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International Federation of Surveyors supports the 
Sustainable Development Goals

1st relevant 

SDG

2nd relevant 

SDG

3rd relevant 

SDG

The most relevant SDGs related to theme of this session
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Use of ICT

Smart Cities 

Digital Cities 

Computers and LAN

Smart Phones with 

Sensors, Wi-Fi, IoT

1985 - 1995 1995 - 2010 2010 -

Backbone of Smart Cities = GIS + Sensors + ICT + WiFi

Smart City v?

5G，IoT, Web 3.0

AI  - Artificial Intelligence

AV – Autonomous Vehicle

Govt & Firms

Intelligent Cities 

Internet and Sensors

Govt & Firms

People

Govt & Firms

People

Anytime, Anywhere

1986 HK Land Information Centre

1987 Guangzhou Urban Planning

Automation Centre

1994  National Geospatial Information

Center



City is 3D – GIS should be 3D



Design

Build

Operate

and Manage

Building Information Modeling (BIM)

Building Information Model 

(BIM Model)



From BIM to DIM and CIM

BIM technology is evolving from District Information Modeling (DIM) to City
Information Modeling (CIM). DIM and CIM are similar to how we modeling
buildings and infrastructure.

DIM is the 3D modeling at the District level; while CIM aims to model the smart city
at the City level.

A CIM model could enable city-wide simulation (for architects and planners) of
various aspects such as traffic, congestion, energy, impact of natural disasters such
as earthquakes or hurricanes, flood control, etc.

DIM CIM

From BIM Model to DIM Model and CIM Model

BIM
BIM of Old Buildings

(over 90% in city)



3D GIS

China National Geospatial Information Center 实景三维Common Spatial Data Infrastructure(CSDI) 2021



3D GIS

GIS 和 BIM 的融合

BIM

Integration of 3D GIS and BIM 

(Virtual Reality &  Augmented Reality)

The development of 3D-GIS is more complicated than 2D-GIS

The work has just started, we still have a long way to go



Integration of 2D GIS and BIM in Pedestrian Navigation

Outdoor Pedestrian 

Navigation

Indoor Pedestrian

Navigation

A

B

GIS

BIM
Vehìcle Navigation



Applications of 3D GIS in Smart City
Yesterday’s Technology, Today’s Applications

• 3D Map and Visualization

2000s



Google Earth 2005 



Google Street View 2007



Visual 3D Street View Navigation



MTR Location Map (2D)



Dongguan MTR Location Map (2023 – 2.5D)



BIM-based Analysis, Visualization, Planning and Management:

https://www.shelidon.it/?p=8298

Urban Design and Planning



Before Redevelopment Old Buildings Demolished Proposed Development



NoiseViewshed
Urban Design and Planning



Virtual Tour of Chen Clan Ancestral Hall, Guangzhou



3D Photorealistic Multimedia Games



Low Altitude Economy（Planning & Mgt)

New Industry

Up Stream Mid-Stream Down Stream

New Growth Engine



Real window view Generated window view (PlanD, 2020)

3D-GIS Resolution

Generated window view (LandsD, 2022)
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Sensors, Information and Related IT and 

Applications is the Heart of Smart Cities

Sensors Applications

Position Sensors

Motion Sensors

Video Camera

Environment/Bio-Sensors

Other Sensors

Smart Navigation

Smart Monitoring

Smart Health

Smart Building

Smart Transportation



Sensors in Smart Mobility

Global Navigation Satellite Systems (GNSS)



Smart Street Lamp Posts

Source: https://www.environment-monitor.com/item/5g-acceleration-smart-street-lights-promising/



Car Camera



Sensors in Smart Mobility

Autonomous Vehicle



5G Positioning

• 5G Cellular Grid + Mobile Phone

• Density of Base Station 

• Accuracy :  cm to m 

Source: 

ieeemy.org



Satellite



UAV Unmanned Aerial Vehicle (Drone)







Public

Private

People

Partnership

User Supplied (Crowd Sourcing) Traffic Information
(Google/Gaode Map)



Before Reporting

• Report Location：xxDistrict, yy Street, 

No. zz

• Report Problem：rubbish in public 

area

After Reporting

Smart Government – Crowd Sourcing (Participation in Urban Management)

• Work Done：Urban Service 

Department has cleared the rubbish on 

DD/MM/YEAR at xx time.



Traditional Big Data Sources

• Remote Sensing – land use, land use changes

• Census Data – social area analysis, residential 

mobility, target marketing

• Telephone Directories – location and spatial 

distribution, firm births and closures

• Credit Card Data – consumer behaviour, target 

marketing, consumer profiling, human mobility

Smart Cities – New Data Sources



New Big Data

• Spatial-Temporal Data: GPS trajectory, mobile 

phone data, Smart Card etc.

• Smart Grid and Sensor Data: car sensor, oil pipes, 

Internet of Things (IoT)

• Social Media Data: Facebook, WeChat, Twitter, 

Instagram, etc.

• Web Data: page views, searches, purchasing, etc. 

• Text Data: email, news, etc.

Urban Informatics     Urban Analytics



https://link.springer.com/book/10.1007/978-981-15-8983-6

2021



Space-Time Prism

Swedish Torsten Hagerstrand's Time Geography (1970)
Activity intensity in Shenzhen within 24 hours - 2011

Mobile Phone Location Data – Big Data

Spatial-Temporal Big Data

 Higher Resolution (Spatial)

 Higher Granularity (Time)

 Real Time



Mobile Phone Tracking

LongitudeLatitude TimeDateMobile Phone User ID 

114.065822.5313320:34:332011/8/1A
114.065822.5313320:34:592011/8/1B
114.065822.5313320:46:162011/8/1C
114.090222.5614414:21:382011/8/1D
114.090222.5614414:21:302011/8/1E

200 m – 1 km

Mobile Phone Data
Mobile phone data have been widely applied in human mobility pattern 

and behavioral research.



