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OGC China Forum

& - (C @& external.opengeospatial.org/twiki_public/ChinaForum/WebHome

B LandAdminDWG Ihe UGC China Forum will be open 1o all VGL member organizations residing In China, or conductng business in China.
MLSdwg o
Main Activities
MarineDWG
MassMarket 2020
B MetOceanDWG _ _ _
B NREwg « Environmental Data Retrieval AP| Standards Working Group (SWG)
NetC.DFu - Github for EDR API: https://github.com/opengeospatial/Environmental-Data-Retrieval-API
g‘gg‘CF"r“m - Github for EDR API Sprint (March 18-20): https:/github.com/opengeospatial/ EDR-API-Sprint
PointCloudDWG 2019
QualityOfService
B sSWE + OGC Innovation Program: Disaster Resilience Pilot (DRP-2019)
SWEProCitSci
Sandbox - Flood: Emergency Response and Impact Assessment Demo Slide
SmartCitiesDWG - Youtube channel with the DRP: https://www.youtube.com/playlist?list=PLQsQNjNIDU84zs69bNX__QfZZCTHbg5YN
System e : :
+ Open Standards for Smart Cities: Integrating BIM and Geospatial (GIS), Hong Kong
TemporalDWG
UKIAP2013 2018
UrbanPlanningDWG
Vocabulary + OGC China session in the International Workshop on Big Geospatial Data and Data Science (BGDDS 2018), Wuhan
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OGC China Forum

< C & ogcorg/ogc/regions/china

Latest membership of the OGC China Forum includes:

e Wuhan University

e |nstitute of Remote Sensing & Digital Earth, Chinese Academy of Sciences
e Aerospace Information Research Institute, Chinese Academy of Sciences
e Peking University Collaborative Innovation Center for Geospatial Big Data
e Zhengzhou Institute of Surveying & Mapping

e Zhengzhou Zhonghe Jingxuan Information Technology Co. Itd

e Fuzhou University

e Nanjing Normal University

e Chongging Survey Institute

e Superman Software Co., Ltd.

¢ Terra Info Tech (Beijing) Co., Ltd.

e Hong Kong Polytechnic University

e |ands Department, Hong Kong SAR Government

e HKSARG, Development Bureau

e Ribose Inc.

The China Forum is chaired by Peng Yue of Wuhan University. For questions or to become involved, please contact Peng Yue.

The OGC China Forum will be open to all OGC member organizations residing in China, or conducting business in China. For more

updates, please visit https://external.opengeospatial.org/twiki_public/bin/view/ChinaForum/WebHome
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- 1. Big data infrastructure for GlServices

» 2. Using engineering data for better GlServices
e 3. Cases

* 4. GeolS platform

« 5. Conclusions
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GIS Evolution

GISystem GIScience GlService R
A

<€ >
<€ >

1960° s 1970 s 1980° s1990° s 2000° s 2010 s 2020" s

Three Peaks of GIS
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GlServices

* Service: distinct part of the functionality that is provided by an entity through
interfaces (1SO)

 Web service: software systems designed to support interoperable machine-to-
machine interaction over a network (Booth)

* GlService: functional software entities with interfaces that can provide

geospatial data, information, and knowledge across the Web
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Traditional GlServices

Interfaces/Interoperability are important

Catalogue Service for Web

@ Web Feature Service

Web Coverage
Service ervices @ Web Map Service

. Web Processin
Web Map Tile J

] Service
Service .

SOS, SPS, ...
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SDI (Spatial Data Infrastructure) Layered on Services
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1. builds query screens for
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4. presents maps or data
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Big Data Context

From “SDI above services” to “BDI behind services”

Big Data Infrastructures(BDI)
* Data
infrastructure
* Computing
Infrastructure

 Modelling
Infrastructure

..........

