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ISA? Programme & ELISE action

European Interoperability

Programme 54 different actions

tackling interoperability
from different angles

cross-border and cross-sector
Interoperability solutions

ELISE action is the only
action focusing on the

location dimension European Location Interoperability
Solutions for e-Government

for public administrations,
businesses and citizens

Enabling Digital Government through

Geospatial and Location Intelligence
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Welcome to the ELISE webinar series

ISA2

ELISE Knowledge Transfer
activities

ELISE Webinar - The role ELISE Webinar - ELISE Webinar - ELISE Webinar -
of Geospatial for Digital Governance models, Persistent Identifiers Geospatial Technology P .
Government ecosystems and benefits (PIDs) as the glue for and Public Participation u rpose :
o . .
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e with topics of relevance to
the Digital Transformation

* by harnessing the use of
spatial data and technology.

e Share the results of ELISE

ELISE Webinar - The role ELISE Webinar - Using ELISE Webinar - The role ELISE Webinar - Location

of Spatial Data serious games in the of Organisational Intelligence and aCtiVities

Infrastructures for geospatial domain to Interoperability in the Partnerships to support °
09/10/2019 event [*) 14/01/2020 event [* 11/02/2020 event [* 30/04/2020 event [*

https://europa.eu/!nP74ph
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places of the
future
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What we will cover today

‘ 1. Introduction

‘ 2. Drivers and trends in the geospatial sector

‘ 3. Monitoring and assessing trends: from isolated studies to TTW

‘ 4. Major trends and how they fit together: some examples

' 5. Interoperability efforts and challenges: evolving architectures & standards

‘ 6. Key take-away messages and conclusions

‘ 7. Q&A (15)




Key messages

1
2

Many technological trends are emerging,
while others become ‘mature’; it is often
difficult to see the wood for the trees

In order to monitor and understand
interconnected trends a comprehensive
Technology Trends Watch is needed

Phrases.org.uk

New technological developments requires a
revision of our ‘traditional’ SDI architectures
and also the standards evolve with them

Geospatial technology, the data management,
handling and processing is changing rapidly
due to these trends







Drivers & trends

UN-GGIM Future Trends (Third
Edition, 2020) identifies 5 key drivers
and 31 related trends

1.

New data sources & analytical
methods

Technological advancements

Evolution of user
requirements

Industry structural shift

Legislative environment

Graphic 1.

UN-GGIM (2020)

Five drivers will advance change in the global geospatial information management landscape over the next 5 to 10 years
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Drivers & trends

Political realities

Population change !
Technological

developments

Economic outlook
Shifting values
Environmental
pressure

“The view of ‘everything happens
somewhere” will drive many of the
changes in the global economy as
geospatial enters the mainstream.
Developments in location-based
applications offered by non-
geospatial businesses have
transformed the way in which
services are consumed, and the
rise of autonomous systems has
shaped the increasing need for near
real-time information. The next
five to ten years will see an
unprecedented change in the way
in which geospatial information will
shape and be shaped by the global
economy”

(UN-GGIM, 2020)



Drivers & trends

Pictures: sentech.nl, nextit.com,

Innovationobserver.com

“Technological disruption in the
geospatial industry is driven by
automation, Artificial Intelligence,
sensor technology, and the
Internet of Things”

(UN-GGIM, 2020) not one but many developments

Technological advancement:

“It is anticipated that mobile data
collection, crowdsourcing, and
social media are likely to have the
greatest impact over the coming
decade”

New data sources and analytical methods (UN-GGIM, 2020)

ISA?
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Drivers & trends

“... automation and Artificial
Intelligence applications will enable
employees to be freed up from
monotonous tasks that machines
take over enabling the workforce to
upskill or reskill to perform higher
value tasks”

//m =N A (UN-GGIM, 2020)
1

/

(4
N,

“Demand for near real-
time data is driven by
the expectation of
instant and frictionless
access to information

on mobile devices”
(UN-GGIM, 2020)

“The Cambridge Analytica and Facebook

data scandal in 2018, has led to calls for

tighter data privacy regulations and data
ethics frameworks”

(UN-GGIM, 2020)

Pictures: omnitracker.com,

innovationnewsnetwork.com, businessinsider.com
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Monitoring trends: what do we speak about?

Al research was born at Dartmouth
College in 1956

What is disruptive or innovative is diputable ... It might
also already exist for a long time, but only have a break-
through recently ...

“Disruptive technology is an innovation that significantly alters the
way that consumers, industries, or businesses operate. A disruptive
technology sweeps away the systems or habits it replaces because it
has attributes that are recognizably superior (...) Recent disruptive
technology examples include e-commerce, online news sites, ride-

sharing apps, and GPS systems” Future trends, disruptive
- -
S technologies, technological

innovation ...

