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ABSTRACT 

Geo-referenced data streams (geostreams) have created major 
challenges on streaming data management, query, and integration. 
Semantically managing geostream data has the potential to 
provide better data integration and reasoning. We develop an open 
source Semantic GeoStreaming Toolkit (SGST) that aims to 
provide an integrated sensor data management solution. In 
particular, this paper uses the Open Geospatial Consortium (OGC) 
GeoSPARQL recommendation and a time-annotated RDF 
streaming data management service. The toolkit offers 
geostreaming data management, fetching, and RESTful web 
services. We demonstrate SGST with two real-world use cases 
including USGS earthquake GeoRSS feeds and geo-referenced 
Twitter feeds for citizen sensing. Issues related to interoperability, 
performance, and full support of GeoSPARQL are discussed.  

Categories and Subject Descriptors 

H.2.8 [Database Management]: Systems ± query processing; 

H.3.5 [Information Storage and Retrieval]: On-line Information 

Services | data sharing, web-based service 

General Terms 

Management, Design, Standardization 

Keywords 

GeoStreaming, RDF, spatial index, temporal index, query, 
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1. INTRODUCTION 
Geo-referenced data streams are abundant from many 

sources. For example, sensor networks deployed in the natural and 
engineered environment provide continuous observation data 
streams about our physical environment such as temperature, 
humidity, rainfall, traffic and earthquakes [1]. In addition, a recent 
study by the Pew Internet Project finds that over 35% of 
American adults own smartphones as of May 2011 [2]. Since 
smartphones usually are equipped with GPS sensors, which allow 
users to produce geo-referenced data streams such as geo-tagged 
microblogs in Twitter.com, a massivH� ³FLWL]HQ� VHQVLQJ´� GDWD�
stream [3]. A ³9LUWXDO� 6HQVRU´� WKDW� LV� GHULYHG� WKURXJK� VSDWLDO��
temporal and thematic transformations of raw sensor data streams 
and then republished as a new data stream is yet another example 
of geostreams [4]. Collectively, we refer all these geo-referenced 

sensor data streams as geostream data (or geostreams). 

Because of the heterogeneity of streaming data and the need 
for sensor data integration, sharing, provenance tracking and 
streaming reasoning [5], there is a growing trend in building 
streaming data management systems by leveraging and extending 
W3C Semantic Web technologies such as the Resource 
Description Framework (RDF) and SPARQL (query languages 
for RDF data). This is in contrast to the approaches taken by 
previous non-RDF-based Data Stream Management Systems 
(DSMS) such as STREAM [6] and GeoInsight [7].  

However, there are two main obstacles in using RDF for 
geostreaming data management. First, there is no direct temporal 
streaming support in the W3C RDF specification. Various efforts 
have been made such as C-SPARQL [8], StreamingSPARQL [9], 
and SensorMasher [10] to support RDF streams. Our previous 
work also developed a Time-Annotated RDF (TA-RDF) model 
which manages time-series data [11]. Second, there is no direct 
query support of geospatial information in the W3C RDF 
specification. The Open Geospatial Consortium (OGC) recently 
announced a candidate GeoSPARQL standard that defines an 
RDFS/OWL vocabulary and a set of spatial extension functions 
for SPARQL. Offering rich spatial queries of RDF, GeoSPARQL 
will increasingly blur the line between the Semantic Web and the 
Geo Web. This paper takes it one step further by combining our 
TA-RDF approach and GeoSPARQL recommendations to build 
an open source Semantic GeoStreaming Toolkit (SGST), which is 
urgently needed for the broad geosensor data community and the 
Linked Open Data community in general. Furthermore, in order to 
lower the barrier for the community to adopt SGST, a set of 
Representational State Transfer (REST)-ful Web Services for 
querying geostreaming was also developed, in the same spirit as 
³/LQNHG�'DWD�$3,´ [12]. 

In this paper, we present SGST by describing the 
architectural design and implementation (Section 2), followed by 
two case studies (Section 3). We discuss issues in current 
implementation and future works (Section 4), as well as related 
work (Section 5). Finally, we conclude in Section 6. 