OpenMI  _..--- e CCA
“Earth
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e Data Computing, *
Model Method " OpenMP
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. rnongoDB o

Recent Activities in Earth Data Science. Yue et al. 2016. IEEE GRSM, 4(4)
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Big Data Context

Infrastructures dealing with data life cycle

Publication and Sharing

Disposition «- Long-Term Preservation

e -

Planning —#» Collection#» CEIEIET and—h Analysis
Transformation

I f I

Provenance
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Big Data Context

Infrastructures dealing with big data analytics

-----------------------------------------------

Parallel
Interface

Parallel Geocomputation
Algorithms Library

Distributed Comuting
MPI. MapReduce
CPU Parallel GPU Parallel
Computing Computing
OpenMP CUDA/OpenCL

Script

Geocomputation
Modeling Tool

MPICH

Collective Communication / P2P

LAM-MPI
MPI Model

OpenMPI

Cluster Manager

YARN
Hybrid Parallel

Mesos Hadoop

Architecture

High Speed
Processors

Cluster Systems

J  ssssss  s==c=

High Speed
Switches

Memories

i

Stream Processing

ity

Spark

MapReduce Model

Cluster Systems

Switches

(a, ] @ [ W W
( o n"“’m} Multi-Core
L GPUs Computers _/

2020 International Smart Cities e-Forum | BEIHTHERAR LiRE



Big Data Context

Infrastructures dealing with Model Web

i IEM Framework :
: Control OpenMI Model service
center Component | _ based on WebSocket

initialize {l = '
initialize ‘|'| connecting ‘U

Loop GetValues _
GetValues Request '
> Business
Response logic
basedon@ | ponsc P
time step I
,,,,, ValueSet [fe— "¢ :
ValueSet
finished _*

| finished

=D disconnecting =[]

Coupling components and services for integrated environmental modelling. Gao et al.
2019. ENVSOFT, 118
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Big Data Context

Hybrid infrastructures support Intelligent GlServcies
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GIS Engineering

A little bit more engineering for GIS

* GIS engineering combines GISystem, GIScience, and GlServices

* GIS engineering has become a bachelor degree program in China in 2016,
due to the increasing market for GIS engineers in many engineering
projects

* GIS engineering is more important compared to its development decades

ago due to wider applications
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Traditional GIS Engineering

* Software engineering activities

* Hundreds of thousands GIS projects developed
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Engineering is yet another big Data
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Big Data Context

New questions:

 Can we get the GIS engineering data?

* How much is reused from past GIS projects?

data, algorithms, workflows, GUIs, infrastructures...

* How can we expedite development of GIS projects?
cost, schedule, mutual enrichment between GeoAl and GIS engineering,
concept drift, metamorphic testing...

 Can we recommend best practices?

Imbalance between published algorithms versus workable ones in

projects...
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Big Data Context

Two bullets:

* Primarily we need make big GIS engineering data sensible and
accessible

* An infrastructure for GIS engineering is needed

A little engineering data goes a long way

= EE ¢ H0 | -
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Cases: natural disasters

A natural disaster is a major adverse event resulting from
natural processes of the Earth; examples are floods,
hurricanes, tornadoes, volcanic eruptions, earthguakes,
tsunamis, and other geologic processes. A natural disaster
can cause loss of life or property damage, and typically
leave some economic damage. [NOAA, USA]

« Complex process and mechanism
» Wide coverage, large mount of secondary disasters

* Real-time timeliness requirement of disaster monitoring and response

Earthquake === 2
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Cases: natural disaster risk management

Spatial Planning

Situation Analysis

Communication
Damage assessment

Resilient Prevention &
Recovery Mitigation

Response

Crisis Maps /
*Risk Transfer

D )

Disaster

Various models

Resilience / Simulation and Modeling

Vulnerability Analysis

Evacuation Planning

/ Needs Assessment

Forecasting
Early Warning
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One Belt One Road Disasters

« According to the international disasters database EM-DAT, 4580 large
disasters occurred in the One Belt One Road region from 1980 to 2015.
Floods, storms, and earthquakes have top numbers, representing respectively
37.28%, 24.86% and 12.81% of the total number of events.
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Various Processing Flows

