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Driverless Car

Smart Assistant

AI is Widely Used in Our Life
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Introduction of AI

Spatial ML & DL

AI GIS Workflow

Applications of AI GIS



Artificial Intelligence

Machine Learning

Deep

Learning

Enable computers to mimic 
human intelligence

Enable machines to 
improve at tasks with 
experience.

Use neural networks that permit 
a machine to train itself to 
perform a task



Unsupervised VS Supervised Learning

AI

Machine Learning

SUPERVISED     

LEARNING

UNSUPERVISED 

LEARNING

Deep Learning

Training prelabeled inputs 
to predict the 

predetermined outputs

Infer patterns/relationships 
from unlabeled data

Classification

Regression

Clustering
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Three Main Machine Learning Tasks

Classification ClusteringRegression
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Deep Learning & Neural Network

• Abstract of biological 
processes that take 
place in the brain

• Mimic the ‘firing’ of 
interconnected 
neutrons in the 
response to stimuli 
(new incoming info)
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Comparison of ML & DL

Feature extraction   Classification

Feature extraction+ Classification  

Input

Input

Output

Output

Machine Learning 

Deep Learning
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What did AI Do for Us?

• Reduce repetitive human work

• Reduce non-intelligent work

• Multiple data can accessing in one time

• Improve work efficiency

• ......
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What is it?

AI GIS
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Application of Deep Learning to GIS

Image Classification Object Detection Semantic Segmentation Instance Segmentation
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AI GIS Technology System

Function

GeoAI GIS for AIAI for GIS

Processing Tools

Model 

Building

Model 

Application

Data 

Preparation

Spatial Machine Learning

Spatial Deep Learning

Spatial 

Analysis

for AI

Spatial 

Visualization

for AI

AI 
Interaction

AI Mapping

AI Attribute 
Collection

AI Measuring

AI + AR

Framework Spark MLlib TensorFlow PaddlePaddle PyTorch

Data File Relational data NoSQL Data

Library Samples Models
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Spatial ML & DL

AI GIS Workflow

Applications of AI GIS

Spatial ML & DL



Spatial Machine Learning Operators

Cluster Analysis

Regression Analysis

Generalized Linear 

Regression

Forest-based 

Regression

Classification Analysis

Random Forest 

Classification
Spatial Density 

Cluster

Address Element 

Identification
Spatial Hotspot

Geographical 

Weighted Regression

Decision Tree 

Classification

Map Matching

Support Vector 

Machine Classification

Naive Bayes 

Classification

Decision Tree 

Regression

Logistic Regression

Gradient Boosting 

Tree Classification

Geographical 

Simulation

Linear Regression

Gradient Boosting 

Tree Regression
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6:00-8:00

Spatial Machine Learning—Clustering

8:00-10:00

• Whether the shared bike parking position clustered?

CBD

Industrial Park
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Predicting the suitable areas for Anopheles based on climatic conditions

Impact Factors:
• Diurnal range of mean temperature
• Lowest temperature in the coldest month
• Average temperature of the hottest season
• …

Spatial Machine Learning—Classification
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tracing points

matching path

Spatial Machine Learning—Map (Road) Matching

Accuracy

97%

17



Impact Factors:
• Traffic Condition
• Education
• Medical Services
• …

Calculate housing prices based on the infrastructure distribution

Spatial Machine Learning—Regression
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Geographical Simulation Based on Cellular Automaton Model

Simulation 

Accuracy

83%
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Spatial Deep Learning Operators

Image Analysis

Scene Classification

Land Use 

Classification

Object Detection

Binary Classification
3D Analysis

Oblique Photogrammetry，
Model DSM, Building 

Bottom Extraction

Object Extraction

Spatiotemporal 
Analysis

Map Spatiotemporal 

Analysis
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Spatiotemporal Analysis —Traffic flow prediction

predicted value VS true value

Accuracy

true 

value
predicted 

value0

10

20

30

40

50

60

70

80

92.7%
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Image Analysis — Road Extraction (Binary Classification)
22



Image Analysis — PV Panel Extraction (Object Extraction)
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Image Analysis — Aircraft Type Recognition (Object Detection)
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TensorFlow Paddle PyTorch

Object Detection 

(Image)
Faster R-CNN Cascade R-CNN RetinaNet

Binary/Land Use  

Classification
D-LinkNet DeepLab V3+ U-Net FPN

Object Extraction Mask R-CNN

Scene 

Classification
EfficientNet

Object Detection 

(Picture)
Faster R-CNN Cascade R-CNN RetinaNet

Object Detection 

(Video)
YOLO V4 YOLO V3

Picture 

Classification
EfficientNet

Spatiotemporal 

Analysis
DCRNN

Deep Learning Models
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AI GIS Workflow
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Deep Learning Workflow

Training Data 

Generation

Model 

Inference

Model 

Application

Model 

Training

Data 

Preparation

Model 

Construction

Sample 

Management
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Image Sample Management

