and revise your survey with LLM agents.




Chinese Garden

Atrium Space

@SP-Survey A%Efy"ucs .NLJS

SVI-Housing Price

[l Template Library

Thermal Comfort

Start from peer-reviewed survey designs used in published research

@ Academic Research @

(® Academi 2025
SPECS
Quintana et al
Street Perception Evaluation Considering
Socioeconomics (SPECS). Global urban visual.
perception varies across demographics and

B PAPER  [@ PREVIEW use
(® Academic) 2025

Effective Perception Survey

Guetal

“This study proposes the first comprehensive framework
to guide image-based survey design for capluring.
perceptions of outdoor urban environments across

B PAPER [ PREVEW

Acadomic) 2014

Streetscore - Perceived Safety Rating

Naik et al

Single-image perceived safety rating survey. Participants
rate street scenes on a 1-10 safety scale and provide.
contextual judgments. Based on the Streelscore

B PAPER  [@ PREVIEW

templates by name, au

(® Academic) 2025

Thermal Comfort in Sight
Yang et al

Apply SVI for thermal comfort assessment in Singapore.

B PAPER @ PREVEW

(® Academic) 202
Building Facades Perception
Liang et a.

In this study, we integrate a traditional survey-based
evaluation framework with machine learning technique.
to analyse human perception of over 250,000 building

B PAPER [ PREVIEW =3

cadomic) 2028

Street Multi-Activity Potential (SMAP)

Lietal

Multi-view graph-based community detection to
systematically evaluate street multi-activity potential
(SMAP).

B PAPER  [@ PREVIEW

(® Academic ) 2016

Place Pulse 2.0 - Urban Perception (6
Dimensions)

Dubey et al

Pairwise comparison survey measuring six perceptual
dimensions of street scenes: safety, liveliness, beauty,

B PAPER  [@ PREVIEW Use

Window View

SP-Survey

Effective Perception Survey - New

s

Pairwise Comparison Survey Questions

Proviw — Buling Facades Prcoton

g Facades Perception

Survey Questions.

i

N

Replicate prior studies with preset survey templates.
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= FRISP-survey (@#iea) O Effective Perception Survey - New o) (@)(&) (@ (@) . vewiesiey (€ O (6

Projects x

B Project Tempiates w

Streetscape - Building - Environment - I image Dataset

ﬁ‘\visual Survey Platform

fouctare Rz, envedtas . HuggingFace batch mport s avalable a an optonal ton

o®0

o080

o080

o®0

o080
© Upload Images to Cloudflare R2

o®D Selact
hoose Image Files

" o®m

Streetscape Perception Survey

A research-grade platform for conducting visual perception surveys on urban streetscapes.

o upo
o®D

o®0

[ Uploaded Images (preview — first 10):
; ; - £ e ©
No coding required — build, share, and analyze in minutes. eee

START FOR FREE — B READ PAPER ‘

o®0

o®0

o080

Create your urban imagery survey in minutes.

SP-Survey is now online: sp-survey.org.
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StreetRAG-Index: Concept-to-Index Retrieval-Augmented Generation over Urban Street Networks

Multi-Scale TopK

micro meso macro

Urban Scale

Space Syntax

Retrieve
v

Response SNCLLEISE LM Ja s Stree ) Built Environment
A
k Retrieve
Geo Data

Urban Content

Can LLM understand street network? We need a street memory framework.



Chinese Garden Atrium Space

potential urban concepts for amalytics

/ \
openness complexity centrality density
[ I
safety  vitality = greenery  accessibility
[ I
comfort walkability bikeability — beauty

Urban Concept

SVI-Housing Price Thermal Comfort Window View SP-Survey StreetRAG

potential urban data extension Dimension 1 - Network Analytics

3 POI Density & Rating PPz .- Pn 3 R4500 car
VAl Streetscape Perception BRI Y] Iz4[s10/J88 neighbourhood bike
Dimension 1 Network Analytics nin ... N 1 Feature Set Radii ~ R500 street walk

Data Schema for each street Feature Set Integration

:

User Input

e

What area is centralised but not
comfortable? Explain the urban context
and provide planning suggestions.

