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Abstract 
 
AgriOn ontology is the advancement of the agriculture ontology. The 
ontology for agriculture already published is either taxonomy such as 

AGROVOC that defines common terms or ontologies that have been 

developed for smart farming but have not published their ontology for reuse. 

AgriOn promises a description of ontology to be reused as it follows the best 
practices for ontology development. In this paper, we presented the 'AgriOn' 

agricultural ontology concept along with the IoT concept of smart farming 

with nearreal-time activities. Along with AgriOn Ontology, the data 
annotation for smart agriculture with lightweight IoT-Lite ontology instead 

of SSN ontology is presented in this paper. Some knowledge-based 

taxonomies for soil moisture data are defined using the Semantic Reasoner 
Rules. The M3 ontology and the M3-Lite taxonomy are used to express the 

sensor data unit and the quantity type information. To make the annotated 

data sensor lighter, a notation 3 (n3) data format is used, which takes less 

space than XML and JSON. To demonstrate the logical knowledge extract 
from the sensor data, the Reasoner Rules and the SPARQL queries are 

included, which extract the soil moisture knowledge from the field partition. 

An open-source protected tool is used to develop ontology.  
 

 

Keywords: Internet of Things (IoT), Smart farming, Ontology,Semantic 

reasoner rules, soil-moisture. 
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1 Introduction 
 

A sensor network is an approach in subtracted raised area which contains 

a numerous tiny, little, little-energy, wireless device known as sensor node. It 

is equipped to carry out information dispensation, data collection and 
exchange information with additional coupled within the area of sensor 

nodes. Information is launched from start to destination, path afterward to 

different notes.   

The emergence of low-cost and technical interoperable sensors, wireless 
network technology, cloud computing, semantic web, and data analytics 

revolutionizes the integration of Internet of Things (IoT)-enabled 

applications in various domains. Incorporating IoT to precision farming has 
been introduced by the use of high-tech embedded sensors for monitoring the 

environment in farm and livestock[21]. To improve the overall operation and 

management of agriculture in a real-time environment, smart farming needs 

to be gathered, processed, analysed, and automated in the fields[22]. 
The IoT is an appropriate fit for smart farming due to its large-scale 

interoperability, scalability, and flexibility in the implementation of multiple 

agricultural domains[23]. The IoT-based infrastructure provides a 
revolutionary approach to transforming traditional farming practices into a 

smart agricultural horizon with a higher potential for growth and 

sustainability.  
Ontological domain description, linked data, the common data formats 

are the key concept that motivated us to create an ontology for the agriculture 

domain and make it available for the other user as it supports reusability. 

There are a smaller number of ontologies available for smart agriculture 
applications. The already published ontology for agriculture either 

taxonomies like AGROVOC[31] that define the common terms or ontologies 

that developed for the smart farming, but they not published their ontology 
for reuse.AGROVOC the thesaurus for agriculture and related domains 

started at 1980s and currently coordinated by Food and Agriculture 

Organization[32].
. 

Most of the concept is written in multilingual form for 
global appeal. Till now the vocabulary comprises more than 37,000 notions 

available in about 39 languages. The AGROVAC concepts are aligned to 18 

linked open agriculture databases to support interoperability. 

We have used the ontology development tool Protégé with guidelines 
described by Noy, and McGuinness [20]. We have also followed the best 

practices that are an essential part of ontology development as ontology is 

meant to be reused as well as it should be scalable.  
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We have adopted the core part of the AgriOnt[16] ontology, and based 

on the already defined terms, we have defined our terms and concepts 

following the best practices. 

The SSN ontology covers all the aspects regarding sensor and its 
deployment, sometimes this much information is not needed, especially when 

the sensors are attached with resource-constrained devices. The in-depth 

description makes the ontology complex and cumbersome in the context of 
IoT devices. The IoT-Lite ontology covers all the terms which define sensor 

description. 

The domain-related taxonomy is the very first step towards building a 
common knowledge base for interoperability. We have defined some 

knowledge-based taxonomies for soil moisture data through the Semantic 

Reasoner Rules. The Reasoner Rules may define taxonomies for a better 

understanding of the annotated data. It extracts knowledge from the 
annotated data to be understood by humans. 