Identification of mobile phone users’ residences and workplaces

Big Data processing with GIS



Big Data

Residents

Jobs

Space-Time

Distribution

Adminstrative Boubdaries

Census and Economic Data

POI 

Services and Facilities

Land Use

Transport Network

Public Space

etc. 

Survey

Small Data

Field Work

GIS - Geographical Context
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Digital Twin City

Intelligent Urban Management and Maintenance
Physical Real

City

Traffic & Environment 

Information & Prediction
Building & Facility 

Information & Prediction

Operation Mgt Maintenance Mgt

AI Operation and Management SystemDigital Cyber

City

Digital GIS + BIM

Sensors

Real World

Photorealistic

Visualization

Real Time Sensing, 

Monitoring and Feedback 

Control System



Artificial Intelligence in Urban Planning

Cellular Automata (CA)

Agent Based Model (ABM)

Swarm Intelligence

Artificial Life (AL)

Expert Systems

Fuzzy Logic

Heuristics Search

Reasoning System

Knowledge Based 

Intelligence System

Genetic algorithm (GA)

Simulated Annealing 

Others

Intelligent Stochastic

Optimization Process

Machine Learning (ML)

Random Forest

K-Means Clustering

Support Vector Machines

Artificial

Intelligence 

(AI)

Urban Informatics     Urban Analytics

Deep Learning

LSTM

CNN

MLP

Generative AI Large Language Model

Large Visual Model



AI Definition

• Artificial Intelligence originated around 1950s. It represents simulate 

intelligence in machines. It is a subset of data science. Its aim is to build 

machines which are capable of thinking like humans.

• Machine Learning originated around 1960s. It is the practice of getting 

machines to make decisions without machines to make decisions without 

being programmed. It is a subset of AI & Data Science. Its aim is to make 

machines learn through data so that they can solve problems.

• Deep Learning originated around 1970s. It is the process of using artificial 

neural networks to solve complex problems. It is a subset of Machine 

Learning, AI & Data Science. Its aim is to build neural networks that 

automatically discover patterns for feature detection.

• Generative AI surged around 2020s. It is advanced from using the Transformer-

based deep neural networks. It is a subset of Deep Learning. Its aim is to 

generate different types of content – such as text, imagery, audio, video – based 

on what has learnt from existing content.

1950s 1960s 1970s 2020s



Mapping Slums and

the Dynamics of the 

Deterioration in Cities

• With the growth of the fields of deep learning and 
computer vision, understanding cities through the eyes 
of a computer opens the door for analysing missing 
attributes of city dynamics.

• Large-scale analysis of digital images and patterns of 
captured features that may not be recognised of 
significance by human eyes can potentially enable 
various urban issues to be identified and collected.

• AI-based tool of deep convolutional neural networks 
could extract rich geospatial data such as slums, 
transport modes, and pedestrians in cities from street 
view images.

Ibrahim, M. R., Haworth, J., & Cheng, T. (2021). URBAN-i: From urban scenes to mapping slums, transport modes, and pedestrians in 

cities using deep learning and computer vision. Environment and Planning B: Urban Analytics and City Science, 48(1), 76-93.



Generative AI – Large Language Model
Natural Language Processing for Public Participation

https://towardsdatascience.com/sentiment-analysis-simplified-ac30720a5827

Sentiment Analysis

Haklay, M., Jankowski, P., & Zwoliński, Z. (2018). Selected modern methods and tools for public participation in urban planning–a review. Quaestiones Geographicae, 37(3).

Representations

& Comments in 

Plan-making Process

Comment1: Build more public housing for HK people.

Comment2: We will lose the surrounding greeneries. 



Source: Ye, X., Du, J., & Ye, Y. (2022). MasterplanGAN: 

Facilitating the smart rendering of urban master plans via 

generative adversarial networks. Environment and Planning 

B: Urban Analytics and City Science, 49(3), 794-814.

MasterplanGAN

Input from AutoCAD (Left) Output 

from MasterplanGAN (Right)

原始草图 生成器 渲染结果

目标结果

生成器

鉴别器
鉴别器

恢复草图
Generative AI – Large Visual Model

Urban Design Rendering



• The essential task of urban 

planning is to generate the 

optimal land-use configuration 

of a target area. 

• This study proposes a land-

use configuration generation 

framework, namely LUCGAN, 

which can generate a land-

use configuration 

automatically for an empty 

geographical area based on 

surrounding contexts.

Wang, D., Fu, Y., Wang, P., Huang, B., & Lu, C. T. (2020, November). Reimagining city configuration: Automated urban planning via adversarial learning. 

In Proceedings of the 28th international conference on advances in geographic information systems (pp. 497-506).

Generative AI – Large Visual Model

Automated Urban Planning



Smart Technology, Big Data, AI and Urban Analytics
• Make cities more efficient and sustainable – A Very Valuable Tool

– New Smart Technology - Better real time survey, information, and monitoring

– Crowd Sourcing – Public participation in sustainable urban management

– Digital Twin with AI – More efficient and timely urban management 

• Changes in Surveying Education - have to learn more skills and technologies

• What new knowledge CAN we 

learn from Big Data, AI and Urban Analytics ?

Thank You