Various terms are used:

Pictures: wallonia.be, mediamarkt.be, industryweek.com


https://en.wikipedia.org/wiki/Dartmouth_College

Gartner Top 10 Strategic Tech Trends (2020)

Many reasons might be mentioned for e

monitoring trends:

1) To discover new markets or business
opportunities
2) Toincrease efficiency and effectiveness

3) To improve performance of (ICT) systems

Democratisation of Expertise

4) To be able to solve complex problems

“CIOs and IT leaders must assess which of these disruptive
technologies will strategically drive the most value, innovation,

and growth for their enterprise through digital transformation”

Gartner (2020) =
ISA?

Pictures: thyssenkrupp.com
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Monitoring trends: Individual Studies

Many studies from major consultancy companies:
Deloitte, PWC, Gartner, ...

Deloitte. sl Covering many aspects

Descriptive & Context
Case Studies
Maturity assessment
Companies, Government

Repeating (annually)

Tech Trends 2019

Beyond the digital frontier

Hype Cycle for Emerging
Technologies, 2020

3

Secure Access Service Edge (SASE)

. Social Distancing Technologies
Embedded Al
Data Fabric

Explainable Al

Composable Enterprise
Al Augmented Development

Responsible Al__ Carbon-Based Transistors

Multiexperience
Digital Twin of the Person
Packaged Business Capabilities . _
Generative Al
Compaosite Al
Adaptive ML _—

Citizen Twin

Bring Your Own |dentity

Social Data
-~ Private 5G
~ Differential Privacy

“.Biodegradable
Sensors

Expectations

Generative Adversarial
Networks ™

2-Way BMI (Brain
Machine Interface)

Ontologies and Graphs

() Health Passport
Self-Supervised Learning
Low-Cost Single-Board ——

Computers at the Edge DNA Computing and Storage

— Al-Assisted Design
Authenticated -

Provenance
Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity
.
Time

Plateau will be reached:
() less than 2 years ® 2to5 years @ 51010 years A more than 10 years (%) obsolete before plateau As of July 2020

gartner.com/SmarterWithGartner

Source: Gartner r n r
® 2020 Gartner, Inc. and/or its affiliates. All ights reserved. Gartner and Hype Cycle are registered trademarks of Gartner, Inc. and its affiliates in the U.S. ®
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Monitoring trends: many existing Initiatives

In the space sector, several large organisations and companies set-up a technology trends
watch or studies: examples are Airbus, ESA ...

@,

AN EADS COMPANY

Pictures: mexicobusiness.news, dw.com

dcesa

European Space Agency

To assess the key Position, Navigation
and Timing (PNT) sectors with a view to
identify the main innovation trends on
each sector

The identification of enabling actions for
the identified technical innovation trends
with the aim of future possible injection
into NAVISP

To enhance cooperation between the
industry and research institutions on R&D
subjects within PNT areas of common
interest
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Monitoring trends: consistent methodology for forecasting

“Something that is emerging can be just coming into existence,
or beginning to become evident or obvious after a period of
obscurity. While an emerging technology may become disruptive
sometime, somewhere, its potential for such disruption may not
have been recognized when it was first applied”

Covers different aspects: The TechnologyRevolution

www TechCastorg

1) Need for persistent long-term forecasting
2) Technology Forecasting methodologies R N
3) The nature of disruptive technologies

B Likely Ve

4) Reducing ignorance and bias

5) Attributes of forecasting systems
6) Evaluation of existing forecast systems
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Why OGC tracks Geospatial Technology Trends? (Example 1)

* Direction from the OGC Planning Committee

o Maintain current standards; while simultaneously addressing evolution of
technology and markets with new standards

o Establish a Technology Trends project to anticipate change
®* OGC Tech Trends initiative provides unique technology assessments

o Peer-reviewed material spanning ICT, science, and technologies

o Collection, processing, and understanding of geospatial information

®* OGC Members use Tech Trends assessments to plan internal R&D




From Technology Trends to
Applied Standards
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Technology
Trends
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ASSESSMENT

ldentify &
Prioritize Trends

Evaluate Clusters
of Trends

Responding to
COovID-19
Connected

D he
. .) utonomous

Vehicles
Cloud Native &
Edge Computing

; Urban
:’ilm Digital Twin

&
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IR
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Spatial Data
on the Web

New Space
Exploitation

Geospatial
Data Science

Open API
Management

Al & Machine
Learning

GeoIT
Ethics

Immersive
Geo: ARXR

Model
Interoperability

& Societal Goal

 Marketing Strategy

(@ Open Standard 1
Tech Trend 1
Tech Trend 2

2. Where are we now?

FOCUS

Act Based
on Trends

Policies that promote
strategy and goal

Multiple Use Cases
achieved with
interoperable

- technologies

@ New Open Standard
Running Code;
Interoperable independent

implemaentations

3. How do we get there?

Standards

Go To Market in
multiple domains.