Origital Prompt

Multi-Round Chat [GEEECEEELEEEILEEIttE

H

;lml T !Q‘I
g b ..!

Street Indexing SEEEEEETES

\:, Network Scoring Multi-Scale TopK
Objective Framing Sathibthis - Data DeSCription SEctE N S SEes

3 Statistical Summary Macro Analytics ) Explaination & Visualisation ¢-._

i

LLM Output

Output Framework Index Database

S Context Engineering | s

Link urban concept with geospatial data a street-based LLM memory framework.
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What areas are centralised but not comfortable?

Composite Index: centralised_but_not_comfortable

(range: -1.566180 to 1.933417) integration - index

=== R2 = 0.3067

integration - index
m—— R2 = 0.2653

integration - index

== R2 = (0.5551

w

~

-

centralised_but_not_comfortable
centralised_but_not_comfortable
centralised_but_not_comfortable

.5 1.0 15 20 25
integration_R1500 1853

X 1.0 15 20 25 2 3 4 5
integration_R500 = integration_R4500 iesa

Query to LLM Example 1: Urban Comfort Assessment
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2]

What areas are central at R500 but not central at R4500?

Composite Index: central_at_r500_not_r4500
(range: -0.977420 to 1.582302)

integration - index integration - index integration - index
= R2 = 0.0007 4

== R? = 0.3695 Z | === RZ = 0.2539

o
o

central_at r500_not_r4500

central_at r500 not _r4500

central_at_r500_not_r4500

0.0 0.5 20

1.0 15 20 25 10 15 2. 2 3 a 5
integration_R500 e integration_R1500 = integration_R4500 e

n
o

Query to LLM Query Example 2: Urban Centrality Assessment
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What areas are areas are comfortable and well-
connected but lack POI diversity?

Composite Index: comfortable_well_connected_low_poi_diversity

(range: -1.300081 to 1.230796) 'él integration - index ‘él integration - index ‘él integration - index
" = 3 o ?
& | — Re=10.3677 & | — Re==01583 2 2 1 —— R?=10.0198
: z . 2 . @ 2,
; s 8 Li# s
I I o 1
> fa < ga o g
< g -~ - -
o N 9] 9] <
' qc) 0 g 0 g o
v h & i~ 4 g g g
Ty d = e 2=
o 3 T T
o % 2 - 22 2 -
: %, i (ul GJI ('DI
x e} o 7o)
=L © 0.0 0.5 1.0 15 20 25 © 0.0 0.5 1.0 15 20 25 @© o 1 2 3 4 5
: £ integration_R500 . integration_R1500 .- integration_R4500 185

il

Query to LLM Example 3: Comprehensive urban assessment query
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Reasoning is All You Need for Urban Planning Al

A benchmark for urban planning reasoning era, applying LLM agents for urban planning.
Six parts: analysis, generation, verification, evaluation, collaboration, decision.

IR raiona sriversy jm=mmmmmm===========3 From Learning to Reasoning -----------=---=---
ﬂ of Singapore / Q/
Urban Analytics
-
= $ 1 o
— I | Q @ 1"y
— L.!J > o
Urban Data Statistical Learning Objective Reasoning Agents

Pattern-based @ Value-based
7 g Data-driven I Principle-driven

Correlation-driven s Rule-grounded
Ground Truth Opaque / Black-box m Explainable
SRBE®R:
y ity &

&

"2

AN

StreetRAG

urban
analytics
lab
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Reasoning is All You Need for Urban Planning Al

A benchmark for urban planning reasoning era, applying LLM agents for urban planning.
Six parts: analysis, generation, verification, evaluation, collaboration, decision.
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Urban Data Representation / Alignment

Reasoning Is All You Need For Urban Planning Al

Perception Layer | Foundation Layer J§ Reasoning Layer AAAI 2026 Workshop on Al for Urban Planning, Singapore
Data Collection Knowledge Building | Decision-Making

Urban Planning Agenda @---------------c-oomoooooooooooo
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Artificial Intelligence Yang, S., Li, J., & Biliecki, F. (2025). Reasoning Is All You Need for Urban Planning Al. AAAI 2026 Workshop on Al for Urban Planning.
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