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ABSTRACT
Nowadays, the well-known Resource Description Framework (RDF)
forms a rather general method for web resources’ conceptual de-
scription or even for generic informationmodeling. However, RDF’s
capabilities are challenged once used to effectively represent non-
thematic metadata, e.g, in the form of spatial and temporal objects
deriving primarily from sensor information. In addition, Wireless
Sensor Network (WSN) is considered today to be a widely adopted
platform, related to environmental monitoring and decision making
applications. Specifically, exclusive subjects, such as environmental
degradation and optimized agriculture, provide a scope of applied
research on the basis of multilevel semantic data analysis. Obser-
vations and sensors are the core of empirical science and their
implementation (i.e., the increasing volume of data, heterogeneity
of devices, data formats and measurement procedures) produce a
large volume of unsupervised data. Thus, the prevailing growth of
sensing systems has currently led to the development of defined
interoperability among standards on web semantics. In particular,
Semantic Sensor Network (SSN) ontologies prospect on modeling
the capabilities and properties of sensors, monitoring procedures
and observations. Furthermore, the dynamically evolving natural
phenomena require proper conceptualization of environmental
change and monitoring agents. Consequently, this paper describes
an inaugural attempt to create a conceptual framework of spatially
and temporally-enabled environmental variables for sensing sys-
tems.
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1 INTRODUCTION
In principle, environmental monitoring implements procedures of
knowledge extraction through Earth and Sensor Observation tech-
niques. Subsequently, a fundamental factor of empirical science

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s).
PCI’18, Nov. 29 - Dec. 1, 2018, Athens, Greece
© 2018 Copyright held by the owner/author(s).
ACM ISBN 123-4567-24-567/08/06.
https://doi.org/10.475/123_4

monitoring consists of an explicit representation of physical events
revealing the causality of physical events [1]. On the other hand,
“machines” - under the generic auspice of computer science - sup-
port and preserve acquisition and management of information onto
accessible semantic agents [22].
The goal of integrating the task of monitoring, physical comput-
ing, IT and knowledge representation has been served in the past
by SSN ontology and it’s many variations. Developed initially by
the W3C semantic sensor network incubator group (SSN-XG) and
based on an OWL 2 ontology, SSN describes sensors and obser-
vations as capabilities, measurement processes, observations and
deployments [5]. SSN was developed with the purpose of storing
and accessing sensor-related data, equipped with syntactic inter-
operability and semantic compatibility. Particularly, it has adopted
sensors and sensing systems assisted by semantic technologies for
managing, querying and combining sensors and observation data
[5].
Ontology models related to monitoring applications facilitate data
discovery and retrieval along with network analysis and interop-
erability. Apart from operational tasks, environmental monitoring
requires structures that accommodate the complexity of spatial cov-
erage and temporal frequency pertained to physical variables. Com-
plex natural phenomena bare spatio-temporal characteristics that
determine their consequence on a given physical system. Therefore,
spatio-temporal evolution of the phenomena is optimally tracked
by semantic inference [9] through identifying the response phase
of the event management cycle.
Information related to environmental conditions bares particular
composition and operates within a known time and location. There-
fore, continuous recordings are a pre-requisite to a sensing system
that captures physical parameters. The variability of climate and
temporal changes can though be detected and concluded on how the
ontological context of every natural element are changing through
temporal steps. Natural phenomena offer a conceptual framework
for semantic study, especially through the correlation of accompa-
nied variables (i.e., time, location etc).
In this direction, IoT applications offer variability and customiza-
tion mainly via WSN platforms. WSN capabilities allow for data
acquisition and semantic processing [3] with higher spatial and
temporal resolution due to their distributed operation (sensor nodes
and base stations). Therefore, a common terminology for monitor-
ing services is essential, in order to facilitate the intricate patterns
of dynamic natural phenomena [20]. Additionally, operational and
monitoring services with time relevant structure are indispensable
factors of machine interpretable data models [9].
This work captures a initial data model based on a already deployed
monitoring system that describes environmental monitoring as an
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observation derived from spatio-temporal recordings. The proposed
ontology is focused on the recording of physical parameters of phys-
ical systems [1] in order to capture a series of snapshots on varied
spatial and temporal frames through monitoring particular aspects
of the environment. The model is based on a structure operating
within an OWL2 framework. This describes parameters, sensor’s
operating conditions, general environmental factors and specific
recordings relevant to a broad aspect of monitoring criteria.
The rest of the paper is structured as follows: In Section 2, we
present related research work concerning various concepts of se-
mantic ontologies. Then, in Section 3, we present in detail the
proposed model of environmental monitoring. Finally, a short dis-
cussion regarding the potential implementation of the aforemen-
tioned concept within a “smart viticulture” paradigm, together with
drawn conclusions and future prospects of the proposed framework
are presented within Section 4.

