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Research Questions E71

1. How can heterogeneous messages of environmental
observations be collaboratively validated with uniform shapes?

2. How can we exploit these annotations to derive and apply rules for
semantic enrichment to heterogeneous messages of
environmental observations?




Concept Matrix: Semantic for loT Streams g’;’l

Annotation Processmg Annotations Validation Enrichment
Amiguet-Vercher et al (2010)
Barnaghi et al (2013) v v
Daniele et al (2015) v
Das & Cyganiak (2012) v ()
Dimou et al (2014) v (v)
Duy et al (2017) v v
Frank & Simko (2018) v v v
Kolozali et al (2014) v v
Markovic & Edwards (2016) v
Markovic et al (2016) v v
Bermudez-Edo et al (2017) v
Wiener et al (2016) v | (v) ()
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Semantic Mapping (ICWE 2018) o)
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SemMap(O, M) = {(u,v) : (k,v) € O, (k,u) € M}




Semantic Mapping (ICWE 2018) o)

FZI
Key-value pairs Triples
Key
temp 28 ex:streaml#temp unit:DegreeCelsius ,2
no2 34 ex:streaml#no2  eea:g-m3 34"
coordinates[0] 8.700066 ex:streaml#lat geo:lat ,3.700066"

coordinates[1] 49.30075 ex:streaml#long geo:long ,49.30075"



https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#temp
http://qudt.org/schema/quantity#DegreeCelsius
https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#no2
https://www.eea.europa.eu/themes/air/air-quality/resources/glossary/g-m3
My.weather.lubw#latitude
http://www.w3.org/2003/01/geo/wgs84_pos#lat
My.weather.lubw#longitude
http://www.w3.org/2003/01/geo/wgs84_pos#long
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SvaIid

inked Data S > Semantic
LD Validation

Stream

Serror

ErrorLog
DMT
|

Metadata
Repository

ity = O Kiaig if Dyr €O

SemVal(O,D =
( MT) {Oenwr =0U Rerrm‘ if DMT =0




Semantic Validation — invalid DMT B 0 ?:;'I

Dyt (definiton of message type) O (observation message)
ex:shapel rdf:type sh:property
ex:shapel sh:path guantity: ex:streaml1#no2 eea:g-m3 L34
Thermodynamic
ex;:shapel sh:minCount ,1¢ ex:streami#long geo:long ,49.30075

ex;shapel sh:maxCount ,1¢



https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/1999/02/22-rdf-syntax-ns#type
http://www.w3.org/ns/shacl#property
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#path
http://qudt.org/schema/quantity#ThermodynamicTemperature
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#minCount
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#maxCount
https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#no2
https://www.eea.europa.eu/themes/air/air-quality/resources/glossary/g-m3
My.weather.lubw#latitude
http://www.w3.org/2003/01/geo/wgs84_pos#lat
My.weather.lubw#longitude
http://www.w3.org/2003/01/geo/wgs84_pos#long
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Semantic Validation — valid DMT CcC O 7

Dyt (definiton of message type) O (observation message)
ex:shapel rdf:type sh:property ex:streaml1#temp unit:DeqgreeCelsius 28"
ex:shapel sh:path guantity: ex:streaml1#no2 eea:g-m3 L34
Thermodynamic
ex;:shapel sh:minCount ,1¢ ex:streami#long geo:long ,49.30075

ex;shapel sh:maxCount ,1¢

schema knowledge

unit:DegreeCelsius qudt:quantityKind quantity: ThermodynamicTemperature



https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/1999/02/22-rdf-syntax-ns#type
http://www.w3.org/ns/shacl#property
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#path
http://qudt.org/schema/quantity#ThermodynamicTemperature
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#minCount
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#maxCount
https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#temp
http://qudt.org/vocab/unit#DegreeCelsius
https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#no2
https://www.eea.europa.eu/themes/air/air-quality/resources/glossary/g-m3
My.weather.lubw#latitude
http://www.w3.org/2003/01/geo/wgs84_pos#lat
My.weather.lubw#longitude
http://www.w3.org/2003/01/geo/wgs84_pos#long
http://qudt.org/vocab/unit#DegreeCelsius
http://qudt.org/schema/qudt#quantityKind
http://qudt.org/schema/quantity#ThermodynamicTemperature
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Semantic Validation — valid DMT CcC O 7

