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Abstract According to the recent development of the ubiquitous computing environment, the use of spatio-temporal
data from sensors with GPS is increasing, and studies on the Semantic Sensor Web using spatio-temporal data for
providing different kinds of services are being actively conducted. Especially, the W3C developed the SSNO(Semantic
Sensor Network Ontology) which uses sensor-related standards such as the SWE(Sensor Web Enablement) of OGC
and defines classes and properties for expressing sensor data. Since these studies are available for the query processing
about non-spatio-temporal sensor data, it is hard to apply them to spatio-temporal sensor data processing which uses
spatio-temporal data types and operators. Therefore, in this paper, we developed the SWE based on SSNO which
supports the spatio-temporal sensor data types and operators expanding spatial data types and operators in “OpenGIS
Simple Feature Specification for SQL” by OGC. The system receives SensorML(Sensor Model Language) and O&M
(Observations and Measurements) Schema and converts the data into SSNO. It also performs the efficient query
processing which supports spatio-temporal operators and reasoning rules. In addition, we have proved that this system
can be utilized for the web service by applying it to a virtual scenario.

Keywords : Semantic Sensor Web, Semantic Sensor Network Ontology, Spatio-Temporal Qeury Processing,
Spatio-Temporal Operator
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Figure 1. SWE Structure
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2.2 SSNO(Semantic Sensor Network Ontology)

=A F23} TA?] W3C+ 20119 OGCL] SWE
53 2 BEE BEE A4 WEYD L A4 2
SHLRIYN SERAE A3 §I5t BHo
2 SSNOE A|ot3}3itH2,14]. SSNO= iCore, OPENIoT
5 999] FP7 ZRAES A o] ¥ glo.
u, AHE QEUMMIOT) HH A EE 717
oneM2Meo| X &= SSNOE A ot= A& ZldYstal
91} Figure 21 SSNOO 4] AlQkahar gl 0 27
20f S48 Bojzeh

Figure 20149} o] SSNO& 2524 T4 ¥
3 2o 20k £42 e Deployment, ZE o]
sk Y20 448 e = PlatformSite, A| 28,

jm=}



Operetnghesicion

r| SunivalRange }--,
)
“-i-t= N OperatingRange | 1%

e R ] {5

i

(epoyedtnPltomany ¢ 3 E:
Embqﬂmenmn ! Doka js_syv_:flww Ei

Patomsis | ‘/,'m%zlfmmmr] [E"E] :j::--@ Ei
M'm»‘d;yshmmly ia;&'npmonly.m E;

IsProducedBy some

SensorQutput

hasVakie some.

/“ 1
Galcts
ey

-~ §

¥ f SensingDevice | / ,+ i
______________ I

ObservationValue % Sensorinput i-iivaFuﬂ')l E:
=N v H

\bietntmn , et |

N W 1 i

obsanvationResult onlyy ® BYW.I; . \hasProperty only, some! ::

- i 1

Observation i, e O o "r FegtureOfinterest E'

Hea:

hasMeasurer I / o
- 1 O oy nCondison ary i
pity |-+=e W condien J
Sl

Figure 2. Overview of the SSNO Classes and Properties
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Figure 3. SensorML Schema
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Rule := bare-rule.
or [ bare-rule]
or [ ruleName : bare-rule]

term-> hterm, ... hterm /[ forward rule
. term  // backward rule

bare-rule:= term, ...
or bhterm <- term, ..

hterm := term
or [ bare-rule]

term:= (node, node, node)
or (node, node, funcron
or builtin{node, ... node)

// triple pattern
// extended triple pattern
/{ invoke procedural primitive

bhterm := (node, node, node)  // triple pattern

functor := functorName(node, ... node)  /f structured literal
node := uri-ref [/ e.g. http:f/foo.com/eg
or prefixlocalname  // e.g. rdf:type
or <uri-ref> [} e.g. <myscheme:myuri>
or ?varname [/ variable
or 'a literal'  // a plain string literal
or’lex'**typeURL  // a typed literal, xsd:* type names supported
or number // e.g.42 or 25.5

