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1. Point feature is the most active component among all spatial information. 

2. The promotion of sensors makes the amount of point data to be huge. This has 
brought great challenges to the current sequential computing environment.



Methods for solving points clustering, overlaying
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 The development of map generalization 
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 Usability:  measured by the efficiency, effectiveness and satisfaction in the use of the 
given set of data by particular users for a specified application (purpose). 

Efficiency: High Performance computing of map generalization

Effectiveness and satisfaction: Dynamic Model, User Model for map generalization
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On-the-fly map generalization

Cloud Computing
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Parallel Computing Distributing Computing

• The evaluation of decomposability of  map generalization oriented 
parallel computing.

• Data and task decomposition methods for the parallel computation of 
map generalization.

• Realization of parallel computing of map generalization in different 
parallel computing environment(Open MP, MPI, Pthread).

• Realization of Cloud computing of map generalization
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Source: Bereuter P, Weibel R. Generalization 
of point data for mobile devices: A problem-
oriented approach[C]//Proceedings of the 
13th Workshop on Progress in Generalization 
and Multiple Representation ICA Commission 
on Generalization and Multiple 
Representation. 2010: 1-8.Geometric algorithms for point 

generalization on mobile devices. 



Usability analysis of point generalization in mobile environment

Langran G E, Poiker T K. Integration of Name Selection and Name Placement: Proceedings of 2nd International Symposium on 

Spatial Data Handling, Seattle, Washington, USA, 1986[C].

Kreveld V, et al. Efficient settlement selection for interactive display. Processing of Auto Carto 1995, 12, Bethesda, Md: 287-296

De Berg M, Bose P, Cheong O, et al. On Simplifying Dot Maps[J]. Computational Geometry-Theory and Applications, 2004, 

27(1):43-62.

No. Operator Algorithms Time complexity

1
Selection

Se lect ion  based  on  t h e  att r i b u te 
information

2 Selection based on the relation

3

Simplification

settlement-spacing ratio algorithm

4 distribution-coefficient algorithm

5 gravity-modeling algorithm

6 Circle growth algorithm

7 ε逼近算法
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Traditional  point data decomposition method
         R*Tree      N-KD Tree     K-Means++   Hilbert Code

Antonin Guttman,1984；Kap S. Bang，1996；Fu X D，1997；Zhu Qing, 2007

 Methods      Type Efficiency Characteristic

  R*Tree
Spatial Index

middle It is difficult to take into account spatial clustering and load 
balancing.

 N-KD Tree high

 K-Means++ Spatial Cluster high Fast but the data is inclined, it is difficult  for load balancing.

 Hilbert Code Mapping 
function low

It can keep the spatial proximity but the decomposition cost 
a long time.



Hierarchical Stroke Mesh
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Thomson and Richardson , 1999; Zhou and L i, 2012 ,B Jiang, X Liu.2004,2007, Z Li, H Yan.2004, T Ai., OZ Chaudhry,WA Mackaness,2008

Data Decomposition Method based on Hierarchical Stroke Mesh (DMHSM)
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(a) 原始数据集

(b) Hilbert code
(c) N-KD tree

(d) R* tree (e) K-means++

(f) DMHSM

1. Contrast for the point data decomposition
• Microsoft Visual Studio .NET 2010 + .NET 

Framework 4.0

• CPU: Intel(R) Core(TM) i7-3770 CPU @ 3.4GHz

• Study area: Nanjing Xinjiekou Area

• POI :12006   Stroke:69



Decomposition 
methods

    Decomposition result   time



Parallel computing of POI selection 
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Area POI Scale Stroke

Beijing 207710

1:2000 2042

1:10 k 649

1:100k 361

1:250k 225

Xian 59650

1:2000 1408

1:10 k 816

1:100k 389

1:250k 241

POI generalization platform: GDAL2.0.0+MFC



Results of Xian
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Results of Beijing
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Results of Xian data on 24 threads 

22



Outline

01

02 Methods of Point Data Partitioning

03 Points generalization based on cloud

04

Introduction

Discussion and Conclusion

 China - Czech cooperation project

05



Background

With the proposal of cloud computing method, the efficiency of map generation 
has a new computing platform.



Research objectives

1. Proposing a method for calculating map load which is more effective and 
suitable for cloud computing environment. 

2. Building a cloud-based points generalization platform.

3. Based on the MapReduce parallel computing model, some frequently-used 
points generalization operators are implemented. 

4. The validity and efficiency of the functions on the platform are verified with the 
real point data.



A method of calculating the map load on cloud (1/2)

Map load is an indicator to measure the account of map content, and also is the main 
constraint to control map generalization.

