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IntroductionIntroduction Methodology

Results Conclusions

Urban renewal implementations processes are crucial 
foundations for not only understanding the evolutionary 
patterns of urban development, but also making effective 
decisions in urban renewal planning.

We integrate multi-source data including remote sensing 
images, project license, POI data and street view images, 
and construct two learning models, MTURI and FBURI, to 
identify different types of urban renewals. 

Based on the proposed models, we successfully identify 
three types of urban renewal: physical renewal, functional 
renewal, and upgrading renewal and find spatial patterns 
at different scales.

The fusion-based model can effectively enhance the 
precision and stability of urban renewal identification, 
offering empirical support for typical renewal pattern 
induction and regional differentiated urban governance..



Introduction——China's urban renewal

Fine-grained 
governance

Environment 
upgrading

illegal buildings 
demolish

Identifying different types of urban renewal are crucial foundations for not only understanding the 
evolutionary patterns of urban development, but also making effective decisions in urban planning.

Housing supply High-quality SDGs

before

after

Large-scale demolition 
and reconstruction

Rapid urbanization 
development From speed to quality human-centered high-

quality development

Period 1: 1990s
Solving housing shortages

Period 2: 2000-2010
“Three-old renovation”

Period 3: 2010-2020
Living environment improving

Period 4: After 2020
Comprehensive upgrading 

Time
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Old residences 
renovation



Complexity of urban renewal

Mode

physical

function

upgrade

Dachong Village renewal project

OCT renewal project

Yaojiang Hutong Renewal project

Object

residence

Commercial

Open space

···

Xidan renewal project

Liulin community renewal project

Qiyan main channel river project

Scale

city

block

community

building

Motivation

Economic Development

Infrastructure construction

Environmental improvement 

l commercial upgrading
l industrial park transformation
l reuse of old factory buildings

stakeholders Government Enterprise Public

l public spaces construction
l Transport facilities improvement 
l educational facilities renewal

l Urban park construction
l Ecological corridor construction
l Waterfront landscape development

How to comprehensively understand the multi-types urban renewal process?



Multi-Source Data of urban renewal
Survey Data Earth Observation data

Location-Based Service Data Social Network Data

Construction Project LicenseLand Transaction

Cellphone signalingGNSS location record

UAV ImagesRS Images 

Street View ImagesPoint/Area of Interests

Information about individual renewal Project Land use and land cover change

Transformation of function or vitality Human perception and street scape information



An example——“Xidan The New” 

Survery RS DataLBS Data POI SVIs

Gov. motivation Land use changePublic vitality Function tranform Environment improve

“Xidan The New” Project



Problem Statement

How to fuse multi-source data for identifying and analyzing 
spatiotemporal patterns of urban renewal?

Motivation

Broadens the research perspectives of urban renewalTheoretical

methodological

Application

A framework to fuse multi-source data for improving 
precision of urban renewal identification 

provides a scientific basis for refined urban renewal policies



Challenges

• Semantic complexity ： spatial morphology, functional attributes and 

environmental characteristics from different types of urban renewals need to 

be defined by unified semantic expression.

• Multimodal Data ： Numeric values, texts and images from multi-source 

data need to integrated by a unified encoding and fusion model.

• Scale differences ：  Spatial resolution, temporal frequency and sampling 

coverage need to be aligned across multi-source data. 

Three Difficulties in Data Fusion



Main Content

l Street View Images Data

l Feature-Based ML model

l Streetscape Scale

(Multi-Type Urban Renewal 
Identification)

l Multi-source Data Fusion

l Transform + GAT model

l Multi-type urban renewal 

Identification

(Fusion-Based Urban Renewal 
Identification)

l Old residential community

l Aggregation from point to 

block

l Different renewal pattern

(From street scale to community scale)

MTURI FBURI SBURI



Study Area and Data

Data source Introduction Data fields

Urban 
renewal 

data

RS images
Landsat(5,7,8,9): 30m×30m
Sentinel-2: 10m×10m
Period: 2013—2023

Band （ Blue, Green, Red, NIR, 
SWIR1, SWIR2）
Indices （ NDVI, NDMI, NDBI, 
IBI, NBR, NDSI, TCB, TCG, 
TCW, TCA）

Project 
License

Beijing Municipal Commission 
of Housing and Urban Rural 
Development, 2006-2021

License ID, Function, 
Construction Location, 
construction unit

POI records 2014-2022 Name, PCode, Categories, etc.

Street View 
Images

Baidu SVIs 
2013-2023 RoadName, loc, heading, etc.