2 RELATEDWORKS
In the framework of our research study, logical conclusions drawn
from temporal information form a supplemental semantic dimen-
sion for environmental applications. Thus, time as a factor on Se-
mantic Web data structures is mainly introduced as temporal an-
nexes to OWL andDescription logic, encodingmethods on temporal
data models and preservation tools on graph versions [22].
Koubarakis and Kyzirakos [12] focused on representation methods
of temporally varied thematic and spatial information. Their main
contribution is bounded in the use of ”constraint” elements for
querying and reasoning spatio-temporal data. Specifically they
formally defined their data model (stRDF ) and query language
(stSPARQL) as extensions of existing protocols and presented the
according semantics. Their work demonstrates that their RDF and
SPARQL extensions can be incorporated within current work re-
lated to sensor network ontologies under perception of the Semantic
Sensor Web. Subsequently Kyzirakos et al [14] presented the open-
source geospatial semantic DataBase Management System (DBMS)
named Strabon. The system is able to store linked geospatial data
through stRDF and stSPARQL by evaluating large amount of data
and allowing compatibility with PostGIS1.
Sensor functionality within the discovery of system’s available as-
sets by describing a spatio-temporal model for objects and processes
is captured by Ibrahim et al. [11]. The authors based their model on
the SSN ontology and identified factors that lead to environmental
reasoning on the basis of real world variability. Additionally, the
produced model enabled the optimal utilization of a WSN through
network’s dynamic management of both operation and role assign-
ment.
Nikolaou et al. assess the subject of managing time related linked
geospatial data through Sextant web-based tool [17]. The tool is
capable of exploring spatio-temporal data along with managing
and producing thematic maps compatible with Open Geospatial
Concortium - OGC2 and standards and GIS applications. Their con-
cept presents interoperability between several geospatial platforms
and file formats (e.g., SPARQL, KML, GeoJSON etc).

