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Al Is Widely Used in Our Life
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Enable computers to mimic

Artificial Intelligence
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

Classification

SER|EES RS Deep Learning

Clustering
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Three Main Machine Learning Tasks

Not Spam

Classification Regression Clustering



Deep Learning & Neural Network

HIDDEN

\\ ~ OUTPUT

Abstract of biological
processes that take
place in the brain

Mimic the ‘firing” of
Interconnected
neutrons in the
response to stimuli
(new incoming info)



Comparison of ML & DL

Feature extraction

Input
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What did Al Do for Us?

 Reduce repetitive human work

* Reduce non-intelligent work

» Multiple data can accessing in one time
 Improve work efficiency






Application of Deep Learning to GIS

Image Classification Object Detection Semantic Segmentation Instance Segmentation




Al GIS Technology System
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Spatial Machine Learning Operators

Cluster Analysis

Spatial Hotspot

Spatial Density
Cluster

Classification Analysis

Map Matching

Logistic Regression

Gradient Boosting
Tree Classification

Decision Tree
Classification

Naive Bayes
Classification

Support Vector
Machine Classification

Address Element
Identification

Random Forest
Classification

Regression Analysis

Gradient Boosting
Tree Regression

Geographical
Simulation

Linear Regression

Decision Tree
Regression

Geographical
Weighted Regression

Generalized Linear
Regression

Forest-based
Regression



Spatial Machine Learning—Clustering

* Whether the shared bike parking position clustered?
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Spatial Machine Learning—Classification

Impact Factors:
« Diurnal range of mean temperature
’ O « Lowest temperature in the coldest month
AT « Average temperature of the hottest season
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Predicting the suitable areas for Anopheles based on climatic conditions
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Spatial Machine Learning—Regression

Impact Factors:
Traffic Condition
Education
Medical Services

v i,
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Calculate housing prices based on the infrastructure distribution
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Simulation
Accuracy

Geographical Simulation Based on Cellular Automaton Model
19

B Residential Area
Bl Agriculture Land
Bl Water Body
Bl Forest



3D Analysis

Oblique Photogrammetry,
Model DSM, Building
Bottom Extraction

Spatial Deep Learning Operators

4 e )
Image Analysis
( )
Object Extraction
& J
( )
Object Detection
o J
( )
Scene Classification
. J Vs
f i R A Spatiotemporal
’ Inary Classification ) Analysis
f Land Use M Map Spatiotemporal
_ Classification Analysis
\ /U

~N

J

20



L
‘ f-..

predicted value VS true value

80
70
60
50
40
30
20
10 true

—* value

Accuracy
92.7%

—o—spledicien
value

P
- - £

“ r
\\

”

Spatiotemporal Analysis —Traffic flow prediction
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Deep Learning Models

Object Detection
UNEL))
Binary/Land Use
Classification

Object Extraction

Scene
Classification

Object Detection
(Picture)

Object Detection
(Video)
Picture

Classification

Spatiotemporal
AELATS

TensorFlow

EfficientNet

YOLO V4

EfficientNet

Paddle
Faster R-CNN
D-LinkNet
Faster R-CNN
YOLO V3

PyTorch
Cascade R-CNN RetinaNet
DeeplLab V3+ U-Net FPN
Mask R-CNN
Cascade R-CNN RetinaNet
DCRNN
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Deep Learning Workflow
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Image Sample Management
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Deep Learning Workflow

Model Application
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Post-processing——Aggregate Region

=  Combine polygons elements according to distance
=  Aggregate the Al extraction results to obtain the building aggregation area
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Post-processing——Regularize Building

Original Image

Regularization

Binary Classification

gkl

Right Angle Regularization Circle Angle Regularization 33
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Automated Machine Learning (AutoML) Modeling

Model Model

Selection Training
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Machine Learning Workflow
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Criminal Spatiotemporal Data Mining
Spatial Big Data
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Crime impact . Predict areas with
factors analyzation high crime rates

EEORYST

Carry out effective prevention
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Data Description

 Drone data
e (0.05-meter resolution

e About 9km?
* Tile Size: 800 * 800

 Building Vector Labels
* About 1,000 labels

e Pretrained Model
e About 50,000 labels

42



Al GIS Workflow

Training Data

S L ——

Label

Train

Verify

Model Generation

Validation Data

Model Output

Inference

——

Outcome

Test Data
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Al Extraction Results

- ey o Ll

Binary classification results

Algorithm: FPN
Training Time: 3.5h (GPU)
Accuracy: 10U=0.72



Summary Statistics

)) of buildings in
each region

Vector: Summarize Features

Raster: Zonal Statistic
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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
. Severe Drought
. Extreme Drought
. Exceptional Drought

B~ WD

\ ¢ Intensity
None
DO

D1
D2

S, o) I o3
S 4'N Data




X

Training Data Preprocessing

In [2]: import pandas as pd
import numpy as np
from sklearn.metrics import accuracy_score

In [4]: data = pd.read_csv(r'.\archive\train_timeseries\train_timeseries.csv')

In [5]: train_data = data.dropna(subset = ["score"])
train_data = train_data.round({'score': 8})
train_data.astype({'score': 'int32'})
train_select = train_data.loc[(train_data.date=='2000-06-27') | (train_data.date=='2000-87-04"')]
train_select = train_select[train_select.columns[2:]]
train_select