Over the last few decades, agriculture has shifted from small-to-medium-

sized farming to highly industrial and commercial farming. Despite people's 
perception of the agricultural process, the fact is that today's agricultural 

industry is data-centric, reliable, and smarter than ever before. Almost all 

sectors, including intelligent agriculture, have been redesigned since the IoT 

technologies have evolved rapidly. The industry has thus changed from 
quantitative to statistical solutions. These innovative modifications shake up 

traditional techniques of farming and create novel possibilities, as well as 

numerous challenges. 
Farmers should also visit farm sites during their crop life to obtain a 

better understanding of the conditions in all of their crops, based on standard 

agricultural practices.To this, intelligent agriculture is required because, 
instead of performing fieldwork, 70 percent of the time spent in farm 

tracking and understanding crop states[24]. Real remotes from farmers may 

follow the activities on the field, without being involved, of the latest sensing 

and communications technologies. Wireless sensors enable continuous 
monitoring of plants with greater accuracy and above all detect early stages 

of the unintended situation. Modern agriculture, therefore, requires the use of 

intelligent tools and kits from seed to harvest, including in storage and 
transport. Timely reporting with various sensors makes the whole operation 

not only intelligent but also economical thanks to its accurate monitoring 

capability. Differentrobotic weeders, satellites, electric tractors, drones, 
andharvesters support farm equipment. Sensors can be installed and data 

collection begins within a short time, which is then available online for 

further analysis almost immediately. Cultivation and location-specific 

farming are possible with sensor technology as it enables accurate data 
collection at any location. 
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A wide variety of divisions and sectors, from communications, health, 

manufacturing, and resources to agriculture to reduced inadequacies and 

efficiency on all markets, were recently affected by the Internet of Things 

(IoT).[25-29] In agricultural practices, all aspects of conventional farming 
methods can be fundamentally changed by the implementation of new 

sensing and IoT technologies. The seamless incorporation of wireless and 

IoT sensors into clever farming will now increase farming to previously 
unthinkable levels.IoT, Smart agriculture, can help to enhance the solutions 

to many traditional agricultural disputes, such as land suitability, drought 

response, pest control, irrigation, and yield optimization. 
IoT devices and solution providers, therefore, need to come up with low-

cost sustainable solutions to reduce the cost of ownership for farmers, such as 

the widespread availability of low-cost sensors and ubiquitous connectivity 

that will come with Cellular NB-IoT. Similarly, IoT devices optimizing 
power consumption built on power-efficient sensors and processors will be 

needed to ensure deployments do not become a high maintenance problem. 

 

1.1 Need for New Ontology 
 

 To share a common understanding of the structure of 

information among people or software agents. 

 To enable the reuse of domain knowledge. 

 To make domain assumptions explicit. 

 To separate domain knowledge from the operational knowledge. 

 To analyze domain knowledge. 

 

1.2 The Following Contributions are Presented in this Paper 
 

 Presents an ontology for agriculture domain „AgriOn‟ along with 
the IoT concept makes smart farming with near real-time activities. 

 Along with the AgriOn Ontology, the sensor data annotation for 

smart agriculture with lightweight IoT-Lite ontology instead of SSN 
ontology is suggested. 

 The M3 ontology and M3-Lite taxonomies are used to express 

the unit of the sensor data and quantity kind information. 

 To make annotated sensor data lighter, the notation3 (n3) data 
format is used, which takes less space as compared to XML and JSON. 

 Knowledge-based taxonomies for the soil-moisture data through 

Semantic Reasoner Rules are defined. 
The rest of the sections of this paper is sorted out as follows. Section 2 

analyzes some earlier literature that focused on research on ontology for IoT 

based Agriculture. Section 3 describes the Ontology for IoT Based 
Agriculture. The proposed approach is explored in Section 4 at last, the 

conclusion and future scope of this work are described in Section 5. 
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2 Related Work 
 

M. Bermudez-Edo et al.[1] proposed IoT-Lite to define key IoT concepts 
that enable interoperability and sensory data discovery in a heterogeneous 

IoT platform through lightweight semantics, by instantiating the ontology of 

semantic sensor networks. Sets and follow the rules to construct the IoT-
Lite[1][2] for successful and scalable semantic model design. 