2. ARCHITECTURE AND 

IMPLEMENTATION 
The SGST consists of three main components: 1) geostream 

data fetchers, 2) a geostream data manager, and 3) geostream 
RESTful services as shown in Figure 1. The toolkit provides the 
following capabilities: managing semantic geostream 
(spatiotemporal) data; fetching real-time geostream data from 
various sources; and querying geostream data with spatiotemporal 
filters via RESTful services. Below we elaborate on some of the 
technical details of these components. 
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<ogc:hasWKT>, the literal "POINT(-88.243217 40.119697)" will be 
stored in the spatial table, geotoken. 

A spatiotemporal query can be performed either using a 
SPARQL query statement or the geostream RESTful services. For 
example, a query that wants to find earthquakes that occurred 
between 2011-07-18Z-06:00 and 2011-07-23Z-06:00, and within a 
geographical area, is  processed in a sequential two-step procedure 
(see Figure 4 for the complete SPARQL query statement): 1) the 
non-spatial query is processed using the temporal table (tokens) 
and regular triple tables; 2) the spatial query, <ogc:within>, with 
the given polygon in WKT format will be processed over the 
result from the previous step by using a PostGIS function, 
ST_WITHIN, and a spatial table (geotoken). 

An example window query using the geostream RESTful 
services is shown in Figure 5. This query finds earthquakes 
occurred between 23:26:40 GMT-05:00, 7/29/2011 and 16:36:40 
GMT-0500, 7/31/2011 within a given geographic bounding box. 
Figure 6 shows a portion of the query results in JSON format. 

@prefix ogc: <http://www.opengis.net/rdf#>. 
@prefix usgs:    
   <http://earthquake.usgs.gov/earthquakes/catalogs/>. 
usgs:1hour-M1["2011-07-19T19:35:40Z"^^xsd:date]  
   ���[�������i������-oo\ikjihn�ke\hhpmpn�j\ 

Figure 3. An Example Geostream RDF Triple in N3 Notation 

SELECT ?s, ?wkt  
WHERE { 
?s["2011-07-18Z-06:00"^^xsd:date .. "2011-07-23Z-
06:00"^^xsd:date], <ogc:hasWKT>, ?wkt . 
?s["2011-07-18Z-06:00"^^xsd:date .. "2011-07-23Z-
em[eeQKK���[�����Y�³���[������´Y�i����
����-124.453125 
53.4375, -73.125 52.03125, -73.828125 8.4375, -
121.640625 9.140625, -hik\kljhil�lj\kjnl��j�� 

Figure 4. A Geostream Spatiotemporal Query in SAPRQL 

http://[hostname]/window/start/1312000000000/end/13121
47981274/op/within/geom/POLYGON((-140.625 
73.125,156.09375 74.53125,151.875 -46.40625,-146.25 -
47.109375,-140.625 73.125)) 

Figure 5: A Window Query Using the RESTful Services 

{ 
istreamURLj: 

ihttp://earthquake.usgs.gov/earthquakes/catalogs/1hour-M1j, 
iframesj: [{ 
  iUTCtimej: 1311122140000, 
  idateTimej: iTue Jul 19 2011 19:35:40 CDTj, 
  ilonj: -63.125, 
  ilatj: 19.31, 
  idataj: 1.5 
}, 

«««««««�� 

Figure 6. A Portion of the Query Results in JSON 

3.2 Twitter Stream 
Twitter provides a set of APIs allowing users to query the 

tweets for citizen sensing purpose. We use the Twitter Stream API 
(TSA) [20] to implement a real-time fetcher and a filter so that 
every newly posted tweet that matches this filter will be pushed to 
our repository. Because the current TSA supports both spatial and 
keyword filters individually but not jointly, we choose to apply 
the spatial filter on the Twitter side, which can filter out a large 
portion of non-geospatial data, and then apply keyword filters 

locally. We use Yahoo Geocoding service to get the coordinates 
for those tweets that do not have explicit coordinate information. 
The tweets are then re-published into different geostreams, and 
indexed by their spatial-temporal attributes, while the contents of 
the tweets are treated as blobs at this moment. In addition, a set of 
RESTFul APIs are deployed to serve the fetched data as new 
streams.  