Out[5]:
PRECTOT PS Qv2M T2M T2MDEW T2ZMWET T2M_MAX T2M_MIN T2M_RANGE TS WS10M WS10M_MAX WS10M_MIN WS10M_RANGE WS50M  WS50M_
178 219 100.24 1416 2765 19.32 19.32 35.88 20.14 15.74 2827 143 211 111 1.00 2.98 5.20
185 0.03 100.31 1293 2971 17.93 17.93 37.55 2242 15.14 3007 157 2.40 1.10 1.30 2.96 496
6388 246 10129 1559 2732 2114 2115 3281 22.40 1041 2807 198 3.24 1.10 2.14 3.13 4.33
6395 0.06 101.38 14.10 29.12 1946 19.46 3547 2410 11.37 2932 186 2.97 0.48 249 2.90 4.61
12598 206 100.51 1443 2719 19.78 19.78 33.90 20.97 12.93 2775 183 3.22 1.09 214 3.36 4.85
19282235 0.81 7646 533 1042 0.74 0.76 16.41 3.53 12.88 10.03 255 4.67 0.55 412 441 7.78
19288438 0.40 7674 583 1511 212 213 2326 5.87 17.38 1542 344 6.40 0.66 5.74 4.93 8.34
19288445 0.04 7632 422 1487 -2.63 2153 23.05 6.34 16.72 1524 296 5.85 0.49 5.36 4.32 7.55
19294648 3.40 83.67 6.50 13.82 4.97 4.97 20.03 7.70 12.33 15.96 3.48 5.51 1.24 4.27 4.50 7.17
19294655 0.16 8285 5325 2103 152 157 28.98 12.62 16.35 2283 294 5.76 0.94 4.82 4.18 704
6216 rows x 19 columns
? In [6]: input_data = 'train_select.csv' 48

train_select.to_csv(input_data, index=False)

]



1%

Mode Training

In [16]: from iobjectspy.ml.analyst import AutoMLTrainer

config ="tabular_automl_train.sdt’
output_model_path = 'out_dir’
output_model name = 'drought_automl_model_ Perform’
train_data = os.path.join(output_data_path, output_name + '.sda')
while os.path.exists(output_model_name):
output model name = output model name + ' 1°'
AutoMLTrainer(output_model_path=output_model path, output_model name=output_model name, mode='Perform',
config=config).tabular_train(train_data)

AuteoML directory: out_dir‘drought_automl_model_Perform

The task is multiclass_classification with evaluation metric logloss

AutoML will use algorithms: ['Decision Tree', 'Baseline’', 'Linear', 'Random Forest', 'Extra Trees', 'LightGBM', 'Xgboost', 'CatBoost', 'Ne
ural Network', 'Mearest MWeighbors']

AutoML will ensemble availabe models

AutoML steps: ['simple_algorithms', 'default_algorithms', 'not_so_random', 'insert_random_feature', 'features_selection', 'hill_climbing_
1', "hill_climbing_2', "ensemble']

* Step simple_algorithms will try to check up to 5 models

1_Baseline logloss 1.258837 trained in 1.12 seconds (l-sample predict time ©.8359 seconds)

2_DecisionTree logloss 1.89848% trained in 35.15 seconds (1-sample predict time ©.8519 seconds)

3_DecisionTree logloss 1.8582%7 trained in 28.86 seconds (1-sample predict time ©.8519 seconds)

4 DecisionTree logloss 1.849632 trained in 31.85 seconds (1-sample predict time ©.8748 seconds)

5_Linear logloss 1.833882 trained in 5.18 seconds (l-sample predict time 8.8798 seconds)

* Step default_algorithms will try to check up to 7 models

6_Default_LightGBM logloss ©.474582 trained in 39.73 seconds (l-sample predict time ©.8788 seconds)

ntree_limit is deprecated, use "“iteration_range’ or model slicing instead.
ntree_limit is deprecated, use "“iteration_range’ or model slicing instead.
ntree_limit is deprecated, use "“iteration_range’ or model slicing instead.
ntree_limit is deprecated, use "“iteration_range’ or model slicing instead.
ntree_limit is deprecated, use "“iteration_range’ or model slicing instead.
ntree_limit is deprecated, use "iteration_range’ or model slicing instead.




Mode Inference

In [17]: from iobjectspy.ml.analyst import AutoMLInference
out_data = os.path.join{'out_dir", 'test_out.csv')
model_path = os.path.join(output_model_path, output_model_name, output_model_name +
predictions = AutoMLInference(model_path).tabular_infer(test_data, out_data)

ntree_limit is deprecated, use " iteration_range’ or model slicing instead.

In [18]: predictions

out[18]: ¢ predicted
e 8.8
1 8.8
2 8.8
3 8.8
4 8.8
6211 1.2
6212 1.2
6213 1.2
6214 8.8
6215 1.2

[6216 rows x 1 columns],
"out_dir\\test_out.csv')

'.sdm')

50




Automated Machine Learning (AutoML) Modeling

* Model training process visualization

 Learning Curve
» Confusion Matrix
* Feature Importance
 Precision Curve

Normalized Confusion Matrix Top-25 important features

ROC Curves
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Selectimage Classification
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Spatial Visualization for Al{Faffic Monitoring Visualization)

Traffic Situation Monitoring and Control System

r 8
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Real-Time Al Vehicle Recoghnizing Platform
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