To create IoT applications, Gyrard et al.[3] developed a machine to 

machine measurement framework and help users and developers to 

understand the sensors. We are researching semantic web technologies 
related to the area of the Internet of Things. Based on annotated semantic 

data, providing useful WoT data information, and reuse knowledge for 

interoperability to create smarter WoT applications[4]. A smart IoT 
framework will exploit foundational network properties and comply with 

standards to create IoT applications at large, with little to no human 

interference. The network of knowledge also plays a key role by specifying 
semantic reasoningrules and frameworks for integrating information for 

knowledge generation[5]. Automated exploration and implementation of IoT 

system data rules in smart cities (S-LOR: Sensor-based Linked Open Rules). 

In terms of data reusability, syntax, and interoperability, S-LOR follows 
LOD standards. Through using a rule-based discovery paradigm[6], the S-

LOR framework will automatically process and interpret data from the IoT 

devices.  The ontology catalog made spacially for IoT (LOV4IoT) has been 
analyzed IoT along with different IoT applications and vocabularies 

(Ready4SmartCities, LOV, and OpenSensingCity)[7]. 

Elsaleh et al. [8] proposed a sémantic framework model for stream 

annotations and the semántic model that promotes the implementation of 
stream sensory data IoT applications. With the principal concept, 

StreamObservation accelerated the questions to the model and created other 

concepts required to crawl and search streams around this key concept, with 
value propertiesand simple temporal. Therefore, the processing time of 

stream queries was increased. Generated a fully compatible lightweight 

semantic model that expands on the popular SSN ontology and its recent 
SOSA lightweight core.[9] A lightweight semanticized model is introduced 

to annotate IoT sources. For searching and discovery of data using different 

attributes, such as value and type, the metadata descriptors given in models 

are used. The model includes widely used ontologies such as the SSN 
ontology W3C / OGC and its latest lightweight heart, SOSA, as well as 

principles for IoT streaming.SOSA ontology is a lightweight SSN system 

offering sensor descriptions, interest characteristics, and observational 
values[30][29][19]. 

Compton et al. [10] described the SSN ontology and use of the ontology. 

Kamilaris et al. [11] suggested Agri-IoT, which supports reasoning on 
multiple heterogeneous sensor data sources in real-time.  
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A semantical system for IoT based smart farming applications. Agri-IoT 

will combine several transnational data sources, offering a full semantic 

processing pipeline, and providing a common framework for the application 

of intelligent farming. Agri-IoT is a robust data analysis and event 
identification enabling seamless interoperability between sensors, 

infrastructure, processes, activities, farmers, and other related stakeholders, 

including online sources of information and connected open data systems and 
Web streams. 

The knowledge needs of farmers and the farming climate have been 

established for Sri Lankan farmers in Walisadeera et al.[12]. In the defined 
consumer background, formulate farmers' knowledge needs. To reflect the 

contextualized knowledge, present an ontological approach. The Delphi 

Method and the OOPS! (web-based tool) were used to validate the ontology. 

In a model that automates the process of evaluating numerous key features 
for assessing the current and upcoming conditions for enhanced crop yields, 

Vincent et al.[13] presented the study. The various classifications help 

determine whether to start a new session well in advance. Hu et al.[14] 
suggested an ontological approach to the classification and extraction of 

semantic-logical agricultural items and established frameworks for sharing 

and reusing farm information to solve the question of semantic 

interoperation. The farming ontology AgOnt IoT is focused on farming terms 
and lifecycles of grain, plants, transport, storage, and use, as well as on crops. 

This single meta-model allows for the convergence and the seamless access 

of heterogeneous agricultural data sources. 
Drury et al. [15] analyzed pre-existing semantic tools and methods of 

design, criteria for data exchange, and the implementations of semantic 

network technologies at present. Ngo et al. [16] proposed an agriculture 
ontology for the purpose of smart agriculture systems, namely AgriOnt. This 

ontology includes not only basic farming principles but also spatial, IoT, 

market subdomains, and other information derived from diverse datasets. 

This ontology allows all users of farm data from many different data 
platforms to understand the connections between them easily. In this 

research, we  

Atzori et al.[17] focused on IoT and the integration of several 
technologies and communications solutions. Different visions are recorded of 

the framework of this Things Internet. Sheth et al. [18] proposed the 

annotation of sensor data with semanticized metadata to enhance both 
interoperability and contextual details necessary for the awareness of 

situations. 