2https://www.w3.org/OWL/
1http://postgis.net/
2http://www.opengeospatial.org/

An approach to ontological modeling that concerns change detec-
tion on RS images was proposed by Ghazouani, Messaoudi and
Farah [8]. They proposed a conceptual framework that contains
ontologies on the basis of spatial, temporal and semantic relations
between elements on satellite imagery. Hence, spatio-temporal ob-
jects could be recognized in order to produce better understanding
on geospatial phenomena through a specific time frame. Addition-
ally, the authors implemented a multilevel approach on represen-
tation methods, which consists of change detection, geographic
processes and conceptual ontologies.
Semantic Sensor Web (SSW) allows the description of sensor data
with rich semantic context. Al Rasyid et al [21] implemented a
web platform that incorporates physical readings (Gasses micro-
particles) into a semantic web platform. In addition, they deployed
a Restful service API3 to obtain data from varied sources and there-
inafter stored in RDF/OWL form. Their work allows accessibility
and observation of the data by users by implementing web tech-
nologies and ontology modeling. The visualization and analysis of
statistical data on a geographic map is implemented by Mijovic et al.
by representing spatio-temporal information within a predefined
semantic vocabulary [16]. More precisely, authors deployed the
OWL Time ontology that explicitly defines the exact time delimiter
and provides additional temporal information. Furthermore, they
introduced the RDF Data Cube Validation component in order to
evaluate the correspondence of the produced maps with the W3C
Standards. In summary, spatio-temporal analysis may be combined
with SPARQL endpoints into single statistical map layers.
The concept of inter-connected IoT nodes is assessed by Le-Phuoc
et al. with the visualization platform Graph Of Things -GoT [15].
GoT is a graph-based platform that provides representation and se-
mantic capabilities on sensors, data and observations. Furthermore,
the platform is a ”Live Knowledge Graph” that correlates moni-
toring data streams on the purpose of implementing an efficient
exploration and discovery methodology on IoT data. Additionally,
GoT employs existing RDF and Linked Stream data models through
semantic infrastructures.
The work of Hu et al [10] is related with the study of monitoring
harmful algal blooms (HABs) in aquatic ecosystems. They proposed
a "Web-based system for near-real-time tracking of red tides caused
by the toxic dinoflagellate Karenia brevis" by employing an interface
with three type of satellite-imagery and numerical data products
combined from different sources. More specifically, near-real-time
monitoring of algae biological processes in a user-friendly method-
ology superimposed on a web portal based mainly on algorithmic
development.
A different approach on spatio-temporal semantics has been in-
troduced by Kurte et al. [13]. They presented a methodology of
capturing spatio-temporal changes during flooding disasters. The
authors proposed the Dynamic Flood Ontology - DFO through the
use of Remote Sensing (RS) imagery to track evolution on land use
at the region of interest. Accordingly, the evolving area during the
event is classified as dynamic ”flood inundation status” and ”land
cover" properties.
Another aspect of functional management of WSN concerned the
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Figure 1: Overall ontology model

study of D’Anniello et al. [6]. They introduced a middle-ware be-
tween users and physical devices in order to define sensor readings
and adjust quality requirements accordingly. This ”virtualized qual-
ity aware sensor network” contains represents virtual and physical
nodes and recordings by a semantic layer that, also, includes the
system evaluation processes. Specifically, the assessment is imple-
mented by defined association rules for readings’ estimation to
compensate for failed recordings and missing data.
Duy et al[7] proposed a model for environmental related streaming
data among cross-domain knowledge exploiting the SSN’s frame-
work. Theymainly dealt with heterogeneity of sensory data through
a "light-weight" ontology and a RDF modal for streaming data. In
particular a set of identification URIs have been presented that
support several data types and deployed with real conditions on
top of a Graph Store server. The authors scientific contribution is a
novel architecture that describes the transformation of data from
raw state to semantically enriched. This enhances the re-usability
of sensor data and information with the added benefit of conglom-
erating monitoring information with different factors of Metadata.
Assessing information and within semantic web is a subject stud-
ied recently by Nouira, Chentiti-Beclhadi and Braham [18]. They
particularly proposed an assessment analytics architecture by in-
troducing an ontological model in order to track and annotate their
related data. By using web services and semantic web technolo-
gies the authors managed to form an architecture based on three
layers: a) Learning context, b) Assessment data and c) Semantic.
Furthermore, their theoretical ontological model operated on the
basis of structuring logical formalism by performing logic rules
that support inference mechanism.
The aforementioned works presented the notion of temporal and
spatial variability in relation to semantic ontology modeling for
natural phenomena. The decisive element on each approach is the
provided method to which information is treated for advanced

reasoning. Furthermore, network schemes are describing the ac-
cording ontologies and concepts, in addition to system operation
and observation. On the contrary, we propose an elementary con-
cept on the basis of event evolution divided in two semantic layers,
location and time, that is ordained in the basis of environmental
system. Moreover, the graph is taking into consideration qualitative
parameters of a sensing system in the form of accuracy.