Dyt (definiton of message type) O (observation message)
ex:shapel rdf:itype sh:property ex:streaml1#temp unit:DegreeFahrenh ,82°
eit
exshapel  shipath %vnamic ex:stream1#no2 ;a:g-m3 7
_ SN ex:streaml#lat geo:lat ,3.700066*

ex:shapel sh:minCount ,1°

ex:streaml1#long geo:long ,49.30075"

ex;shapel sh:maxCount ,1¢

schema knowledge

unit:DegreeFahrenheit qudt:quantityKind  quantity:ThermodynamicTemperature



https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/1999/02/22-rdf-syntax-ns#type
http://www.w3.org/ns/shacl#property
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#path
http://qudt.org/schema/quantity#ThermodynamicTemperature
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#minCount
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#maxCount
https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#temp
http://qudt.org/vocab/unit#DegreeFahrenheit
https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#no2
https://www.eea.europa.eu/themes/air/air-quality/resources/glossary/g-m3
My.weather.lubw#latitude
http://www.w3.org/2003/01/geo/wgs84_pos#lat
My.weather.lubw#longitude
http://www.w3.org/2003/01/geo/wgs84_pos#long
http://qudt.org/vocab/unit#DegreeFahrenheit
http://qudt.org/schema/qudt#quantityKind
http://qudt.org/schema/quantity#ThermodynamicTemperature
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Semantic Enrichment
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ID Subject Predicate Object

statement, | observation; | hasValue 28.76324 DegreeCelsius
statement, | Statement; hasProvenance | sensor

ID Subject Predicate | Object

statements | DegreeFahrenheit | isEqualTo | DegreeCelsius+1.80000 +32.00000
ID Subject Predicate Object

statement, | observation; | hasValue 28.76324DegreeCelsius
statementy | observation; | hasValue 83.77383DegreeF ahrenheit
statement, | statement, hasProvenance | sensor,

statements | statementy hasProvenance | conclusion,

statemente | conclusion, hasInput statement

statement; | conclusion, hasRule statements




Implementation: Architecture ?’b%il

Sources Middleware Mapping Meta Data
& Validation =  Stations
=  Property matching = Quantities
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annotation
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Implementation: Forms for Data Shapes g’l

path: ThermodynamicTemperature ¥
datatype: xsd-float v
RGR
maxCount: 1
minCount: 1

add shape property

Shape Component Message

Property quantity:ThermodynamicTemperature: datatype=xsd:integer, sh:minCount © Property needs to have at least 1 values,
minCount=1, maxCount=1, name=temparature but found 0




< LSAnE Consumer

0

st Enriched Stream FZ I
5] uew

"@id": "https://amazonas.fzi.de/biggis/index.php/My.weather. lubw#pml0”,

=]  senseBox mgtype™: " :bo",
Moalue™: "W
& Enriched Stream .
{
Valid Messages "@id": "https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#so2",
v

"@type": "https://amazonas.fzi.de/biggis/index.php/G-m3",
"ralua®™: 0"

E Invalid Messages 1,

"@id": "https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#station",
"@type": "https://amazonas.fzi.de/biggis/index.php/Station”,
"value": "\"DEBY1EG\""

.

{
"@id": "https://amazonas.fzi.de/biggis/index.php/My.weather. lubw#timestanp"”,
"@type": "https://amazonas.fzi.de/biggis/index.php/UnixTimestamp",
"value™: "15258581085421"

}

1.
"@context": {
"value": {
"@id": "http://www.w3.org/1999/02/22-rdf-syntax-ns#value"
b
"Has_subobject": {
"@id": "https://amazonas.fzi.de/biggis/Property:Has subobject”,
"@type": "@id"

®© FZI Forschungszentrum Informatik 2018 Impressum
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Contribution E71

1. How can heterogeneous messages of environmental
observations be collaboratively validated with uniform shapes?

=  Metadata management with Semantic MediaWiki
= Semantic mappings on the fly
= Schema inferencing and additional reasoning
2. How can we exploit these annotations to derive and apply rules for

semantic enrichment to heterogeneous messages of
environmental observations?