Rendering

Blending

_ G -' I ""‘ 2 ; -
A workflow for change extraction of water coverage area from remote
sensing imagery
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Various Processing Flows

g

Atmospheic
Correction

M High

Low

Mapping Silt Inversion Build Mask

Turbidity extraction from the remote sensing imagery
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Various Processing Flows

MODIS data Image Clip Band1l
band1l Clip data

MODIS data Band4
band4 Clip data

MODIS data
band3

Layer stack

Result
data

A workflow for haze detection from remote sensing imagery
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Various Processing Flows

Topographic

Raster Clip i
Clipped raster Index
Raster data data Raster data
Hargreaves
» :::;j:::::::; TO P M o d e I
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A workflow for watershed runoff simulation
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Various Processing Flows

Raster data clip

Vector data clip

DEM Flow Flow

Ta I 5
E> IT.‘P. :>..f.-é.. 4‘5 .E
= N
I bl = _';'
Road vector Road raster F —| 1 1 -.

Overlay result

A workflow for urban waterlogging from DEM and vector data
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Creating stores holding GIS engineering data

Data Store

Location info

App Store
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GeolS: Geospatial big data enabled Intelligent Service platform

GeolS Platform Portal & GUI

App Service API Task
Store Data Service Processing Service Service Control % €enter
Model Store
App ~ Spatial- Geoprocessing |
Classifica | | temporal Algorithms App
tion ! parallel Data Mining and Monito
| processing Models ring
App/Map fﬁf ,::‘::,::::::::::::::::::::::::::::::fﬁ‘ :
Context Model Designer Model Executor :
Data Store ]
App . . Middle
Business | ware
: St M i External Storage Internal Memor
flow ; orage Viapping s 8 a Monito
Template ; —> ring
| Data Model Vector,Raster Key-Value,HDFS
App GUI Catalogue& _ Data Search& ' Data Source Node
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ring
Platform Infrastructure -
_’.
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GeolS

Data Store :

Accommodating various geospatial data resources, heterogeneous data, and

real-time observations, using distributed nodes

& LEESRAEETE

G G B - G

* Metadata-based Warehouse management

“
(o
L]}

-
g
=

e Large distributed geospatial data storage: In-
memory SpatialRDD, External storage
HDFS/HBase

e Tag based topic management & tmsmasave

» Search: Category search, full text search

* Browse: data browse, map browse

* More data source plug-ins: Oracle, ArcSDE ,

MySQL , MongoDB, PostgreSQL, MariaDB,

Netdisk file, OGC data/sensor services
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GeolS
Distributed Data Storage

Image DB Tile DB Vector DB Chart DB
APT API API API
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High bandwidth interconnection
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GeolS

. 3 1208

Data Publication
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Data classification
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GeolS
Model Store :

Libraries of algorithms, models, tools, workflows, and their high performance

implementation in computational infrastructures
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GeolS: SPARK Processing for Vector Data

Mlzr;eorry Spatial data processing algorithm based on RDD
Spatial operation algorithm -
GIS Geometry object module Distributed
| : memory
kernel Geometry object factory spatial object
Spatial index

Storage layer

<

Spatial table

Distributed database

Distributed file

Cloud computing ]

resource layer

‘ Node management ‘

‘ Fault tolerance

\ Load balance \

\ Log management

Storage vector data in HDFS
and HBase with self-adapted
GeoHash indexes

Mapping vector to
distributed memory spatial
objects with Spark RDD

Integrating GIS kernels with
designed RDD to achieve
distributed spatial computing
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GeolS: SPARK Processing for Raster Data

Large set of
satellite images

Single multi-band high-resolution
satellite image

Image 1  Image 2 Image n
Band 1 Band 2 Band n ‘
RsBundlelmage Container |
Block 1 Block 2 Block n | § f I
l l ‘ l ) RDD<inPath:String, image: RsImage>
RDD-<path:String, image: RsImage> . ‘
l Dataset 1 Dataset 2 Dataset n
Node 1 Node 2 Node m ‘
Node 1 Node 2 Node m
Task 1 Task 2 Task m ‘ ‘ ‘
l Task 1 Task 2 Task m