Support of Goals

Support of Markets

Multiple
implementations
certified compliant
to open standards.

1. Whare do we want 1o go?

Identify Future

@) Why do

©) How can
we do 7



Sources for Tech Trends

Peer-Reviewed Journals,

Magazines, Newsletters

°  AAAS
*  ACM
° |EEE
* ISPRS
° SPIE
°  AGU
° EGU

°* National Academies

OGC Member publications

EuropEan
Commission

Industry publications

* Geospatial Media, Directions,
GIS Café, Coordinates,
Between the Poles, etc.

* SpaceNews

e MIT Tech Review and similar

* Web publications: Medium, Vox,

OGC Activities

Copyright © 2020 Open Geospatial Consortium

* Location Powers summits

e Standards Program:
* Future Direction workshops,
* Discussion Papers

* |Innovation Program
* Engineering Reports

Nov 2019 to May 2020:
446 sources total

«& MultiphysicsLocation Privacy

«“Augmented Reality
" pythonl | EthiCSuinMaeine
Agjglﬁlgalslntell SEnce
ground) i Models&SlmuIanon
AUtonBTRdHE Vehicles

2. 3D Models JJ Scemantics Navigation Data Standard

Machif€ L&arnifig
Edge ComputlnanvacyRemote Sensing

D Igltal TWC| Graph Databases
onnected Vehicles
5G Cellular

Categories with the most sources:

« Artificial Intelligence - 45 notes
« Autonomous Vehicles - 35 notes
« IT Ethics 28 notes

Machine Learning - 27 notes
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Geospatial Technology Explorer =

* Geospatial Tech Explorer

o Tool to understand geospatial technology
landscape
o Expose complex interrelationships

* Constructed from

o 100,000+ domain artifacts, e.g.,
textbooks, standards, BoKs manuscripts,

glossaries, etc.

o 1300-Dimensional concept space
identified with Al - NLP

o Topography metaphor to visualize

www.opengeospatial.org/OGCtechExplorer

Copyright © 2020 Open Geospatial Consortium I
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http://www.opengeospatial.org/OGCtechExplorer
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Tech Trends - Top Level CategoriesL

LOCATION &
POSITION

PHYSCIAL
GEOSCIENCES
GEQOSPARIAL
SPATIAL-TEMPORAL
MODELS

SOCIAL
CH TREN 3 GEOSCIENCES
> SENSING &
b o OBSERVATIONS
COMPUTER
ENGINEERING

DATA
SCIENCE

A
USER \ f"H‘\
INTERFACES

ISA?

Copyright © 2020 Open Geospatial Consortium



OGC Tech Trends - 2020Q3

Proximity Idenification
Indoor Positioning

Location Authentication
Dynamic Daturns

Discrete Global Grid System
Location Privacy

3D Model Creation
Indoor Models
Underground

High Definition Roads
Temporal Analytics
ARD & Data Cubes

Data-centric Computing
Machine Learning

Modeling, Analysis, Prediction
Web of Data, Linked Data
Data Science Process & Teams

Computational Reproducibility

Maps on the Web

Immersive Viz: VR, MR, AR
Simulation & Gaming

Natural Language Processing
Spatial Thinking; Spatial Brain
Artifical Intelligence

VYV

PHYSICAL
LOCATION GEOSCIENCES
& POSITION
SOCIETAL
GEOSCIENCES
SPATIAL-TEMPORAL
MODELS '_\
GEOSPATIAL
TECH TRENDS SENSING &
— | OBSERVATIONS
DATA /
SCIENCE
COMPUTER
HUMAN ENGINEERING
INTERFACES

Copyright © 2020 Open Geospatial Consortium

Precision Weather

Disaster Risk Reduction
Climate Change Impacts
Environmental Data Sharing

Pandemic Modeling, Tracing
Population Distribution

Human Activity Modeling
Dynamic Resource Management

Connected Autonomous Vehicles

SmallSats

New Sensors in Space
LIDAR Scanning
UxS/Drones

Sensor Web of Things
Crowdsourcing

APIs for the Web
Cloud-Native Computing
Blockchain

Edge Computing

Fast Streaming Data
Heterogenous Computing
5G Cellular

Space Internet

IT Ethics
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Emergent Trend Clusters —June 2020
Responding to
COVID-19