= Rule-based creation of explicit data
= Stream enrichment using SPARQL Rules




Conclusion ol
FZI

= |LSane for collaborative definitions of
= Semantic shapes of observation messages
= Enrichment rules for observation messages
= Data stream functions for
= Semantic Validation SemVal(O, Dy,+)
= Semantic Enrichment SemEnr(O, R)
= Further research:
= Applicability and scalability of a large amount of observation streams
= Usability for domain experts in different domains
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Evaluation Results (ICWE 2018)
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FZI
JSON received RDF model created  JSON-LD serialized JSON-LD validated
creation%serializatio%validaﬁoq
N\ N\ Ay >
1 2 3 4
processing time in milliseconds
f A 150 messages Arithmetic |Median Standard |Min Max
- second  |NMean Value Deviation |Value Value
Creation 1.460 0.341 3.699 0.196 47. ol
Serialization 0.342 0.270 1.372 0.135 130.886
Validation 3.020 0.195 5.684 0.062 129.788
Total 4.822 0.979 6.813 0.468 276.622




Evaluation

LUBW

Data

type: "FeatureCollection™
features: [54]
8: Object
type: "Feature”
geometry: Object
type: "Point”
coordinates: [2]
a: 8.700066666665176
1: 49.38875833333863
properties: Object
PM25-today-max: "3
NO2-yesterday-avg-limit: "g"
PM25-yesterday-min: "11"
PM25-today-latest: 11
PM1@-yesterday-max-class: na
03-today-max-limit: "g"
03-today-min-class: "2
NO2-yesterday-avg-class: "1

http://lupo-messwerte.appspot.com/

generic?table=bw luft stammdaten&limit=999

SenseBox

_id: "5O9ecOBEd49FEFEEE11c12305"
createdat: "2817-18-22713:98:29,2812"
updatedat: "2818-982-19T716:52:18,.5632"
name: "BigGIS Geroldsdcker Sid | FZI™

currentlocation:

timestamp: "2a817-1e-22T13:@8:29,.276L"
coordinates:
a: 8.45353
1: 49.,831487
type: "Point"
grouptag: "BighIs"
exposure: "outdoor™
SENS0rs:
a:
title: "Temperatur"
unit: meC
sensorType: "HDClaas"

https://api.opensensemap.org/boxes/59ec966d4

9f6f80011¢c12395/

)

)
FZI



http://lupo-messwerte.appspot.com/generic?table=bw_luft_stammdaten&limit=999
https://api.opensensemap.org/boxes/59ec966d49f6f80011c12395/
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Implementation: Forms for Meta Data s

My.weather.lubw
JSON property % | Quantity $ | Unit ¢
. My weather lubw#longitude Longitude
Key: temp y ¢ g
: ) : My weather. lubw#ozn Ozn G-m3
Quantity: ThermodynamicTemperature v | Q"’ x My weather lubw#height Altitude
Unit f My weather lubw#so2 So2 G-m3
nit ¢ v
I. c . My weather. lubwitstation Station
My weather lubw#lugx
My weather lubw#pm10 Pm10

add JSON member
My weather lubwigetRequest Timestamp

My weather. lubw#timestamp Timestamp
My weather lubw#latitude Latitude
My weather.lubw#no2 No2 G-m3

Kategorie: Topic
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Evaluation Meta Data FZI

My.weather.lubw

JSON property % | Quantity $ | Unit
My weather lubw#longitude Longitude
My weather lubw#ozn Ozn G-m3 <swivt:Subject rdf:about="http://amazonas.fzi.de/biggis/index.php/Spezial:-URI-AufloeC32%B6ser/My. weather. lubw
My weather lubwitheight Altitude <rd£":type rdf:resource="http: f.'aﬂlazouasl.fzi,de;'biggis;»'iude:lt.ptle-':Spezial:URI-AIIIB%CE“»bBéserfCate ey Alsonproperty’ /=
<swivt:masterPage rdf:resource="http://amazonas.fzi.de/biggis/index php/Spezia :URI-ApBaT3 %B6ser/ My weather. lubw"/>
My weather lubw#so?2 So2 G-m3 <swivt:wikiNamespace rdf:datatype="http://www.w3.org/2001/ XML SchemagisteFer=0</swivt:wikiNamespace>
) ) <property:Quant rdf:resource="hip://amazonas.fzi de/biggis/indespttp’ Spezia:URI-Aufl%C3%B6ser Nol"/>
My.weather.lubwhstation Station <property:Unit rdf:resource="http://amazonas.fzi.de/bisgi¥ndex.php/Spezial URT-Aufl%C3%B6ser/G-2Dm3 ">
My weather. lubw#lugx <swivt:wikiPageSortKey rdf:datatype="hitp=7%ww.w3.0rg/2001 XMLSchema#string">My.weather.lubw</swivt:wikiPageSortKey>
</swivt:Subject>
My weather. lubwipm10 Pm10