RDD<blockID:Int, image: RsImage>

v

Distributed File System

[ RDD<outPath:String, image: RsImage>

+

Distributed File System
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330

GeolS: Machine Learning for Predicting Computational Intensity
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Yue et al.,
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MDI-RF has the highest accuracy ,
achieve better fitting results

AF-GBR, RFE-GBR, and RReliefF
has the low accuracy, and load
Imbalance

Load balance results depends on the
combination of selected features and
regression models

Different geoprocessing has
different better feature selection
algorithms and regression models

JGIS (2020 , https://doi.org/10.1080/13658816.2020.1730850)
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GeolS: Stream Computing for Sensor Web observations
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|- Terrain Waterlogging Area |
____________________ o

Shangguan et al., Environmental Modelling & Software (2019)
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GeolS: Reusing Legacy Processing Library
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Model parallelism Model description WPS
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GeolS: Data and Model as Services

Sensor Image

Web Service
integration

Location Communlcatlon Evaluation Decision

Service workflow
management

Dlsaster model <

Resource (b_Dg'Fa Process 1
integration n '”9>

> (Workflow engin@

1

g>_. Process n

Disaster service API

O—  Data service Dlsaste_r data
AP : - __service AOPI
O— Processing service ﬂl][> Disaster processing
service <
o——1 Model service Dlsaster_model
service -

Exposing data, algorithms, and
models as Services, and provide
service APIs to access them
Establishing a catalog service to
manage Sservices

Design a workflow engine to
Integrate data and processing
services

Support customization of
workflows for different scenarios
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GeolS
App Store :

Managing a set of GIS projects, making engineering data sensible and

accessible, reusing templates to expedite project development

Natural Disasters

Yushu Earthquake BeltRoad

B e .5

L N ]

Smart Sales

. L T
£ ey 2N o
e . .
4 -, £ '
" o [ -3
3 L] ol . 4

LN ]
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GeolS for Natural Disaster Risk Management

Platform status Platform menu

G\ A Set as home page @ admin &
Disaster emergency service platform home page Disaster Monitoring  Disaster assessment v Disaster decision support v Disaster operator management Settings

-,
()

232 32 5 8 good 47 0
Disaster data capacity (GB) Total number of tasks (a) Being processed Ended disaster Communication status Decision report (parts) Visit today (times) Total number of data
sources (a)
I Yushu earthquake in Qinghai ~ Disaster processing procedure  ~* Disaster details LExpross Entry

Disaster start time Disaster duration Current economic loss (10 000 &
21:29, June 17, 2015 yuan)
3728
. Data Calculation Service
Earthquake center location Current number of injured Registration customization publication
Lushan County, Ya'an City, Sichuan (person) Current death toll (person)
Province 3208 328

|l Operation and maintenance center

Magnitude prediction Seismic source depth(km) Current aftershocks Server overview (a)

70 14 34 i . ——

~* Disaster processing procedure  ~* Disaster details

time span Space span Number of disasters

| Create disaster project

1990 - 2015 18 provinces including Hainan, 141

Fujian, Zhejiang, Gansu and Xinjiang . . Create disaster project
CAsualties Direct economic loss(10 000
Indirect economic loss(10 000  yuan)
yuan) 72819
Effeckive number of prevention 72819 | exception information ovgrview
Effective disaster prevention
Estimated loss reduction (10 rate
000 yuan) 23.6%
1821

~ Disaster processing procedure  ~ Disaster details

Disaster start Nme Submergence range Effected people
19.87 square kilometers 125

SR : v .
Disaster Projects Platform information
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Yushu Earthquake Project

Map view

Yushu earthquake

%%  Emergency response of earthquake disaster in Yushu

source  aftershocks
depth (km)