Wei and Barnaghi[28] have been studying the way rules can be used to 

extract additional or approximate information via sensor observation and 
data, and related data. It also discussed the connexion between sensor data, 

semantic web and social media, enabling context-aware applications and 

services to be built and contributing to the creation of a networked  
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information system. The ontology-building methodology for declarative 

frame-based systems was defined by Noy and Deborah L. McGuinness[20]. 

Key Findings: 

1. The previous works did not show any logical implications of the 
annotated data like SPARQL query and reasoner rules, along with the data 

instances for the agriculture domain and sensor ontology. 

2. Previous work AgriOnt only concentrates on the fusion of 
agriculture domain with IoT, and it is not explored the main aspect of 

agriculture for smart farming.  

3. The previous work AgriOnt, is not published publicly as URL, 
which is one of the best practices of the ontology development. 

 

3 AgriOn: The Ontology for IoT Based Agriculture 
 

There are some ontologies and taxonomiesfor the agriculture domain that 

are already published on the web. However, ontologies for smart agriculture 
are scarce, where sensor data of soil, and environment are ever-changing. 

Some ontologies tried to make a pervasive system for agriculture, but neither 

they follow W3C best practices and publicly available, nor they cover the 

prime aspect of agriculture. These reasons are motivated us to 
makeagriculture ontology for precision agriculture. We present a 

comprehensive ontology that defines the concept of precise agriculture with 

soil type, soil condition, virus attack, fertilizers, pesticide, field process, and 
crop process. 

 

3.1 System Architecture 
 

The development of the proposed model as an IoT system consists of 

different technical layers. It includes WSN with ZigBee protocol and SenML 

data format between the WSN nodes, Semantic annotation of sensor data on 
the Gateway of WSN with sensor ontologies (SSN, IoT-Lite, M3, and M3-

Lite), Semantic annotation of agriculture data with different domain 

ontologies (AgriOn, FOAF, Geo, and Time), storing semantic data on the 
cloud triple database where rules and queries over this data can be 

performed, and at the last user interface for the showing the relevant results 

for the agriculture. Figure 1 shows AgriOn System Architecture. 
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Figure 1: AgriOn System Architecture 

 

 

 

3.2 Ontology Design Best Practices 
 

The development of ontology needs proper justification, due to it ismeant 
to be reused, so it is meaningful when there is a new concept that has to be 

developed or enhancement in the already established ontology. Noy and 

McGuinness presented guidelines for the development of the ontology 
[20]thatcover the questions such as why what, and how.These questioners 

increase the effectiveness of reusing existing ontology or the development of 

a new one. An ontology should follow good practices to understand and 

reuse properly. The W3C provided the document [33] for good practice 
principles and recognizing, recording, and publishing vocabulary termsin 

ways that could be reusable and enable their citation for other users. 

The W3C documentPrinciples of Good Practice 
1. Use URIs For Naming 

2. Provide Readable Documentation 

3. Articulate Maintenance Policies 
4. Identify Versions 

5. Publish a Formal Schema 

The AgriOn ontology facilitates the taxonomy and documentation 

following the above mention concept to reuse in wide range applications. 
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4 Proposed Model 
 

The proposed ontology AgriOn is anadoption of the basic agriculture model 
AgriOnt[16], where we have included some new terms, modified some 

existing ones, and excluded some nonrelevant terms to perform precision 

agriculture. The AgriOnt model does not use the W3C best practices;even 
more, the model is not published publicly to reuse, which is a fundamental 

common practice. Moreover, it didn‟t include primary concepts like 

field(farm) process, time-dependent crop process, soil type, virus, pesticide, 

fertilizer. Moreover, our presented model uses IoT-Lite ontology instead of 
SSN for sensor data modeling, which is a lightweight model,along with these 

we use M3-Lite taxonomyto supports some common terms like a unit and 

quantity kind which is not in SSN. Agrion ontology is available 
athttps://w3id.org/linkedsensor/ontology/agrion 

Fig. 2 represents the comprehensive AgriOn ontology, and List. 2 shows 

the agriculture data annotation for this ontology. While most of the 
agriculture ontology focused on the taxonomy and agriculture-related 

concepts, the AgriOn ontology consistsof SSN, IoT-Lite, M3, M3-Lite, and 

Geo ontology that connects agriculture with the IoT as the smart agriculture 

application. Along with this, we have developed some new terms for 
agriculture ontology like soil type, soil condition, soil process, crop process. 