3 MODELING ENVIRONMENTAL
MONITORING

The herein proposed model combines analytic environmental mon-
itoring and spatio-temporal conjecture within a sensor network
framework. Environmental parameters are assessed dually as static
and dynamic suggesting their local and temporal characteristics.
The general conception depicted in Fig. 1 separates sensor record-
ings among Location and Time, which subsequently produce the
Spatial and Temporal state of the environment. Each observation
contains the Sensor Output that consists the sum of recordings,
along with sensing technical specificities described as accuracy
(spatial and temporal). The output represents the given location
(i.e., Latitude and Longitude) and time accompanied by a set of
captured physical parameters. The main purpose of this ontology is
to present a novel conceptualization of an integrated environmental
monitoring system.
The effect of natural phenomena is optimally captured within a
given temporal resolution [4]. These variations are affiliated with
natural event development, therefore recording variables are de-
pendant of their distinctive temporal identifier (i.e., time-stamp).
The variables are classified into particular fields of environmen-
tal systems, taking into consideration their specific characteristics
(Fig. 3). Particularly, each recording is considered as a Temporal En-
vironmental State captured on a given time interval. Furthermore,
each State contains three sub-classes including the environmental
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Figure 2: Model’s spatial aspects

systems (Aquatic, Terrestrial and Atmospheric) and subsequently
by their respective sensor measurement capabilities. The proposed
model is quite flexible and can be adjusted to the required research
framework, i.e., one or more of its sub-classes may be altered ac-
cordingly.

Natural elements preserve process dependant characteristics,
thus require contrasting approaches in relating to the scientific
inquiry in place. Therefore, the environment is segregated into
climatic, solid earth and life bearing systems, each of these are
recognized by their particular characteristics. Successively, envi-
ronmental research requires specific classification due to existing
particularities on natural processes and monitoring methodologies.
Hence, on the purpose of specialized environmental observation we
established a set of subordinate categories that describe the dynam-
ically observed environmental state (Fig. 3). These are atmospheric,
aquatic and terrestrial, and each contains further distinctive sub-
classes that describe processes and quantities.
Apart from event development through time, every location bares
specific properties regarding the general conditions of the spe-
cific environmental system. These properties are designated as the
aquatic, soil, climatic, vegetation, geomorphological features of a
given position the sensor is located or been on the time of recording
(Fig. 2). Moreover, spatially relevant variables produced by station-
ary sensing nodes are used in the purpose of further correlation
between the general environmental state and real-time recordings.
In relation to this representation model, a system of specialized
recording equipment is deployed in the field [23]. The devices are
operating interactively with model design and creation under the
scope of systemic integration and are capable of producing cus-
tomized real world data.

4 FUTUREWORK AND CONCLUSIONS
It should be clear by now that our current research attempt focuses
on the first step of a broader goal, i.e., the one of efficiently utiliz-
ing sensory spatio-temporal environmental concepts through an
integrated semantic data model to achieve meaningful and qualita-
tive better raw data handling. In order to demonstrate the model’s
efficiency, we plan to apply it on a viticulture data optimization
task; the latter is currently deployed on site with the aid of state-
of-the-art meteorological stations and soil sensors implemented
with the aid of Raspberry Pis microprocessors4. The main scope of
the particular application will be to collect microclimatic features
and parameters on vineyards for the purpose of their quality as-
sessment. In this framework we shall utilize various web, computer,
sensors, communication system and software components and the
overall system will be designed to collect a small sample of local
weather data through a network of connected weather stations and
soil sensors from selected vineyards. Thus, the application of the
aforementioned model will produce intelligent farming knowledge
in the direction of optimized, smart viticulture activities.
Still, in its current form this paper presents a preliminary ontology
model for environmental monitoring that identifies the system’s
measurement capabilities under the scope of spatial and tempo-
ral observations. The herein presented model described functional
parameters and physical concepts related to natural systems and
their processes. Furthermore, its technical parameters are consid-
ered on the basis of sensor accuracy and is divided into a dynamic
(temporal) and a static (spatial) environmental state. In conclusion,
the proposed model in the form of a graph manages to success-
fully describe environmental monitoring as a dynamically evolving
process with several variables and assumptions. A further future
development of the model is planned in order to portray classes,
relations and instances in detail, among the integrated monitoring

4http://raspberrypi.org
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Figure 3: Model’s temporal aspects

domain [19]. Furthermore, the research will be driven by existing
standards on the direction of implementing a common platform on
automated environmental monitoring. Thus, the proposed system
will evolve in accordance to the specifications of inference engines
[2] on the purpose of automated environmental assessment.