Basic 
Data

Road Network, Administrative Boundary 

Study Area： region within 5th Ring Road in Beijing

Multi-source Data：



Street view data Sampling

l 63,255 Main Roads

l 391,158 sample points 

(50m-intervals)

l 885,608 images

l 1024×800

Samples

Major Road

View point

Different 
years

Street view 
images

l 2013-2023



Categorizing and Labeling

20192015 20202013

20172013

Physical Renewal：building construction 
or demolition

Functional Renewal: change in building use, 
such as commercial modernization 

Upgrading Renewal: improving the living 
environment or streetscape

No Renewal: no change

2013 2019

Three types urban renewals

l Measures of Shenzhen Municipality on Urban Renewal 

l Beijing Master Urban Plan (2016-2035) 

l 3600 Labels
l 8000 image pairs

Labeling

Base Year: 2017
l  ‘Development through Reduction’  Policy



MTURI Model (Feature-based)

segmentation

Text semantic

T2T1 Two-Step MTURI model

Renewal 
status

Renewal 
Type

Physical renewal

Functional renewal

Upgrading renewal

No renewal



Results——The 3rd Ring in Beijing

 Renewal Category accuracy precision recall F1-score

Y or N Yes 0.90 0.70 0.90 0.80

Type Upgrading 0.86 0.95 0.71 0.82

Physical 0.93 0.73 0.99 0.84

Functional 0.88 0.81 0.91 0.86

Urban renewal identification result

Table: Prediction results

n Over 80% accuracy in predicting urban renewal 
status and types.

n High precision: Second Ring Road and junctions of 
East, West and South Third. Distinct visual features. 

n Low precision: Hujialou Subdistrict along East Third 
Ring Road and Guang'anmenwai near West Third 
Ring Road. Complex environments and obscure 
renewal features.



Feature Analysis 



Fusion-Based Model
Multi-source Fusion Urban Renewal Identification Model (MFURI)



Encoding Framework

Build a feature extraction and 
encoding framework :

street branch

remote sensing 
branch

POI branch

construction  
project branch

ResNet101

CNN

GAT

MLP



Model Training and Evaluating

Types precision recall F1-score Num.
No renewal 0.84 0.91 0.88 701

Physical 0.84 0.72 0.78 259
Upgrading 0.73 0.67 0.70 383
Functional 0.73 0.77 0.75 257

Experiment

Results of different urban renewal types

Accuracy: 0.801，F1-Score: 0.776，
AUC: 0.926

Area: Within 5th Ring Road

Year: 2013-2023

Nsamples: 8000，Training(80%)-
Evaluating(20%)



Ablation
Ablation Experiment

Data Overall Performance
Renewal Type

no renewal physical renewal upgrading renewal functional renewal

OA Macro F1-score Macro AUC precision recall precision recall precision recall precision recall

SVIs (baseline) 0.766 0.747 0.909 0.85 0.82 0.82 0.78 0.64 0.61 0.67 0.80

SVIs + RS 0.796 0.771 0.918 0.87 0.89 0.86 0.69 0.68 0.71 0.72 0.77

FBURI model 0.801 0.776 0.926 0.84 0.91 0.84 0.72 0.73 0.67 0.73 0.77

Street-view attention heatmaps Feature perturbation



Case Studies——Street Scale

n Jinsong Area——Old residential community renewal projects

Upgrading Renewals (58.3%) Physical Renewals (22.3%)

l upgrading critical infrastructure 
l addressing systemic deficiencies
l optimizing spatial functionality 
l improving overall livability

Jinsong Pattern
urban villages  modern residential 
buildings



Case Studies——Neighborhood Scale

nTiantongyuan Community——The Biggest Community
Second District：45 renewal points, upgrading dominant
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Case Studies——TAZ Scale

n Six Core Districts of Beijing

l cultural heritage conservation
l public space improvement
l old residential areas upgrading

Upgrading Renewal
Contiguous built-up areas in core districts

l South City Revitalization Initiative
l logistics bases/wholesale markets upgrade
l illegal structure demolition

Physical Renewal

l High-tech industries
l Innovation-driven offices
l technological services

Functional Renewal
Discrete patches in north and northeast area

Urban village in southwest area



Conclusions

l Different data have distinct applicability in urban renewal identification and are 
subject to scale limitations. Fusion-based model can improves the accuracy and 
robustness of urban renewal identification.

l The identification results can provide solid empirical evidence of typical renewal 
modes at different scales and carrying out regionally differentiated governance.

l Future work need to refine the categorization of urban renewal types and explore the 
differences in urban renewal modes across cities.



Big geo-data 
mining Group