Some taxonomy has been borrowed from other ontology like FOAF, 

Quantity Kind, and Time.   
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Figure 1: AgriOn: A comprehensive ontology for precision agriculture 
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Figure 2 presents a comprehensive ontology model“AgriOn” for the IoT 

based precision agriculture. All the boxes in the figure represent ontology 

classes (terms), solid lines from one class to another class shows superclass 
relationship, and all dotted lines represent object properties (relationship) 

between classes. Some external ontologies are reused to express the AgriOn 

model like FOAF, Geo, Time, SSN, IoT-Lite, M3, and M3-Lite. Terms 
presented by the AgriOn as follows: 

Field (or farm) presents a physical space with geo longitude, latitude, 

and altitude, where one or more crops can be planted. Field class has a 
relationshipwith classes person, Point, weather condition, and FieldPartition. 

Field Partitionshows the partitions of a farm according to the crop 

types. A farm can have multiple crops. The FieldPartitionclass is related to 

point, SoilCondition, SoilType, and CropType classes.  
CropType term describes types of possible crops which can be plated at 

field partitions. It is a subclass of Cropclass, where Crop represents a class 

of all types of crops. The CropType class has the most relation among all the 
classes with FieldProcess, ProductProcess, CropProcess, FertilizerType, 

CropGrowthProblem, Virus, and pesticide type. 

Soil Typerepresents all six types of soil, i.e. categorized based on the 

agriculture use, namely “Loamy”, “Clay”, “Sand”, “Silt”, “Peat”, and 
“Chalk”. TheSoilCondition term represents the state of the soil of particular 

field partitionat the time of irrigationin the form of „Dry‟, „Wet‟, „Extra Wet‟, 

and „Flooded. This soil condition is obtainedinreal-time using the sensor 
setup with the semantic reasoner rules. The Soil class is a superclass of both 

SoilType and SoilCondition.  

Field Process represents thefieldpartition preparation activitiesfor the 
cultivation of a crop.The field process term includes „ploughing‟, 

and„compost‟activities asthe instance of the class. TheCropProcess term 

represents crop-related activity instances like „harvesting‟, „nursery‟, 

„transplanting‟, „weed control‟ etc. The ProductProcessrepresents the end 
agriculture products related process instances like „transportation‟, „Paddy 

milling‟, „storage‟ etc. All three classes are a subclass of Process class as 

well as the production process is also a subclass of Product. 
FertilizerType defines the type of fertilizer used in agricultural 

activities,and its method of use define by the ApplicationMethod class. It is 

a subclass of „Fertilizer‟ class.GrowingProblem, as the name suggests, this 
term defines the growing problem of crops with subclass 

Symptom.Virusclass represents the viruses that affect the different types of 

crops. PesticideTypeterm deals with the type of pesticidesto prevent 

different types of viruses.  
Weather conditionscan be obtained with the use of different sensors like 

temperature sensors, humidity sensors, wind speed, cloud coverage, solar 

radiation, etc. for the agriculture usages.  
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The soil conditions and weather conditions class interact with the sensor 

ontologies to obtain real-time conditions of a farm.Weather is the superclass 

of weather conditions.Condition term represents the virtual entity that 
includes SoilCondition and WeatherCondition as subclasses.  

 

4.1 Modelsallied from Other Sources  
 

A person represents an individual entity that holds the ownership of the 

field. In our ontology, the person term is represented by FAOF[34] ontology, 
which is one of the good ontologies recommended by W3C[35] for best 

practices. 

The location term denotes the geolocation of the field and its partition 

for the different crops, where sensor nodes are disseminated.The location 
term is linked from Geo ontology[36]

 
 which includes longitude, latitude, 

altitude, and relative location, such as „area1‟ for the precise location. So 

many applications do not include altitude as the location parameter as per 
there need. However, agriculture products highly dependent onthe altitude of 

the location due to different crops cultivated at different altitudes. Relative 

location helps to name the particular area or location. 

Time durationspecifies the time interval for the time-sensitive class 
„CropProcess‟ that defines time duration for the different crop processes. 