ACKNOWLEDGMENTS
The financial support by the European Union and Greece (Partner-
ship Agreement for the Development Framework 2014-2020) under
the Regional Operational Programme Ionian Islands 2014 - 2020 for
the project “Smart vine variety selection and management using
ICT - EYOINOS” is gratefully acknowledged.

REFERENCES
[1] Miguel F. Acevedo. 2016. Real-Time Environmental Monitoring: Sensors and Sys-

tems. Taylor and Francis Group, Boca Raton, Florida, USA.
[2] Payam Barnaghi, Wei Wang, Lijun Dong, and Chonggang Wang. 2013. A Linked-

Data Model for Semantic Sensor Streams. In 2013 IEEE International Conference
on Green Computing and Communications and IEEE Internet of Things and IEEE
Cyber, Physical and Social Computing. 468–475.

[3] Lokesh B. Bhajantri and R. Pundalik. 2017. Data processing in semantic sensor
web: A survey. In 2017 3rd International Conference on Applied and Theoretical
Computing and Communication Technology (iCATccT). 166–170.

[4] Mehul Bhatt and Jan Oliver Wallgrun. 2014. Geospatial Narratives and Their
Spatio-Temporal Dynamics: Commonsense Reasoning for High Level Analyses in
Geographic Information Systems. ISPRS International Journal of Geo-Information
3 (2014), 166–205.

[5] Michael Compton, Payam Barnaghi, Luis Bermudez, Raul Garcia-Castro, Oscar
Corcho, Simon Cox, John Graybeal, Manfred Hauswirth, Cory Andrew Henson,
Arthur Herzog, Vincent Huang, Krzysztof Janowicz, W. David Kelsey, Danh Le
Phuoc, Laurent Lefort, Myriam Leggieri, Holger Neuhaus, Andriy Nikolov, Kevin
Page, Alexandre Passant, Amit P. Sheth, , and Kerry Taylor. 2012. The SSN
ontology of the W3C semantic sensor network incubator group. Web Semantics:
Science, Services and Agents on the World Wide Web 17 (2012), 25 – 32.

[6] Giuseppe D’Aniello, Matteo Gaeta, and Tzung-Pei Hong. 2018. Effective Quality-
Aware Sensor Data Management. IEEE Transactions on Emerging Topics in Com-
putational Intelligence 2 (2018), 65–77.

[7] Truong Khanh Duy, Gerald Quirchmayr, Amin Tjoa, and Hoang Huu Hanh. 2017.
A semantic data model for the interpretion of environmental streaming data.
In 2017 Seventh International Conference on Information Science and Technology
(ICIST). 376–380.

[8] Fethi Ghazouani, Wassim Messaoudi, and Imed Farah. 2016. Towards an onto-
logical conceptualization for understanding the dynamics of spatio-temporal
objects. 2nd International Conference on Advanced Technologies for Signal and
Image Processing (ATSIP) (03 2016), 543–548.

[9] Benjamin Harbelot, Helbert Arenas, and Christophe Cruz. 2015. LC3: A spatio-
temporal and semantic model for knowledge discovery from geospatial datasets.
Web Semantics: Science, Services and Agents on the World Wide Web 35, 1 (2015),
3–24.

[10] ChuanminHu, BrochMurch, Alina A. Corcoran, Lianyuan Zheng, Brian B. Barnes,
Robert H.Weisberg, Karen Atwood, and JasonM. Lenes. 2016. Developing a Smart
Semantic Web With Linked Data and Models for Near-Real-Time Monitoring of
Red Tides in the Eastern Gulf of Mexico. IEEE Systems Journal 10, 3 (Sept 2016),
1282–1290.

