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Motivation

•The transformation of energy distribution systems is fostering new models, likerenewable energy communities, which require complex, simulation-based feasi-bility assessments.
• Preparing these simulations is often labor- intensive and error-prone due to het-erogeneous actors and location-specific grid topologies.
• Energy Grid Topologies need to correctly reflect the real-world situation regardingthe components that form the energy grid.
• Energy Grid Sensor Data needs to be fixed regarding missing values, invalid mea-surements, and outliers.

Methodology

Use Symbolic AI technologies for Siemens BIFROST smart grid co-simulationsto detect errors, highlight them, and correct erroneous or flawed data.

Repairing Energy Grid Topologies

•Topologies are represented using an Ontology.
• Topology components are connected using cer-tain constraints.
– Example: Each solar panel has one data sourcerelated to its active power.

:hasParent :Dynamic

:Experiment

:Structure

:SOLAR-PANEL

:RESIDENTIAL-SINGLE
:hasDynamic

:hasChild :hasExperiment

...

:VOLTAGE-3P

:ACTIVE-POWER-3P

...

• SHACL shapes represent topology constraints:
node:SOLAR -PANEL a sh:NodeShape; sh:targetClass :SOLAR -PANEL;

sh:property property:hasDynamic_ACTIVE_POWER_3P_1_1 .

property:hasDynamic_ACTIVE_POWER_3P_1_1 a sh:PropertyShape;

sh:path :hasDynamic;

sh:qualifiedMinCount 1;

sh:qualifiedMaxCount 1;

sh:qualifiedValueShape [ sh:class :ACTIVE -POWER -3P ] .

• Topology Data is validated:
ex:sp1 a :SOLAR -PANEL .

•A Violation occurs because ex:sp1 is missing anactive power data source.
• SHACL Repairs uses Answer Set Programming topropose fixes to the topology data, which explainhow the data can be repaired using additions and
deletions of triples:

ex:sp1 :hasDynamic ex:new1 . ex:new1 a :ACTIVE -POWER -3P .

• Explain and select: constraint violations may havemultiple options for repairing, so users can selecta preferred repair.

Repairing Sensor Data

• Sensor Data consists of a Time Series of Observations ofsensor values.
• Problems in Time Series are invalid values, outliers and
missing values.
– Example: The sensor value of an Observation exceedsthe normal value (power) range because of a measure-ment error.

• SHACL shape for Observation constraints:
node:OBSERVATION_VALUES a sh:NodeShape;

sh:targetClass sosa:Observation;

sh:property [

sh:path sosa:hasSimpleResult;

sh:minInclusive "0"^^xsd:float;

sh:maxInclusive "50"^^xsd:float; ] .

•Observation Data is validated:
[] a sosa:Observation ;

sosa:hasFeatureOfInterest

<urn:uuid:1dd4760c -d5ee -5cd7 -8ac4 -8 e08373fde78 > ;

sosa:hasSimpleResult "115.19"^^xsd:float ;

sosa:resultTime "1970 -01 -01 T04 :00:00"^^xsd:dateTime .

•SHACL repairs delete invalid values (NaN) and outliers(values outside of 0 to 50).•Datalog Rules impute new values for Observations usinglinear interpolation:
[?obs , sosa:hasSimpleResult , ?Rnew] :-

AGGREGATE(

[?obs , a, :Missing],

[?gapStart , a, :GapStart],

[?obs , sosa:resultTime , ?T],

[?gapStart , sosa:resultTime , ?Tgs],

FILTER (?Tgs < ?T)

ON ?obs

BIND MAX(?Tgs) AS ?Tlgs

BIND MAX_ARGMAX (?gapStart , ?Tgs) AS ?lastGapStart

BIND MAX_ARGMAX (?T, ?Tgs) AS ?Tm

),

[? lastGapStart , sosa:hasSimpleResult , ?Rlgs],

[? lastGapStart , :hasGapEnd , ?nextGapEnd],

[? nextGapEnd , sosa:resultTime , ?Tnge],

[? nextGapEnd , sosa:hasSimpleResult , ?Rnge],

BIND(?Rlgs *((? Tnge - ?Tm)/(? Tnge - ?Tlgs)) + ?Rnge *((?Tm -

?Tlgs)/(? Tnge - ?Tlgs)) AS ?Rnew) .

•Observations are repaired automatically:
[] a sosa:Observation ;

sosa:hasFeatureOfInterest

<urn:uuid:1dd4760c -d5ee -5cd7 -8ac4 -8 e08373fde78 > ;

sosa:hasSimpleResult "15.0475006"^^xsd:float ;

sosa:resultTime "1970 -01 -01 T04 :00:00"^^xsd:dateTime .

•Consistent Time Series: repaired Sensor Data Time Seriesconsist of an uninterrupted series of Observations withvalid values.

Evaluation

•BIROSTGrid Data: rural settlement with a total of13 buildings which include PV and EV-charging.
• 4 buildings are disconnected (load and PV) fromthe grid.

•BIROST Sensor Data: Load of a building during aworkdaywith a time resolution of 15minutes (96data-points).
• Corrupted time series with invalid value.

• Linear interpolation replacing the invalid valueshows an improvement compared to BIFROSTrepeating the last known value.
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