A Connected
gL %  Autonomous
{'" Vehicles
Cloud Native &
Edge Computing

s Urban
3 Ml Digital Twin

Spatial Data
on the Web

New Space
Exploitation

Geospatial
Data Science

Open API
Management

ISA?
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Al & Machine
Learning

Geo IT
Ethics

Immersive
Geo: AR XR

Model
Interoperability



EO4GEQ — Sector Skills Alliance (Example 2)

Approach to fill the gap between supply & demand for skills in
the space/geospatial sector for improved user-uptake of

Copernicus - News.itu.int
“Skills Intelligence”: “a comprehensive and user friendly information, data, Skills InteIIigence
facts, analysis and interpretation about the past, present or future skill
needs in occupations and sectors” Analysis of supply
hs » LA .
& oo Ko y P Analysis of demand
/ Q masters programme GpemiotlJ“s Gpemicus .
Op,?{é"é‘ééi? qﬁ o @ Technological and non-
Q o
opermcggg 0%16“213:’.? Gp i @ technological trends
e 4 hackathons -
,,,,,,,,,,,,,,, ((opernicus o Assessing gaps, strategy
OTHER % .
ACCELERATORS QT (OTHER USER FEEd|ng d BOdy Of KnOWIEdge
AND INCUBATORS 0 w “ 5 T R E 4 M UI'TAI(E?MEASURES
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An ontology-based Body of Know?dge

A formal description of a professional
domain

— R&D portfolio

Technology
watch
Body of
Non-Technology Knowledge

watch

Education/training

portfolio

Technology Trends Watch should feed the BoK

BoK is used for designing academic and vocational training

- Digital Twins, Sugar Land, TX




Philosophy Engineering
| ) i
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! Science Technology R Inforn':natlon
: S&T
1 \_ .
Stat':st'cs Application (Land%cape) \
: PP architecture
Phy|$ics :
' | Agriculture '
' Atmosphere & Climate Geog;ra phy
Inf | ti | Transport & mobility '
nformatics !

Disasters & geohazards

Ocean & marine

(based on DiBiase, et al, 2006)







OGC Tech Trends - 2020Q3

Proximity Idenification
Indoor Positioning

Location Authentication
Dynamic Daturns

Discrete Global Grid System
Location Privacy

3D Model Creation |—.
Indoor Models
Underground
High Definition Roads
Temporal Analytics
ARD & Data Cubes

Data-centric Computing
Machine Learning

Modeling, Analysis, Prediction
Web of Data, Linked Data
Data Science Process & Teams

Computational Reproducibility

Maps on the Web

immersive Viz: VR, MR, AR
Simulation & Gaming

Natural Language Processing
Spatial Thinking; Spatial Brain |
Artifical Intelligence

PHYSICAL
LOCATION GEOSCIENCES
& POSITION
SOCIETAL 1
GEOSCIENCES
SPATIAL-TEMPORAL
MODELS '_\
GEOSPATIAL
TECH TRENDS SENSING &
— | OBSERVATIONS
DATA /
SCIENCE
COMPUTER
HUMAN ENGINEERING
INTERFACES
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Precision Weather

Disaster Risk Reduction
Climate Change Impacts
Environmental Data Sharing

Pandemic Modeling, Tracing
Population Distribution

Human Activity Modeling
Dynamic Resource Management

Connected Autonomous Vehicles

SmallSats

New Sensors in Space
LIDAR Scanning
UxS/Drones

Sensor Web of Things
Crowdsourcing

APIs for the Web
Cloud-Native Computing
Blockchain

Edge Computing

Fast Streaming Data
Heterogenous Computing
5G Cellular

Space Internet

IT Ethics



Example 1: agent-based spatial modelling

Analysing the behavior of children in traffic. How do they experience
their environment, e.g. when going to school using the bike? What do
they see, what not ... what do they focus on? Maybe there different
types of kids (typology). Insights can be used as input to urban planning:

Technology Trends

re-engineer crossings; use of signals; re-positioning of trees ... Teaching Spatial thinking, spatial brain
programmes at school ’

 3) ._Lj “'ﬁvﬂj”

Human activity, agent-based

| modelling

Digital Twins, 3D city models

Emersive geo: AR, VR ...,
gaming

Pictures: magnetpress.net, earth.com, i "%,;" s ‘~ e Eye_t raCki ng’ eyewea r

eandt.theiet.org, 123rf.com




OGC Tech Trends - 2020Q3

Proximity Idenification
Indoor Positioning

Location Authentication
Dynamic Daturns

Discrete Global Grid System
Location Privacy

3D Model Creation
Indoor Models
Underground

High Definition Roads
Temporal Analytics
ARD & Data Cubes

Data-centric Computing

Machine Learning

adeling, Analysis, Predictigg
Web of Data, Linked Data
Data Science Process & Teams