This term is adopted from the W3C time ontology[37]. 

IoT-Lite ontology[38] is used for sensor data annotation with quantity 
kind and endpoints semantics. The IoT-Lite ontology is the lightweight 

ontology based on the SSN ontology[39], which is best suited for IoT 

constrained devices. From the SSN ontology, we have used „System‟, 
„Device‟, and „SensingDevice‟ terms,that are adopted at the IoT-Lite 

ontology.Along with IoT-Lite ontology, our proposed model used M3 

ontology [40] and M3-Lite taxonomy[41] for measurement relation and 

quantity kind vocabulary accordingly foragriculture sensed data. The sensed 
data with semantic informationare related to the terms „WeatherCondition‟ 

and „SoilCondition‟ of the proposed model.  

Other than the above-mentioned ontologies, we have used some common 
ontology models like RDF, RDFS, XML, and XSD to establish relations 

using the object property and data property. Figure 3 shows Sensor ontology 

with AgriOn. 
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Figure 3: Sensor ontology with AgriOn 

 

4.2 Data Instance of the Model 
 

To model the AgriOn ontology, we have followed the guideline for the 
development of the ontology, andbest practices discussed in the earlier 

section. As a result, there are the AgriOn ontology contains 78 classes, and 

419 axioms, which explore precision agriculture with lite-weight „IoT-
Lite‟ontology to connect agriculture concepts with sensor ontology. The 

explained ontology covers the basic aspect of agriculture, soil, weather, 

process, virus, pesticide, fertilizer, crop-related information, and its relation 

with each other, which is not fully covered by previously developed 
ontologies.The statistics of the classes and properties for the AgriOn are 

given in the table 1: 
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Table 1: Ontology Metrics 

Type Count 

Axiom 419 

Logical axiom count 154 

Declaration axioms count 121 

Class count 78 

Object property count 31 

Data property count 2 

Individual count 4 

Annotation Property count 12 

 

To support Indian context agriculture taxonomy, we have extracted soil 

and field process-related information like nursery, transplantation, weed 
control, irrigationfromthe Agropedia website[42] developed by IIT 

Kharagpur, India.Along with this information, the time duration for different 

crop processes, viruses that affect crops, pest control, and fertilizers for crop 
also has been taken from the Agropedia.The time duration is a very crucial 

aspect of any crop type,as every crop needs a specific amount of time for 

different crop processes. The crop growthproblems and its symptoms, 
different viruses that affect crops with pesticides, can be used, and fertilizers 

for different crops are taken as terms in the AgriOn ontology.  

The proposed AgriOn ontology work as a semantic framework that 

produces agriculture sensor datawith linked data conceptsfor data analytics 
and end-user. To show the data modeling (instances of the defined ontology 

terms) of smart farming,we have developed an instance of AgriOn (refer to 

Figure 4 and Figure 5).Figure 4 shows the agriculture-related data instances 
with the ontology defined terms.In the figures, different color boxes show the 

ontologies that have been reused from various sources, the rest of the terms 

are defined by us. The Figure shows agrifieldis the instance of the Field 
itself; we can treat it as the name of the agriculture land. The fieldpart1 is the 

instance of an area of the field or a partition of the field. The physical 

division of the field area in our case shows a crop is cultivated at aparticular 

area of the field; there can be one or more partitionsbased on different crops. 
The fieldpart1is related with the SoilType and Point terms, which show the 

information about the type of the soil and geolocation of the field 

partition.Here we have shown the use-case of the brinjal crop cultivation 
process according to AgriOn ontology.The CropType has a relation with 

different crop activities. The Figure shows an instance of brinjal crop 

activities like required field process, crop process for the crop, fertilizer, and 

virus information of the crop. 
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Figure 2: An instance of AgriOn Ontology 

 

Whereas Figure 5 shows the sensor data relatedto the AgriOn ontology. 

The instance shows the soil humidity level for the field that reflects the 
SoilCondition of the field area. Here the sensing device is the node1soilmoist, 

which continuously exposes the soil moisture condition using an endpoint. 

The annotation consistsof quantity kind, the unit of measurement, and the 
value of the measurement. Here we have shown only the soil moisture use-

case, the process is applied to all the sensors shown in the Figure for the 

application. Sensors soil moisture, soil salinity, and soil temperature define 

the soil condition of a particular field partition. These sensors are wrapped in 
one node and disseminated all over the field separated by field partitions. 