Number of killed 2698
B confirm identity 2687
B missing 270

injured 12135

| 3646 || 213 | [ 96355 |

Road damage House
(km)

damage

economic loss
(10 000 yuan)

Agricultural damage
area

34 (1.38%)

The damaged area
of the woodland

grain damaged area 2263 (92.07%)

147 (5.98%)

damaged area of
water

Secondary disaster
Rainfall $ 6 6 & & 6 & '259"“

/“ N N //*‘ X
35% 25% 40%

Landscape Debris Flow Other

aeoloaical
name description
undefined

undefined
undefined

undefined
ndefined undefined

14 (057%)

time
7day

Communication equipment status

satelite partable stziion Terminal 2 - V class

LAY Terminal 3 IV class
Drone 4 V class
Drone 1 V- class
Terminal 4 V class

Satellite 3 V class

16Mbps
9.6Mbps
16Mbps
16Mbps
9.6Mbps

16Mbps

11 L
O ERBR

‘ communication devices device name data type transfer speed device s...

standard
standard
standard
standard
standard

standard

Primary Concerned Disaster factors
pak

18—11—06 Tuesday

3098d 1h 14833 ‘ ‘

nusl—I

2010-4-14
7:43

Time | | Theduration | | Casualties

| News and lyrics

Official news’ =) Public opinior

" ( 5%> e

NS @

| China Broadcasting Network
Beijing April 15th news Accordir g

From: Weibo zhang**

\ | The Yushu earthquake wounded -
{ | began to be sent to Chengdu
| From: WeChat

r————

zhang**

jData processing progress

Processed number { 28 ] To be processed [ 5 | Total processing data [ 33 } Data processing status {Prm:es
3 J L

“instructions time

vegetatlon extraction "

Data processing run chart

1.66%
progress

th 1Sk Zh 25h 3h 35h

slow 18.4min

14.Bmin

mednan ﬁltenng o e

Edge detectlon n

slow 28.6min

Needs assessment/Social media
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Guanting Flood Project

Disaster emergency service platform

Guanting Reservoir flood disaster
Disaster occurrence time: 2018-05-23 08:11:00
current time:2018-11-06 10:05:02 Tuesday
Process estimated completion time: 14 hours

Disaster emergency coordination monitoring platform
1 hour

Remote sensing image acquisition and processing
2 hours

UAV image acquisition and processing
3.5

haurs

Water body inundation range extraction
2 hours

Comprehensive assesssment of disasters based on multi-
source data

Disaster emergenr:y decision report

Current response step

)

Disaster emergency response
Task and responsible parties

Task name principal

Water body inundation range exTract\on Yue Jianwei, Jiang Weiguo

mission details

Excavate the water range after the disaster, and process the water inundation range

Task flow  Delivering a task Result details

NDVI calculation of post-disaster imagefiin ==
Image binarization after NDVI
Extracting water body boundary ver:tu

Analysis of water body overburden after disasterfEuuaad

Integrated data

type of data Data Format upload data

Pre-disaster water body range shp IR A
Post-disaster water range shp RS
Flooding area shp SFHEFEHAS

\

\
Upload data

Processing mission and status
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Provincial Remote Sensing Disaster Decision Support

Remote Sensing Disaster Decision Support System
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Hainan Remote Sensing DMr Decision Support System
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GeolS for Smart Cities

Platform statu Platform menu
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Smart City Projects Platform information
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GeolS for Smart Cities
Platform Operations
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GeolS for Smart Cities
Real Estate Communities Accommodation Suitability
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GeolS for Smart Cities

Urban Traffic Analysis

I 7T 3R 38 25 AT

Wuhan University  Urban Traffic Analysis
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GeolS for Smart Cities

Smart Sales (where are salesman, store, products, and profit?)
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Conclusions

* GIS engineering data is a kind of geospatial big data, which
can be sensed and accessed in big data infrastructures

« Data, Model, App are three cores in big data enabled GIS
engineering and services

« Better big data infrastructures, better GIS engineering and
services
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