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Motivation & Background

T/




ad

e

(T
=
e}
=
O
°
o}
o
o
o
J.

'
Y b
it |

(2015). Data-dr
80(4), 449-461

4

1110160 000011110 111101000000

10100006011110100
1 MZ:.:manamciﬁawmmw J0011110100000
101000000111101¢ 11110100000011110100000011 40001
55: HS_:::_ [ ]

000011110 11110100600

0100000011110100000011110100

11110100000011110100

QmwaHmwmmw

|WJ 10100000011110100000011110100000011 :Emmmr:?www 11
w 11101000000111101000000 011 _.m»nmrm

g 011110100

(@]

o

(O]

O

[

o

=

GeoJournal

F{

ller,

110000001111010(
1010000001

M

“uwc_ 0o

1011 Jagwmwwu:b_::ahw ng.cﬁmmmww_fDWﬂuomq.mwr{m
111101000000111101000000111101

et

wﬂgwhudwawm504$
1001111

01000000111
1110




Data Deluge and Artificial Intelligence?

Artificial Intelligence (Al) is:

“a system's ability to correctly interpret external data, to learn from such data, and to
use those learnings to achieve specific goals and tasks through flexible adaptation.”

(Kaplan & Haenlein 2019) .
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Geospatial Artificial Intelligence

“GeoAl can be regarded as a study subject to develop intelligent computer
programs to mimic the processes of human perception, spatial reasoning, and
discovery about geographical phenomena and dynamics

to advance our knowledge,

to solve problems in human environmental systems and their interactions,

with a focus on spatial contexts and roots in geography or GlScience.” (Gao, 2021)

Spatially explicit models incorporating spatial contexts (Yan et al., 2018) can .
outperform traditional nonspatial Al models in many tasks:
image classification,

geographic knowledge graph summarization (Yan et al., 2019),

and geographic question-answering problems (Mai et al., 2019).
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GeoAl — Additional Questions?

Questions that may surface when:

* Representing

Data

) qupUIGTIng Level of Detail ey

* Storing
* Analyzing, and

* Visualizing

Representation Knowledge
of Reality Representation

Geographic Data ...!

Synthesis &
Integration

»» Spatial Analysis K
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GeoAl & Spatial Analysis
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| GeoAl & Spatial Analysis

@
L
Has a three-folded nature: L
“ Data driven
* Knowledge Driven .

* Geospatial Application Domains
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locatedin

Knowledge Driven GeoAl

publishedinYear worksWith

(Geo)Knowledge Graph (GeoKG) (Paulheim, 2017):

* mainly describes real world entities and their interrelations, organized in a Soseta URPUNINEIN |iper|cc MEREUSIEN  United
graph,

* defines possible classes and relations of entities in a schema T

m isFollowedBy  hasAuthor workIWirh locatedin
Ontology + (Geo)Data = (Geo)Knowledge Graph potshegnew
= Graphs are supported by Semantic Web approaches and contemporary Mockinghird aspumshe,ucm. Philadelphia
NoSQL databases

* In comparison to OWL-Ontologies and Reasoners the reasoning speed is
significantly higher (see Lampoltshammer & Wiegand 2015)

locatedin

Ontology:

* Description of the concepts and their relations existing in a Universe of
Discourse (Uschold & Gruninger, 1996)

* Definitions of a shared vocabulary

isFollowedBy

Knowledge Graph of “To kill a mockingbird”
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Knowledge Driven GeoAl

“Can GeoAl algorithms be fueled by GeoKGs?

Can GeoAl algorithms utilize the inherent dimensions — Space/Time and
GeoSemantics — of GeoKGs, to accurately model spatial phenomena and
contribute to their explainability?”

Why?
* Knowledge graphs are understood by both humans and machines
= Serve foundation for artificial intelligence (Semantic Al)
= Facilitate applications such as geospatial data integration and knowledge discovery R
Semantic Web
= Spatial Linked Open Data cloud
= Open-source cross-domain knowledge graph

= Essential for describing events, people, and objects

* Geographic Question Answering (e.g. Mai et al. 2020):
= Semantically enriched contextual data necessary
= Data synthesis(!)

>> (Geo)Knowledge Graphs can serve that functionality




Knowledge Driven GeoAl

Verdict:

* Black Box Problem of Al — lack of understanding erodes trust

Approach: Causal Modeling & Inferencing
* Causal inferencing helps to achieve Explainable Al (Rueden et al., 2019)

* Represents causal relationships of a system
* Relies on expert knowledge & observational data

= Prediction under distribution shift

* What-If Questions ‘O

* Modeling of Causality with Graph(s)(!)
INPUT—)h ’—:»OUTPUT

* Causal relationships can be used to improve model interpretability (Roscher et
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al., 2020b; Miller, 2019) and help to improve model performance when
“small” data sets are available




Geospatial Application
Domains & GeoAl

Information extraction from historical
maps (Duan et al. 2020)

Detection of terrain features (Li and Hsu 2020,
PrinZ et qll’ 2022) Obstacles detected by the micro-feature model

‘;I

( andr

(d) Volcano

(a) Hill (b) Impact crater

Building
footprints
(Xie et al.
2020)

Traffic forecasting (Ren at al. 2020)
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Travels of monk Xuanzang
(629AD-645AD)

Geospatial Application
Domains & GeoAl @PLUS
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Team RG “GeoAl, GeoKG & GeoSemcm’rics”_/

People

* Omid Reza Abbasi (PostDoc)

* Franz Welscher (PhD student)

* David Robl

- Georg Weinberger ‘
= Ekanki Sharma, PhD N
* Thomas Schneidergruber

* Patrick Ablinger

T,

* Laura Elmer

* External PhDs (Matthias Winter, ...)
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Conclusion

GeoAl, GeoKGs and Geosemantics are closely related and of utmost interest
for the GlScience community!

GeoAl, GeoKnowledge Graphs and Geosemantics (can) deliver the
methodological advance to

Make significant contributions to innovative solutions of (applied) research questions from

various scientific fields .

Serve as ‘‘glue’” between different scientific fields in interdisciplinary contexts

Help us understand spatial phenomena in the data-driven era!
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