Computational Reproducibility

Maps on the Web

Immersive Viz: VR, MR, AR
Simulation & Gaming

Natural Language Processing
Spatial Thinking; Spatial Brain
Artifical Intelligence
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Precision Weather
Disaster Risk Reduction

Climate Change Impacts

Environmental Data Sharing

Pandemic Modeling, Tracing

LIDAR Scanning
UxS/Drones
Sensor Web of Things
Crowdsourcing

APIs for the Web
Cloud-Native Computing
Blockchain

Edge Computing

Fast Streaming Data
Heterogenous Computing
5G Cellular
Space Internet
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Example 2: automatic object detection

Monitoring borders to identify refugee flows. Automatic discovery of
vehicles and boats using huge amounts of images that needs to be
continuously ‘refreshed’ (Big Data streams). Finding the needle in the

—
o 8 AT e B
-

rends

haystack by using Machine Learning and Deep Learning. Results can be Technology T
used to discover flow patterns and behavior of (groups of) people. Might
serve as input for security policy.

Big data, data analytics
Small satellites
Al, Machine Learning
Human activity modelling

HPC and Quantum
computing

IT-ethics

Pictures: room.eu.com, europarl.Europa.eu, alphagamma.eu, inifyetechnologies.com






Flexible architectures ...

Organisational interoperability

Internet of Things - sensors
Scientific and citizens science data
Private sector data
Public Sector data

Earth Observation platforms

“... actors should become first-class citizens who
participate in the co-design and co-creation of
technological solutions.”

Kotsev et al. (2020)

3JN10NASelul pnop
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Different worlds coming together OMG

ISO/IEC JTC 1/SC 41
Co-creation of standards
Event stream

Internet of Things processing
ISO/IECJTC1/SC42 —

Artificial

Intelligence SensorThings SWG W3C

|IEEE, ETSI

OGC DWG Big Data, Al

DWG
ISO/IEC JTC 1/AG 11
Digital Twin
Smart cities &
Digital Twins W3C and OGC joint
Geospatial data WG
Open Agile Smart OGC DWG Big Data, Al on the web
Cities MIM DWG

Vandenbroucke et al. (2020)



... beyond web services | 1
Indoor Pg 8
B 4 Yf
Smart cities, 3D i i
Sensor Web
Features
MOVing features OGC API - Features: Part 1 - Core is
already publicly available. Part 2 -
Se c u re a cce S s Coordinate Reference Systems by

Reference will soon be released for public

review.

Semantic web

APY'

Common

OGC API - Common provides those
elements shared by most or all of the OGC
APl standards to ensure consistency
across the family. The candidate standard

will soon be released for public review.

Q3 2020 OGC API Sprints

The Open Geospatial Consortium (OGC)
invites interested developers to the Q3 2020
OGC API Sprints, to be held through remote

participation/web-conferencing.
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Semantic data models

Traditional data models and more ...

“Despite new technological developments, the

need for the use of structured data with clearly

defined semantics across multiple domains still

remains (...) But data structures based on Spatial

Features as a basic building block provides many
advantages as OSM and Darwin Core Archive

already do to a certain extent (...) Also an
encoding-agnostic approach using different
representations would be beneficial”

Kotsev (2020)




Collaborative experimenting

Persistent testbeds
New developments and new technologies are
not being implemented overnight. Organisations
need (interconnected) test environments. Not
only academia, but companies, public sector
actors at all levels. Such environments can take
many forms and sizes. It can contain (new) data,
algorithms, software code, services, well
documented workflows, insights ... They can be
kept open for a long or short period ...

'/ . 3 Persistent
AGILE - woson iR I PTB

Sandboxing
Living labs

Collaborative
e R platforms

-~







Geospatial technology trends are
, including economical, legal and
political drivers

There is a need for a consistent

that allows analysis of emerging
technologies, how they are interconnected and might
be applied in different contexts

4 T = | 7 3 ' - = T, e T L

*, Technology trends and the fact that

2 should not make us wait to look into them and
.4 toapply them. We can with new
@ technologies in different kind of test environments




Challenges & priori

ties

.\'V-

Different stakeholders of the geospatial
community should for having
a strong technology trends watch (TTW)
system

A TTW should be used to systematically assess

requirements

The full

s on geospatial technology and
interoperability is not entirely clear yet, and
requires further investigation
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