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GIS Evolution

Three Peaks of GIS

GISystem GIScience GIService
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GIServices

• Service: distinct part of the functionality that is provided by an entity through 

interfaces (ISO)

• Web service: software systems designed to support interoperable machine-to-

machine interaction over a network (Booth)

• GIService: functional software entities with interfaces that can provide

geospatial data, information, and knowledge across the Web
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Traditional GIServices
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Interfaces/Interoperability are important
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SDI (Spatial Data Infrastructure) Layered on Services
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Big Data Context 

• Data 

infrastructure

• Computing 

infrastructure

• Modelling 

infrastructure

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

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

Big Data Infrastructures(BDI)
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Big Data Context

Infrastructures dealing with data life cycle

2020 International Smart Cities e-Forum ｜智慧城市國際線上論壇



Big Data Context

Infrastructures dealing with big data analytics
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Big Data Context

Infrastructures dealing with Model Web

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 GIServcies

Towards Intelligent GIServices. 
Yue et al. 2015. ESIN, 8(3) 
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GIS Engineering

• GIS engineering combines GISystem, GIScience, and GIServices

• 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

A little bit more engineering for GIS

2020 International Smart Cities e-Forum ｜智慧城市國際線上論壇



Traditional GIS Engineering

Engineering is yet another big Data

• Software engineering activities

• Hundreds of thousands GIS projects developed
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• 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 GeoAI and GIS engineering, 

concept drift, metamorphic testing…

• Can we recommend best practices?

Imbalance between published algorithms versus workable ones in 

projects…

Big Data Context

New questions:
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• Primarily we need make big GIS engineering data sensible and 
accessible

• An infrastructure for GIS engineering is needed

Big Data Context

Two bullets:

A little engineering data goes a long way
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Earthquake Flood Landslide Barrier lake

A natural disaster is a major adverse event resulting from

natural processes of the Earth; examples are floods,

hurricanes, tornadoes, volcanic eruptions, earthquakes,

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

Cases: natural disasters
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Resilience
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Cases: natural disaster risk management
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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

Band1

Band1

Band2

Band2

Blending

NDVI Binary Rendering

NDVI Binary Rendering

A workflow for change extraction of water coverage area from remote 

sensing imagery
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Various Processing Flows

Arthorectification Radiometric 

Calibration

Atmospheric 

Correction

Clipping

NDWIBuild MaskSilt InversionMapping

Turbidity extraction from the remote sensing imagery
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Various Processing Flows

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

A workflow for watershed runoff simulation

Raster data
Clipped raster 
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Raster Clip Topographic 
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Runoff
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Various Processing Flows

A workflow for urban waterlogging from DEM and vector data

Raster data clip

Vector data clip

v v
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Road vector

Flow 
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Flow 
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v
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Overlay result
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Creating stores holding GIS engineering data

Workflows

Satellite imagery

In-situ data

GeostatisticsMap

Analysis Preprocessing

Traffic 

assessment 

Road

extraction 

Water

changes 

Disaster

population 

Disaster

assessment 

Smart Cities

Decision  

support

UAV imagery

Location info

GIS algorithms

Models

Model StoreData Store App Store
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GeoIS: Geospatial big data enabled Intelligent Service platform
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GeoIS
Data Store：

Accommodating various geospatial data resources, heterogeneous data, and

real-time observations, using distributed nodes

• Metadata-based Warehouse management

• Large distributed geospatial data storage: In-

memory SpatialRDD, External storage 

HDFS/HBase

• Tag based topic management

• 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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GeoIS

Distributed Data Storage
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GeoIS

Data annotation

Coordinated 

monitoring

Data classification

Upload data to 

Network disk 

Web service

Extract-Transform-Load

(ETL)

Data Publication
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GeoIS

Model Store：

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

implementation in computational infrastructures
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GeoIS: SPARK Processing for Vector Data

Node management Fault tolerance

Load balance Log management

Spatial table

Distributed database Distributed file

Spatial index

Spatial operation algorithm

Geometry object module

Geometry object factory

  

