Digital Innovators

Séminaires d.Jnnova'uon numerlque et

- /4\./ \‘\ 3

Semantic, eXP|Olt3tlon of undergrc;und
geo- Spatlal data A =

| Ly 209/08/2021;
Ashley Caselh . ' . ashley.caselli@unige.ch

Ashley Caselli - KE@QCUI - University of Geneva I
Semantic exploitation of underground geo-spatial data et services numériques

UNIVERSITE
3 DE GENEVE




Outline

Motivation
The SUBSURFACE project
The SUBSURFACE ontology

» Subsurface objects
* Geometry + WKT Geometry
GIS data to RDF

Generic rule representation model (GRRM)

SHACL engine

» Data completion / Secondary geometry generation
* Regulation compliance checking

DEMO

Ashley Caselli - KE@CUI - University of Geneva Accélérateur de Sciences ‘ @ UNIVERSITE
|

%Y DE GENEVE

Semantic exploitation of underground geo-spatial data et services numériques



Motivation

Urban planning: should the underground objects be taken into account?

* Represent underground data
e Data integration

e Data completion: 3D-ify + infer missing
information

e Dealing with uncertainty

* Regulation compliance checking
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The SUBSURFACE project

SUBSURFACE: Efficient data exploitation in urban subsurface
planning

Funded by Innosuisse, the Swiss Innovation Agency

Research partners: HEPIA, Université de Geneve

* |ndustrial partner: Topomat

Application partners: Etat de Geneve, SIG, Geneve Aéroport
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The SUBSURFACE project

Overview
4 Ontology h Triple store N 4 Frontend R
» Subsurface objects RDF instances
- Geometry » » Geospatial data » 4 Visualization )
» Completion rules (heuristics) * Rules
+ Compliance rules (regulations) * Regulations
/ E
/ t 2D/3D object visualization
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The SUBSURFACE project

Overview

Triple store N 4 Frontend R

RDF instances
* Geospatial data 4 Visualization N
* Rules

* Regulations

/ E
} t 2D/3D object visualization

SHACL engine N \ J
E * Data completion [ Compliance checking )
- Secondary geometry 6
% generation Regulation compliance
Regulations * Regulation compliance \checking report )
) checking ) \ y
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The SUBSURFACE ontology

CityObject Iodxkeometi onssfcl)_gy
We defined a set of interconnected ontologies to :]

represent the subsurface objects as well as their spatial
relationships and their geometry

CityGML ontology

Spatial relation
IFC ontology Subsurface Object ontology
N
asIFC
geometry

i

\\
S\ refersTo
asWKT3D ~2

- Spatial relation ontolo
° d

* CityGML Ontology S
« IFC Ontology (ifcOWL) @ [:

Geometry ontology

* Subsurface Objects [: \

* Geometry . ‘

o WKT Geometry Subsurface Objects ontology$\ ,:'refersTo
/

* Rules ontology

/
i

WKT Geometry

Meétral, C., Daponte, V., Caselli, A., Di Marzo, G., and Falquet, G.: ONTOLOGY-BASED RULE COMPLIANCE CHECKING FOR SUBSURFACE
OBJECTS, Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci., XLIV-4/W1-2020, 91-94, https://doi.org/10.5194/isprs-archives-XLIV-4-
W1-2020-91-2020, 2020.
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The SUBSURFACE ontology

Subsurface Objects

Each subsurface object has: T e e et

+ one solid primary geometry T :B"i:’.fﬁﬂﬁfﬂlsf;geﬁ"

. i i :Parki
one to many secondary solid geometries i uilding

v :GeotechnicalElement - : : 210 = M X
:Foundation T
:GeotechnicalVolume Equivalent To
:GeothermalDrill
:InterpileSheeting

. . :Piezometer SubClass Of
Each secondary geometry is represented as: e contactEntity only xsd:string
1 . Solid geometry :SheetPiling :dataSource only xsd:string
: :ParkingRamp :objectld exactly 1 xsd:integer
2. prObablllty :RecyclingSite - -
Tank core:_CityObject
:TreeRootProtection geom:geometry exactly 1 geom:Solid
‘Tunnel geom:secondaryGeometry some
:TunnelAndTrench ((geom:geometry exactly 1 geom:Solid)
> :UtilityNetwork and (geom:probability exactly 1 xsd:float))
> :UtilityNetworkElement
vy :NaturalObject
:TreeRoot
v :PublicLawRestriction

:ArchaeologicalRemains
:ContaminatedSite
:TunnelAlignment
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The SUBSURFACE ontology