[11] Alia Ibrahim, Francois Carrez, and Klaus Moessner. 2013. Spatio-Temporal Model
for Role Assignment in Wireless Sensor Networks. Proceedings of the 2013 19th
European Wireless Conference (EW) (01 2013), 1–6.

[12] Manolis Koubarakis and Kostis Kyzirakos. 2010. Modeling and Querying Meta-
data in the Semantic Sensor Web: The Model stRDF and the Query Language
stSPARQL. In The Semantic Web: Research and Applications. Springer Berlin Hei-
delberg, Berlin, Heidelberg, 425–439.

[13] Kuldeep R. Kurte, Surya S. Durbha, Roger L. King, Nicolas H. Younan, and Ab-
hishek V. Potnis. 2017. A spatio-temporal ontological model for flood disaster
monitoring. In 2017 IEEE International Geoscience and Remote Sensing Symposium
(IGARSS). 5213–5216.

[14] Kostis Kyzirakos, Manos Karpathiotakis, and Manolis Koubarakis. 2012. Strabon:
A Semantic Geospatial DBMS. In The Semantic Web – ISWC 2012. Springer Berlin
Heidelberg, Berlin, Heidelberg.

[15] Danh Le-Phuoc, Hoan Nguyen Mau Quoc, Hung Ngo Quoc, Tuan Tran Nhat,
and Manfred Hauswirth. 2016. The Graph of Things: A step towards the Live
Knowledge Graph of connected things. Web Semantics: Science, Services and
Agents on the World Wide Web 37–38 (2016), 25–35.

[16] Vuk Mijovic, Valentina Janev, Dejan Paunovic, and Sanja Vranes. 2016. Ex-
ploratory spatio-temporal analysis of linked statistical data. Web Semantics:
Science, Services and Agents on the World Wide Web 41 (2016), 1 – 8.

[17] Charalampos Nikolaou, Kallirroi Dogani, Konstantina Bereta, George Garbis,
Manos Karpathiotakis, Kostis Kyzirakos, and Manolis Koubarakis. 2015. Sextant:
Visualizing time-evolving linked geospatial data. Web Semantics: Science, Services
and Agents on the World Wide Web 35 (2015), 35 – 52.



PCI’18, Nov. 29 - Dec. 1, 2018, Athens, Greece Yorghos Voutos and Phivos Mylonas

[18] Azer Nouira, Lilia Cheniti-Belcadhi, and Rafik Braham. 2017. A Semantic Web
Based Architecture for Assessment Analytics. In 2017 IEEE 29th International
Conference on Tools with Artificial Intelligence (ICTAI). 1190–1197.

[19] Fangling Pu, Zhili Wang, Chong Du,Wenchao Zhang, and Nengcheng Chen. 2016.
Semantic integration of wireless sensor networks into open geospatial consortium
sensor observation service to access and share environmental monitoring systems.
IET Software 10, 2 (2016), 45–53.

[20] Robert G. Raskin and Michael J. Pan. 2005. Knowledge representation in the
semantic web for Earth and environmental terminology (SWEET). Computers
and Geosciences 31, 9 (2005), 1119 – 1125.

[21] M. U. H. A. Rasyid, A. Sayfudin, A. Basofi, andA. Sudarsono. 2016. Development of
semantic sensor web formonitoring environment conditions. In 2016 International
Seminar on Intelligent Technology and Its Applications (ISITIA). 607–612.

[22] Jonas Tappolet and Abraham Bernstein. 2009. Applied Temporal RDF: Efficient
Temporal Querying of RDF Data with SPARQL. Aroyo L. et al. (eds) The Semantic
Web: Research and Applications. ESWC 2009. Lecture Notes in Computer Science
5554 (2009).

[23] Yorghos Voutos, Phivos Mylonas, Evaggelos Spyrou, and Eleni Charou. 2018. An
IoT-based insular monitoring architecture for smart viticulture. In 9th Interna-
tional Conference on Information, Intelligence, Systems and Applications.


	Abstract
	1 Introduction
	2 Related Works
	3 Modeling environmental monitoring
	4 Future work and conclusions
	Acknowledgments
	References