GIS 

kernel

Distributed 

memory 

spatial object

Memory 

layer
Spatial data processing algorithm based on RDD

• 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

Cloud computing 

resource layer

Storage layer
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GeoIS: SPARK Processing for Raster Data

Band 1 Band 2 Band n

…Block 1 Block 2 Block n

RDD<path:String, image: RsImage>

… … …

Node 1 Node 2 … Node m 

Task 1 Task 2
… Task m

RDD<blockID:Int, image: RsImage>

Distributed File System

Image 1 Image 2 Image n

RsBundleImage Container

RDD<inPath:String, image: RsImage>

…Dataset 1 Dataset 2 Dataset n

… … …

Node 1 Node 2
…

Node m 

Task 1 Task 2 … Task m

Distributed File System

RDD<outPath:String, image: RsImage>

Single multi-band high-resolution

satellite image

Large set of

satellite images
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GeoIS: Machine Learning for Predicting Computational Intensity

Yue et al., IJGIS (2020，https://doi.org/10.1080/13658816.2020.1730850) 

all features（AF）+ 

gradient boosting regressor（GBR）
recursive feature elimination（RFE）+ 

gradient boosting regressor （GBR）

RReliefF feature selection+ 

gradient boosting regressor （GBR）
mean decrease in accuracy（MDA）+ 

classification and regression tree (CART)

genetic-wrapper algorithm（GWA）+ 

classification and regression tree (CART)

mean decrease in impurity（MDI）+ 

random forest（RF）

 MDI-RF has the highest accuracy，
achieve better fitting results 

 Load balance results depends on the 

combination of selected features and 

regression models

 AF-GBR, RFE-GBR, and RReliefF

has the low accuracy, and load 

imbalance

 Different geoprocessing has 

different better feature selection 

algorithms and regression models
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GeoIS: Stream Computing for Sensor Web observations

Shangguan et al., Environmental Modelling & Software (2019) 
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GeoIS: Reusing Legacy Processing Library

ArcObjects

mapping model

Image extraction

model

Crowdsource data

processing model

C# Python C++

…

Java wrapper
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GeoIS: Data and Model as Services

• Exposing data, algorithms, and 

models as Services, and provide 

service APIs to access them

• Establishing a catalog service to 

manage services

• Design a workflow engine to 

integrate data and processing 

services

• Support customization of 

workflows for different scenarios

Sensor Image Location Communication Evaluation  Decision

Web Service 

integration

Disaster model

 Process nProcess1

Service workflow 

management

Data 

binding
Process 1

combine

register

call

Disaster service 

catalog

Processing 

service

Resource

integration

Disaster service API

Disaster data 

service

Disaster processing 

service

Disaster model

service

Data service

Processing service

Model service

API API

register

Process n
Data 

binding

Workflow engine

Data service
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GeoIS

App Store：

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

accessible, reusing templates to expedite project development

Real Estates

…
…

Yushu Earthquake BeltRoad Flood Typhoon 

…
…

Transportation Smart Sales City Environment

Natural Disasters

Smart Cities

2020 International Smart Cities e-Forum ｜智慧城市國際線上論壇



GeoIS for Natural Disaster Risk Management

Platform menuPlatform status

Disaster Projects Platform information
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Yushu Earthquake Project

Disaster loss

Map view

Needs assessment/Social media

Primary Concerned Disaster factors
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Guanting Flood Project

Current response step

Disaster emergency response 

Task and responsible parties

Processing mission and status
Upload data
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Provincial Remote Sensing Disaster Decision Support
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GeoIS for Smart Cities

Platform menuPlatform status

Smart City Projects Platform information
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GeoIS for Smart Cities
Platform Operations
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GeoIS for Smart Cities
Real Estate Communities Accommodation Suitability
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GeoIS for Smart Cities

Urban Traffic Analysis
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GeoIS 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

2020 International Smart Cities e-Forum ｜智慧城市國際線上論壇



Thank You!