Figure 10. Jena Reasoning Rule

[ICYROADRUle :

(?poly http://db.konkuk.ac.kr/observation.owl#hasTemperature lessThan ( ?value 0) ),
(?poly http://db.konkuk.ac.kr/observation.owl#ofFeature  “snow”),

-> (?poly http://db.konkuk.ac.kr/observation.owl#statement  “icyroad” ) ]

Figure 11. Example of Reasoning Rule
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Table 1. Temporal Data Type

Temporal Data Type

Description

T Instant(Time)

Represent the instant time object

T_Period(stTime,
edTime)

Represent the period time object

T Multilnstant(T _Insta
nt A, T Instant B, ...)

Represent the multiple instant
time objects

T MultiPeriod(T_Perio
d A, T Period B, ..)

Represent the multiple period
time objects

T_Collection(Temporal
A, Temporal B, ...)

Represent the collection of time
objects

Table 2. Temporal Operators

SSNO 713k Alg7F AW A4 9

PREFIX ssn: <http://purl.oclc.org/NET/ssmx/ssn#>
PREF X dtp: <http:/dtp-126.sncs.abdn.ac.uk#>
PREFIX dbp: <http:#/dbpedia.orgiresource/>
PREFIX spatial: <javakr.ac konkuk.db.func.»

SELECT ?sensor ?value ?time

WHERE{
7x ssh:sensingdevice 7sensor
‘?sensor ssn:observedProperty ?value
?sensor ssh:observationSamplingTime ?time
?time spatial: T_After(20121118)

}

Figure 12. Example of Temporal Relationship Operation
Query

Table 3. Spatio-Temporal Data Type

Timestamp Temporal

Spatio-Temporal

. . Descripti Descripti
Relationship Operators eseriphion Data Type eseripiion
T_Before(Temporal A, |Whether the A is earlier ST Point(Temporal A, |Represent the spatio-temporal

Temporal B) than the B is returned Geometry A) point object

T After(Temporal A,

Temporal B)

Whether the A is later than
the B is returned

T_Equals(Temporal A,
Temporal B)

Whether the A is equal to
the B is returned

Timestamp Temporal
Analysis  Operators

Description

T Union(Temporal
Temporal B)

A,

The union of the A and B
is returned

T_Difference(Temporal A,
Temporal B)

The difference between the
A and B is returned

T Intersection(Temporal A,
Temporal B)

The intersection of the A
and B is returned

Interval Temporal
Relationship Operators

Description

T Equals(Temporal
Temporal B)

A,

Whether the A is equal to
the B is returned

T_Disjoint(Temporal A,
Temporal B)

Whether the A is disjoint
from the B is returned

T Touches(Temporal
Temporal B)

Whether the A touches the
B is returned

T_Overlaps(Temporal A,
Temporal B)

Whether the A overlaps the
B is returned

T Contains(Temporal A,
Temporal B)

Whether the A contains the
B is returned

Interval Temporal Analysis
Operators

Description

T Union(Temporal
Temporal B)

A>

The union of the A and B
is returned

T Difference(Temporal
Temporal B)

A,

The difference between the
A and B is returned

T Intersection(Temporal A,
Temporal B)

The intersection of the A
and B is returned
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ST_Linestring(Temporal A, |Represent the spatio-temporal

Geometry A) line object

ST_Polygon(Temporal A,
Geometry A)

Represent the spatio-temporal
polygon object

ST MultiPoint((Temporal A,
Geometry A), (Temporal B,
Geometry B), ...)

Represent the multiple spatio-
temporal point objects

ST_MultiLineString((Tempor
al A), Geometry A,
(Temporal B, Geometry B), ...)

Represent the multiple spatio-
temporal line objects

ST MultiPolygon((Temporal
A, Geometry A), (Temporal
B, Geometry B), ...)