The traditional cartographic generalization relies on the Square Root Model to calculate 
the map load. The formula is as follows:



A method calculating of map load on cloud (2/2) 
The Method of Calculating the Point Load Considering the Constraints of the 
Square Root Model and the Hierarchical Stroke Mesh

Constraints of the Square Root Model Constraints of the Hierarchical Stroke Mesh

Compared the results of the two constraints in a mesh, the smaller one is the main 
restriction in the mesh.
1、This method considers the load balancing, and is suitable for the cloud platform. 
2、Maintaining the spatial distribution of the points.



PGPC (Points Generalization Platform based on Cloud)

Software structure Hardware structure



Functions of PGPC (1/4)

Data 
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Data query

Points 
simplification

Points 
displacement

Introduction



Functions of PGPC (2/4)
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Functions of PGPC (3/4)
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Functions of PGPC (4/4)

Data 
decomposition

Data query

Points 
simplification

Points 
displacement

Introduction

Red dots are the points after displacement, green dots are original data.



Experimental Data

Layers Number of points or roads Amount of data

Point data of Xinjiekou Nanjing 12,006 1.14M

Road data of Xinjiekou Nanjing 70 26.5K

Point data of Xian 59,650 22.8M

Road data of Xian 513 362K

Point data of Beijing 207,710 171M

Road data of Beijing 1,292 314K

Simulation point data of Xian_1 300,000 189M

Simulation point data of Xian_2 500,000 240M

Simulation point data of Xian_3 1,000,000 495M

Simulation point data of Xian_4 2,000,000 1.3G

Simulation point data of Xian_5 3,000,000 5.3G

Experimental design

Experiment and data

• Comparing the results of  the circle-
growth algorithm on PGPSM and 
PGPC

     Data: Point data and road data of           
                Xian
     Purpose: Verify quality of PGPC

• Comparing the results of points 
selection operator using different 
number of nodes on PGPC with that 
o n  s e q u e n t i a l  c a l c u l a t i o n 
environment

     Data: Data of Nanjing, data of Beijing, 
               data of Xian and simulation 
               data 1~5
     Purpose: Verify efficiency of PGPC

 PGPSM：Points generalization platform based on single machine environment



Result in PGPSM

Results of the circle-growth algorithm
Raw data (Stroke mesh + points of Xian) Result in PGPC

 The calculation in PGPSM only considered the constraints of the Square Root Model
 The calculation in PGPC considered the constraints of the Square Root Model and the Hierarchical Stroke Mesh



Efficiency of PGPC (1/2)

Time consuming of points selection with 10k~500k points Time consuming of points selection with 500k~3000k points



Efficiency of PGPC (2/2)

The speedup ratio compared with sequential calculation



Patents



Software copyright
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Dynamic mapping for risk and crisis 
management in big data era

China-Czech Intergovernmental Science and Technology 
Cooperation Project 2017.4—2019.12



• Now the staff has 50 members, including 1 academician, 11 doctor’s 
tutors, 20 professors, 20 associate professors, 8instructors, 1 
secretary and 1 lab assistant.  

• National Science and Technology Platform: Data-sharing Network of 
China Earth System Science－Network branch of middle and lower 
reaches of Yangtse River

• Environment and disaster
• Geography
• Economy
• Land use……



Cooperation basis

2016.10

2014~2016

2000~2014

1998~2000 

 Begin the cooperation

    exchange visits and carry 
out regular cooperation

    Jointly papers, apply for 
international cooperation 
projects in Jiangsu Province

    ICA Committee on D 
&E held in NJNU



Background

The core of geographic research: Earth Surface System
Scientific data: the basis for scientific research

The Core issues of geography: pattern, process, mechanism

Ø How does big data relate to disaster 
events?

Ø What kind of data mining method?

Ø What kind of data clustering method?

Ø ……

Human geography :  pos i t i ve 

response

GIS: leading

Physical geography: still thinking

Social media, behavior 
t ra j e c to r y,  s e n s o r, 
VGI……

R e m o t e  s e n s i n g , 
surveying

Features, scale……

Geography encounters big data: coping and thinking



Select data source for different types of disasters

Normal data source

Basic Geodatabase Sensor

Emergency data source

Drone Emergency RS Surveying

New data source

Social media VGI Business data

Disaster type

Scale, process, 
mechanism

Disaster map 
design

Map symbol

Map hierarchical 
elements

Map scale

Map color

Map generalization 
model

Map generalization 
method

High performance 
computing

For different users, different disasters online map
Area match

Map interaction

Integration

Online edit
Public help map Government decision map Disaster analysis map

For different users

…
TyphoonEarthquake Drought

For different disasters

…
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Dynamic people distribution at multiple scale
Location Based Service data from 
Tencent Big Data center:
800 million users/day
50 billion location request/day



Map

Big data Risk and 
disaster

Earthquake

Flooding

Typhoon

Landslide

FireTsunami

New media data
VGI

Sensor

Emergency RS

Basic Geodatabase
Drone

Drought

Discussion

Model
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