Geometry + WKT Geometry

* Objects are associated to different
types of geometry

Equivalent To

SubClass Of
geom:center exactly 1 geo

geom:depth exactly 1 geoph:Value
geom:radius exactly 1 ggom:Value

* A solid geometry

* A 2D/3D WKT geometry

Equivalent To

SubClass Of

[ ] An IFC SOIid geometry geomiasIFCexactlyllifc:lch:Ttes.ianPoint
* A GML geometry inherited from Tt oo
CityGML, since all the objects are
City objects (according to CityGML) Example: Cyllndez1 ;v:hptor}itcenter represented
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The SUBSURFACE project

Overview

4 Ontology ) 4 Frontend R
» Subsurface objects
* Geometry 4 Visualization )
» Completion rules (heuristics)

K. Compliance rules (regulations)j E

7 1

2D/3D obiject visualization

) SHACL engine N \ J
% * Data completion [ Compliance checking )
- Secondary geometry #
generation Regulation compliance
Regulations * Regulation compliance \checking report )
) checking ) \ y
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GIS data to RDF |

GIS data Triple store
RDF instances '

data mapping

process data import
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GIS data to RDF I

Data Mapping Knowledge Template
Placeholders Data mapping: a JSON file
~>®M that links each column with a
e 7 N placeholder

| @ ¢ ®

: / o Knowledge Template: a
T @ ; graph that links each
=

property with a placeholder
Data sources Triple store

(@
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GIS data to RDF lli

Data Mapping Knowledge
{ o
"domain": "GE COR SIPV TR ", a ktmap:PH_Subject ; - syntax: Turtle
"mapping" : a sub:TreeRoot ; ! . .
{ e sub:height [ L PH_Subject is a Class
"LO":{ a geom:Value ; )
"table":"cor_raw_sipv_ica_arbre_isole", geom:uom “m” ;
"eolumn": "id" geom:value :L3 ; @
}e 1
"L1":{ geom:geometry [

a sub:Cylinder ;
geom:radius [
a geom:Value ;

"table":"cor_raw_sipv_ica_ arbre isole",
"column": "geom"

1£2"' geom:uom “m” ;
;{ - . . . " geom:value :L2
table":"cor_raw_sipv_ica_arbre_isole", 1 ;
" nw, n " ’
column": "rayon_couronne geom:center [

z . a geom:Point ;

L3 z( o ) . ) . geom:asWKT2D [
“table " c?r_raw_sJ.pv_lcavarbre_lsole ' a wkt:Point ;
column": "hauteur_totale geom:WKT2Dvalue L1 ; 0

} 1

} 13
} 1
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The SUBSURFACE project

Overview

4 Ontology ) 4 Frontend R
» Subsurface objects
* Geometry 4 Visualization )
» Completion rules (heuristics)

K. Compliance rules (regulations)j E

7 1

2D/3D obiject visualization

SHACL engine N - /
- Data completion ("~ Compliance checking )
- Secondary geometry 6
generation Regulation compliance
* Regulation compliance checking report
checking ) \\ -/ Y,
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Generic rule representation model (GRRM) |

Entity Validity Context

issuedBy /validOn

. hasPrecondition hasPostcondition .
Precondition [< Rule > Postcondition
hasExpression ﬁjecto&:dmark hasExpression
Expression Object Object Expression

Caselli A, Daponte V, Falquet G, Métral C. A Rule Language Model for Subsurface Data Refinement. In: EG-ICE 2020 Workshop on Intelligent Computing in Engineering. Berlin:
Universitatsverlag der TU Berlin; 2020:443-452. doi:http://dx.doi.org/10.14279/depositonce-9977
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Generic rule representation model (GRRM) Il

Expression Value PropValue
onArg \onProp
hasLeftOperand (hasOperator \ hasRightOperand value
"trajector”
"landmark” propname
Operand Operator Operand value uom PropValue

expression ::= operand operator operand ;
operand ::= “trajectory” | “Iandmark”

value | propValue | expressio /

Spatial operator / spatial relation = above, below,
paraIIeI close, lateral distance, vertical distance,

operator ::= mathematical | logical {
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Generic rule representation model (GRRM) llI

Example - Ordonnance sur les lignes électriques, article 134.4 (EN translation)

...the direct distance between Object — trajector and Object — landmark must
be 0.5 m per kA of short-circuit current to ground, but never less than 10 m.

| rules:Postcondition |

rules:hasExpression

rules:Expression
M‘Operand ruIes:has\(mg:hasRightOperand
rules:Expression | |ru|es:LogicaI0perator ES) | rules:Expression
rules:hasLeftOperand @Ies:hasOperawules:hasRightOperand Kkmsmprerand\rules:ha}mnes:hasRightOperand