Represent the multiple spatio-
temporal polygon objects

ST Collection(ST_Geometry
A, ST Geometry B, ...)

Represent the collection of

spatio-temporal objects

g 9Hst eEge wakstet
HojEoh

Spatio-Temporal Operation Module-> OGCof| 4] A|
st “OpenGIS Simple Features Specification for
SQL711]¢] &3t AARE 2Adsto] Alsqt A4kt
£ AlFeth At AA b B AR ALkt
I AiAt= FREE, 22 Al WA A4t
Z}o} Al F7F BA AAALE LEEC] Table 3-2 Spatio-
Temporal Operation Moduleo)| A 2| Q3}= A&7 d]
olf Bt HojEth

Table 30419} Zro] Al5%t Hlo]¥] B¢} ST Point,
ST Linestring, ST Polygon, ST MultiPoint, ST Multi
LineString, ST MultiPolygon, ST Collection E}]2
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Table 4. Spatio-Temporal

Operators

Timestamp Spatio-Temporal
Relationship Operators

Description

ST Equals(ST Geometry
A, ST Geometry B)

Whether the A is equal to
the B is returned

ST Disjoint(ST Geometry
A, ST Geometry B)

Whether the A is disjoint
from the B is returned

ST Touches(ST_Geometry
A, ST Geometry B)

Whether the A touches the
B is returned

ST Overlaps(ST_Geometry
A, ST_Geometry B)

Whether the A overlaps the
B is returned

ST Contains(ST_Geometry
A, ST_Geometry B)

Whether the A contains the
B is returned

ST Crosses(ST_Geometry
A, ST Geometry B)

Whether the A crosses the
B is returned

Interval Spatio-Temporal
Relationship Operators

Description

ST Equals(ST Geometry
A, ST Geometry B)

Whether the A is equal to
the B is returned

ST Disjoint(ST Geometry
A, ST Geometry B)

Whether the A is disjoint
from the B is returned

ST Touches(ST_Geometry
A, ST Geometry B)

Whether the A touches the
B is returned

ST Overlaps(ST_Geometry
A, ST_Geometry B)

Whether the A overlaps the
B is returned

ST_Contains(ST_Geometry
A, ST Geometry B)

Whether the A contains the
B is returned

ST Crosses(ST Geometry
A, ST Geometry B)

Whether the A crosses the
B is returned

Timestamp Spatio-Temporal
Alanysis Operators

Description

ST Union(ST_Geometry
A, ST Geometry B)

The union of the A and B
is returned

ST_Difference(ST_Geometr
y A, ST_Geometry B)

The difference between the
A and B is returned

ST_Intersection(ST_Geome
try A, ST_Geometry B)

The intersection of the A
and B is returned

ST_Distance(ST_Geometry
A, ST Geometry B)

The distance between the A
and B is returned

Interval Spatio-Temporal
Analysis Operators

Description

ST Union(ST Geometry
A, ST Geometry B)

The union of the A and B
is returned

ST Difference(ST Geometr
y A, ST Geometry B)

The difference between the
A and B is returned

ST_Intersection(ST_Geome
try A, ST_Geometry B)

The intersection of the A
and B is returned

ST Distance(ST_Geometry
A, ST_Geometry B)

The distance between the A
and B is returned
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PREFIX ssn:<http:fpurl.oclc.org/MNET/ssnx/ssn#>=
PREFIX dtp: <http:/dtp-126.sncs.abdn.ac.uk#>
PREFIX dbp: <http:#dbpedia.orgliresource/>
PREFIX gml: <http:/fpurl.orgfifgiigml/0.2#>
PREFIX spatial: <java:kr.ac konkuk.db.func >

SELECT ?sensor ?time
WHERE{

?x ssnisensingdevice ?sensor

?sensor ssn:cbservedProperty ?value

?sensor ssn:ocbservationSamplingTime ?time

?geo gml:coordinates ?7loc.