My weather lubwigetRequest Timestamp

My weather. lubw#timestamp Timestamp
My weather.lubwilatitude -m3
My.weather lub -m3 « Titel (de): Mikrogramm pro Kubikmeter
« Einheitenzeichen: pg/m®
Kategorie: Topic « Link: hitps //www eea europa eu/themes/air/air-quality/resources/glossary/g-m3 &

Fakten zu ,,G-m3
Einheitenzeichen pg/m® + “
Titel-de  Mikrogramm pro Kubikmeter + “.

URL  https:/iwww.eea.europa.ew/themes/air/air-quality/resources/glossary/g-m3 & + &,




< LSAnE Consumer

0

# st LUBW Stream FZI

B LUBW "timestamp": 1525857986963,
"longitude”: 11.464435

571  senseBox }

09:26:27.98

¢ Enriched Stream {

"no2": &1,
: "ozn™: 10;

Valid Messages
"lugx": O,
"getRequestTimestamp™: 1525837795155,

] invalid Messages "latitude": 48.18169,
"heigth™: 510,
"sp2"™: 0,
"station™: "DEBY185",
"pml0": O,

"timestamp”: 1525857987963,
"longitude”: 11.46445
H
09:26:28.98
{
"no2": &1,
Tozn®r 16
"lugx": 0,
"getRequestTimestamp™: 1525857795155,
"latitude”: 48.18169,
"heigth": 510,
"302": O,
"station"™: "DEBYI1ES",
"pm10": Q,

® FZI Forschungszentrum Informatik 2018 Impressum




< LSAnE Consumer

L Start
51 sw

5] senseBox
L Enriched Stream
Valid Messages

E Invalid Messages

® FZI Forschungszentrum Informatik 2018

senseBox Stream

}
09:28:08.67
{
"id": "50ecBeed40f6£80011c1230a",
"walue": T7.8E,
"createdAt": "2018-05-09T09:28:00
1
09:28:10.67
{
"id": "58e=cORRd48f6£R0011c1238a",
"wvalue": T7.88,
"createdat": "2018-05-09T089:28:10
1

09:28:11.67
{
"id": "58e2c8ped49fefE0011c1238a",
"yalue": 7.898,
"createdat”: "2018-05-09T09:28:11
i
09:28:12.68
{
"id": "58ecBepd4ffefE0011c1Z238a",
"wvalue”: 7.98,
"createdAt": "2018-05-09T09:28:12
}
09:28:13.69
{
"id": "5D0ecBeed40£6£80011cla3%a",
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Preliminary Work: Paper ACM SIGSPATIAL 2016
Continuous Refinement Model FZI
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Preliminary Work: BigGIS Architecture )
Spatio-Temporal Analytics at Scale FZI
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Input F7)

Raw JSON Data Meta Data (SMW)

My.weather.lubw
JSON prope # Quantity # | Unit $
={}1son property kd
H no?- 45 My weather lubwi#longitude Longitude
® ozn: 0 My weather lubwi#ozn Ozn G-m3
o lugx: 0 My weather lubwiheight Altitude
8 getRequestTimestamp ; 1512506424173 My weather lubwi#so2 So2 G-m3
W latitude : 42177175 My weather lubw#station Station
# heigth : 420 My weather lubwitlugx
W o=s02:0 My-weather lubwipm10 PmM10
# station - "DERY01Z My weather lubwi#getRequest Timestamp
@ pmil:0 ]
My weather lubwittimestamp Timestamp
o timestamp ; 1512593500000
. My weather lubwitfatitude Latitude
@ longitude : 12.825314
My weather lubwi#no2 No2 G-m3

Kategorie: Topic
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Future Work: E71

= Suggest meta data of properties by analyzing JSON data
= User study to justify user experience
= Use cases for the produced JSON-LD stream