"trajector” |sreI:DirectDistance | | "Iandmark”| |ru|es:VaIue rules:MathOperator (*) rules:PropVal |
rules:hasValue \rules:hasUoM ruIes:onArg\ules:onProp
"m” | "trajector"| | "current"|
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Generic rule representation model (GRRM) llI

Example - Ordonnance sur les lignes électriques, article 134.4 (EN translation)

...the direct distance between Object — trajector and Object — landmark must
be 0.5 m per kA of short-circuit current to ground, but never less than 10 m.

rules:Postcondition

rules:hasExpression

rules:Expression

rules:hasLeftOperand rules:hasmmes:hasRightOperand

rules:Expression rules:MathOperator (>) rules:Value

ruIes:hasLeftOperand({rules:hasOpMules:hasRightOperand ({rules:hmuer{ules:hasUOM

“trajector” srel:DirectDistance “landmark” "10" 'm"
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The SUBSURFACE project

Overview
4 Ontology B Triple store N 4 Frontend R
» Subsurface objects RDF instances
- Geometry  Geospatial data a Visualization N
» Completion rules (heuristics) * Rules
» Compliance rules (regulations)j * Regulations E
2D/3D obiject visualization
4 Data \ J
% ("~ Compliance checking )
Regulation compliance
Regulations \CheCking report )
\_ J N J
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SHACL engine

SHACL = Shapes Constraint
Language

rule

(natural language)

human orfautomated
tranglation refers to

rule

Ontology i
- city objects e __________ geo data
- subsurface objects
- geometries triple store
- rule model
- - - .
SHACL validation engine: takes as i i

) [ e ] _~ SHACL/SPARGL [ "rule evaluation
InpUt a da‘ta graph a‘nda Shapes graph (SHACL or SPARQL) . 0 “L__resuts
and produces a validation report

Language for validating RDF graphs
against conditions

SHACL rules engine: takes as input a
data graph and a shapes graph and
adds triples to the data graph.
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The SUBSURFACE project

Overview
4 Ontology R Triple store N 4 Frontend A
» Subsurface objects RDF instances
+ Geometry » Geospatial data
» Completion rules (heuristics) * Rules
+ Compliance rules (regulations) * Regulations
J
4 Data SHACL engine )
% Compliance checking
Regulation compliance
Regulations * Regulation compliance checking report
L ) checking ) \_ )
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Data completion / Secondary geometry generation

Workflow

o 0

Triple store Topomat

. server
Objects + Rules

Objects completed / | SHACL Engine |

secondary geometry
generated

Service

Service

.........................................................................................................................................

~ 1.4 million triples of geospatial data

~ 50 data completion rules (3D, missing
information inferring) + secondary
geometry derivation rules (uncertainty)
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Data completion / Secondary geometry generation

Examples

TreeRoot: Infer missing information

Glepth = height * 0.2 )
Triple store

TreeRoot: Secondary geometry generation SHACL Engine

Secondary geometry: Cylinder

center = center
radius = 0.1 + 0.90 * 0.128801
depth = 1.05 + 0.90 * 0.128801
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The SUBSURFACE project

Overview
4 Ontology R Triple store N 4 Frontend R
» Subsurface objects RDF instances
- Geometry  Geospatial data a Visualization N
» Completion rules (heuristics) * Rules
+ Compliance rules (regulations) * Regulations
/ E
} t 2D/3D object visualization
4 Data R SHACL engine ) \ J
A « Data completion
« Secondary geometry
generation
\_ /
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Regulation compliance checking

Topomat
server
Triple store / Servics —
get (Rule, target Objects) Spatial computation Service
<< >

I SHACL Engine I

Validation

Report

~ 1.4 million triples of
geospatial data

~ 20 regulations for
compliance checking

Ashley Caselli - KE@CUI - University of Geneva Accélérateur de Sciences ‘ @ UNIVERSITE
|

Semantic exploitation of underground geo-spatial data et services numériques %/ DE GENEVE




Summary

* Ontology to represent unifying data management of subsurface space (connecting
standards...)

» Data completion: 3D-ified and inferred missing information
» Dealing with geometry uncertainties
* Automated regulation compliance checking

» Provide underground data as a key asset for efficient exploitation, visualization and
decision making tools

* Provide a solid (unified) knowledge graph on which future tools for urban planning may rely
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PROTOTYPE VIDEO
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DEMO TopoSubSurface
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Thanks for listening

Any question?
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