For example, Figure 7 shows a query over a single stream 
within the boundary of Champaign-Urbana, Illinois, and with a 
time interval of 90 days prior to April 4th, 2011. The URI 
³urn:streams/searchingCars/twitter´� LV� WKH� streaming ID of a 
stream which has tweets containing WKH�NH\ZRUG�³car´��)LJXUH�8 
shows the visualization of the query results in Google Earth by 
exporting the results in a time-annotated KML format. 

http://[hostname]/window/start/1294117200000/end/13018

93200000/op/within/geom/POLYGON((40.421879 -88.529867, 
39.818319 -88.529867, 39.818319 -87.618940, 40.421879 
-87.618940, 40.421879 -
88.529867))/format/kml/uri/urn:streams/searchingCars/t

witter 

Figure 7. An Example Twitter Stream Window Query 

 
Figure 8: Query Results in KML over a Single Twitter Stream 

4. DISCUSSION  

4.1 Interoperability and Integration 
The advantage of using semantics in geostreaming data 

management is particularly evident when multiple heterogeneous 
sensor data streams are needed for a scientific application. For 
example, an emergency management system might need to use 
both the earthquake¶s information as well as citizen reports in 
tweets to provide timely situational awareness and decision 
support. Since the geostream data are stored using a common 
model (TA-RDF and GeoSPARL) in SGST, it is easy to provide 
integrated queries over multiple sensor streams with better 
interoperability. For example, the example query in Figure 5 can 
retrieve both earthquakes and twitter feeds that satisfy the 
specified spatiotemporal constraints.  

4.2 Query Performance 
As explained in Section 3.1, the spatiotemporal query is 

performed in a sequential step-wise approach (i.e., the results 
from a temporal query are evaluated using a spatial SQL function 
(e.g., within) one by one). This means that if there are 15 results 
from a temporal query, there will be 15 spatial SQL queries 
executed. Such a constraint is imposed by the Tupelo middleware 
we use, where federated query processing among different 
databases can be supported. If the spatiotemporal index is stored 
in the same database, which is the case of our current 
implementation, a spatiotemporal query could be done in one step 
with one combined SQL query. We expect it will potentially 
enhance the query performance if implemented.  

4.3 Full GeoSPARQL Support 



Our current implementation supports a minimal set of the 
ontology in the GeoSPARQL draft such as <ogc:hasWKT> and 
<ogc:within>. A full GeoSPARQL support could bring a better 
capability. For example, if a user wants to search temperature data 
from all sensors within a particular watershed, the query could be 
performed in GeoSPARQL as shown in Figure 9, where 
<ncsa:Watershed_A> can be defined as an instance of a 
GeoSPARQL feature which contains the boundary polygon of a 
ZDWHUVKHG� QDPHG� ³Watershed_A´. We will gradually add more 
GeoSPARQL support when the standards become mature and 
stable. 

PREFIX geo:  <http://www.opengis.net/ont/OGC-
GeoSPARQL/1.0/> 
PREFIX ncsa: <http://www.ncsa.illinois.edu/IACAT/> 
 
SELECT ?sensor ?temperature 
WHERE {  

?sensor geo:within ncsa:Watershed_A . 
?sensor ncsa:hasTemperature ?temperature 

} 

Figure 9. A Possible GeoSPARQL Query Example 

5. RELATED WORK 
The most relevant work to our SGST is SPARQL-ST [19] 

and stSPARQL [18]. Both can handle spatiotemporal queries over 
RDF data. However, we use TA-RDF to handle streaming data 
explicitly and GeoSPARQL recommendations for geospatial 
meta-data, which are different from prior works. In addition, we 
implement specific fetchers and RESFful APIs, which were not 
discussed before in the literature. It is expected that SGST will 
contribute to the geostreaming data management community with 
such new features and semantically-enhanced capabilities.  

6. CONCLUSION 
In this paper, we presented RXU�6*67� WRRONLW¶V� DUFKLWHFWXUH�

with three components: a Geostream Data Manager, Fetchers, and 
RESTful services. Currently this toolkit and its documentation are 
available at [21]. We presented two case studies to illustrate how 
the toolkit can be used. We expect SGST will continue to play a 
major role in our ongoing work in building a real-time virtual 
environmental observatory where heterogeneous geostreams from 
different sensors will be managed and integrated [22]. 
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