Label
Attribute Table
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Method - SuperMap iDesktopX

Prepare 
Data

Construct 
Model Apply 

Model
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Create Sample Library for the Building ImageDraws Building Vector Labels Modeling for Building Extraction
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Deep Learning Workflow

Training Data 

Generation

Model 

Inference

Model Application

Model 

Training

Data 

Preparation

Model 

Construction

Post-

processing of 

Inference

Post-processing Tool

Nibble
Majority Filter

Boundary Clean Expand

Shrink

Thin

Regional GroupAggregate ……

Sample Data 

Management

Regularize Building
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Post-processing——Aggregate Region

▪ Combine polygons elements according to distance
▪ Aggregate the AI extraction results to obtain the building aggregation area

Binary Classification Result（Vector） Region Aggregation Result
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Post-processing——Regularize Building

Arbitrary Angle Regularization

Right & Diagonal Angle 

Regularization
Right Angle Regularization Circle Angle Regularization

Original Image Binary Classification
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Road Extraction WorkflowOriginal ImageBinary Classification ResultExpandShrink & Majority FilterThin RasterRaster to VectorResult
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Automated Machine Learning (AutoML) Modeling

Preprocessing
Algorithm 

selection
Model tuning Explanation

Model 

elevation

Machine Learning Workflow

Model 

training

Model

Selection

Model

Training

Model 

Using
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Criminal Spatiotemporal Data Mining
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Crime Rate Crime Type Crime Hotspot

Data mining based on spatial machine learning 38



Criminal Spatiotemporal Data Mining

Summarize
Mesh 

Multiple sources of data are aggregated 

into the same geospatial unit

Historical 

crime data

…

Traffic

Education

Resident 

administrat

ive area

Security

Income
Spatial Machine 

Learning

Clustering

Classification

Regression

Spatial Big Data
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Crime impact 
factors analyzation

Predict areas with 
high crime rates

Support police deployment

Carry out effective prevention
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Building Intelligent Inspection

41



• Drone data

• 0.05-meter resolution

• About 9km2

• Tile Size: 800 * 800

• Building Vector Labels

• About 1,000 labels

• Pretrained Model

• About 50,000 labels

Data Description
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AI GIS Workflow

Training Data

Label

…

…

Model Generation

Train Verify

Model Output

Validation Data

…

Test Data

…

Outcome

Inference

…
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Algorithm：FPN

Training Time：3.5h（GPU）
Accuracy：IOU=0.72

AI Extraction Results

Ground Truth Binary classification results
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Vector：Summarize Features

Raster：Zonal Statistic

Summary Statistics

County A

Distribution 

of buildings in 

each region

County B
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Drought Intensity Prediction based on 

Meteorological Data
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Data Description

• Climate data around US with drought intensity levels

• From 2000 to 2009

• Wind speed, temperature, air pressure, humidity, rainfall and other 
climate factors

• 5 levels of drought
• 0：Abnormally Dry

• 1：Moderate Drought

• 2：Severe Drought

• 3：Extreme Drought

• 4：Exceptional Drought
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Training Data Preprocessing
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Mode Training
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Mode Inference
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• Model training process visualization

• Learning Curve

• Confusion Matrix

• Feature Importance

• Precision Curve

• … …

Automated Machine Learning (AutoML) Modeling
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AI GIS Technology System

Function

GeoAI GIS for AIAI for GIS

Processing Tools

Model 

Building

Model 

Application

Data 

Preparation

Spatial Machine Learning

Spatial Deep Learning

Spatial 

Analysis

for AI

Spatial 

Visualization

for AI

AI 
Interaction

AI Mapping

AI Attribute 
Collection

AI Measuring

AI + AR

Framework Spark MLlib TensorFlow PyTorch

Data File Relational data NoSQL Data

Library Samples Models

PaddlePaddle
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Illegal Parking

AI Attribute Collecting
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AI + AR

AD

Illegal Buildings

Rubbish Heaping

Road DamageGraffiti

Graffiti
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Spatial Visualization for AI (Traffic Monitoring Visualization)

Vehicle Congestion (0-10)

Motor Vehicle Non-motor Vehicle

Motor Vehicle, Non-motor Vehicle, 
Pedestrian Congestion

Top 5 Congested District
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Real-Time AI Vehicle Recognizing Platform
Statistics

Illegal Vehicle

Pedestrian

Bicycle

Vehicle

Motorcycle

Bus

Truck

Motor 
Vehicle

Non-motor 
Vehicle

Cameras

56



三维模型窗户提取

Window extraction

Model window 

self-illumination

Extract Model 

Property

Extract Model 

PropertyResult

Caption_Distin

guish Windows

Caption_Materi

alReplace_PBR

AI + 3D

3D window extraction based on AI technology
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3D window extraction based on AI technology



Thank You!

Reach us here!