‘?spatio spatial:makespatio(?time ?loc)

?spatio spatial:ST_Contains(ST_Union(20121118 20121120
POLYGON(37.576024962604066 126.95388793945312,
37.57738544363852 127.06718444824219, 37 .47092082037699
127.04521179199219, 37.576024962604066 126.95388793845312),
2012111820121120 POLYGON(38.5560149628606023
128.75376773842543, 38.57734544383872 128.06718444824219,
38.47292385067791 128.02551674129812, 38.5560149628606023
128.75376773842543))

}

Figure 13. Example of Spatial-Temporal Relationship
& Analysis Operation Query
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[ICYROADRule -

(#poly http://db.konkuk.ac.kr/observation oul#hasTenporature lessThan(fvalue 0),
(?poly http://db. konkuk.ac.kr/observation. owl#afFeature “snow” .

—> (?paly http://db.konkuk.ac kr/observat ion. owl#statenent *icyroad” )]

Figure 14. Reasoning Rule about Projected Icy Areas

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schemag>
PREFIX owl: <http://www.w3.0rg/2002/07/0wW#>
PREFIX ssn: <http://db.konkuk.ac kr/observation.owl#>
PREFIX spatial: {javakr.ac.konkuk.db.func.>
SELECT ?name ?time ?value ?spatio ?weather
WHERE {
?s <http://db.konkuk.ac.kr/observation.owl#lcyroad> poly;
ssn:name ?name;
ssnhasVYalue ?value;
ssn:observationSamplingTime ?time;
ssn:ofFeature ?weather;
ssnispatioTemp ?spatio.

Figure 15. Query about Projected Icy Areas

me £l
junggu 2002113 |2 | cloudy
lpongeong — aor21124 [4 | cloudy
ldongdeamun 20121123 [2 | cloudy |
lgwangin 20121124 |4 | cloudy
lnowon 0021124 |4 | cloudy
lgeuncheon 012112 [4

jongno oot |4

fangcheon o211z |2

lgnanak 02123 [2 | coudy | i
beongbuk 20121124 [4 | cloudy | §
2
4
4
4
4
4
2
4

doudy

oudy

doudy | |

lgeuncheon 0121123 doudy
Imapo o212
o212

doudy | §
doudy
oudy
tloudy

lgangram
leongdong [021124
lyeongdeurgpo 20121124 |-
lguro o2
ldongiak oz |2
lgangseo or21126

doudy

oudy

doudy

Figure 16. Query Result of Figure 15
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PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX owl: <http://www.w3.0ra/2002/07/0w#>

PREFIX ssn: <http://db.konkuk.ac.kr/observation. owl#>
PREFIX spatial: <java'kr.ac.konkuk.db.func.>

SELECT ?name ?time ?value ?spatio ?weather

WHFRF {

?s <http://db. konkuk.ac.kr/observation.owi#cyroad> poly;

ssniname ?name;

ssn:hasValue ?value;

ssn:observationSamplingTime ?time;

ssniofFeature ?weather;

ssn:spatioTemp ?spatio.

?spatio spatial:ST_Contains(ST_Union(20121124
POLYGON(37.576024962604066 126.95388793945312,
37.57738544363852 127.06718444824219, 37.47092082037699
127.04521179199219, 37.576024962604066 126.95388793945312),
20121124 POLYGON(38.5560149628606023
128.75376773842543, 38.57734544383872 128.06718444824219,
38.47292385067791 128.02551674129812, 38.5560149628606023
128.75376773842543) 20121124 POLYGON(39.566325922102016
129.95788773643312, 39.87832524263832 129.26728242814516,
39.87892585037391 129.05523173129222, 39.566325922102016
129.95788773643312))
ssn:spatioTemp ?spatio.

i
Figure 17. Spatial-Temporal
Icy Areas

Query about Projected
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Query Result of Figure 17
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