Whereas, sensors solar radiation, CO2, and temperature are centralized and 

produces the weather condition of the overall field.  
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Figure 3: An instance of AgriOn system with sensor ontologies 

 

4.3 System Deployment with WSN and AgriOn Ontology 
 

We have instantiated the AgriOn ontology with the WSN, and different 
agriculture-related sensors. The system deployed to relate agriculture 

concepts with the soil and weather data extracted from the different sensors. 

WSN nodes are deployed at different field partitions to extract the soil data. 

The filed partitions are the physical division of the farm to cultivate the 
different crops. One node of WSN is disseminated near to the central station 

(Gateway) to collect the weather data.    
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4.3.1 WSN with SenML 
 

The Wireless Sensor Network consists of sensor-enabled nodes that are 

disseminated on the different agriculture field partitions. Every node that is at 

the field partitions consists of a soil-moisture sensor, soil temperature sensor, 

and soil salinity sensor. To support the local weather data, a node consists of 
a CO2 sensor, air temperature, and relative humidity. It can be enhanced for a 

full flagged weather station with different weather-related sensors. The 

sensors are configured with resource-constrained and cost-effective devices 
(microcontrollers), and ZigBee protocol supported XBee devices for wireless 

communication. In our experiment, we are using a mesh network protocol, so 

the sensor nodes on the field partitions far away from the Gateway can send 
the data with the help of other nodes. To consider the interoperability and 

scalability as a prime factor, we have used the SenML specification for 

sending the data on WSN. Due to sensor data annotation and network 

capability, we chose the microprocessor as the Gateway. 
@prefix ao: <http://w3id.org/linkedsensor/ontology/agrion#> . 

@prefix as: <http://linkedsensor.in/agrion#> . 

@prefix dc: <http://purl.org/dc/elements/1.1/> . 
@prefix foaf: <http://xmlns.com/foaf/0.1/> . 

@prefix geo: <http://www.w3.org/2003/01/geo/wgs84_pos#> . 

@prefix iot-lite: <http://purl.oclc.org/NET/UNIS/fiware/iot-lite#> . 

@prefix m3: <http://sensormeasurement.appspot.com/m3#> . 
@prefix m3-lite: <http://purl.org/iot/vocab/m3-lite#> . 

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> . 

@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> . 
@prefix service: <http://linkedsensor.in/agrion/service/> . 

@prefix ssn: <https://www.w3.org/2005/Incubator/ssn/ssnx/ssn#> . 

@prefix time: <http://www.w3.org/2006/time#> . 
@prefix xml: <http://www.w3.org/XML/1998/namespace> . 

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> . 

as:agrifield a ssn:Platform . 

as:node1 a ssn:Device ; 
rdfs:subClassOfas:agrion ; 

ssn:hasSubSystem as:node1soilmoist, 

as:node1soiltemp ; 
ssn:onPlatform as:fieldpart1 . 

as:node1soilmoist a ssn:SensingDevice ; 

iot-lite:exposedBy service:node1 ; 
iot-lite:hasQuantityKind m3-lite:SoilHumidity ; 

    m3:hasUnit m3-lite:Percent ; 

    m3:hasValue "78"^^xsd:int ; 

time:numericPosition 1590563256.41 . 
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as:fieldpart1 a ao:FieldPartition, 

geo:point, 

ssn:Platform ; 

iot-lite:relativeLocation "Area1" ; 
geo:alt "297" ; 

geo:lat "21.24" ; 

geo:location "Area1" ; 
geo:long "81.36" . 

service:node1 a iot-lite:Service ; 

iot-lite:endpoint service:node1 

 

4.3.2 Sensor Data Modeling at WSN Gateway 
 

All the sensor nodes are sent the data to the Gateway (coordinator), 
where sensor data annotation has been done. To achieve interoperability, we 

have used Semantic Web services so that other systems could interact with 

our proposed system. The Gateway receives sensor data in the form of 
SenML data, which then unwrapped and annotation being done with sensor 

ontologies IoT-Lite, M3, and M3-Lite, which is described earlier. The 

Gateway has the rich computation, and network capabilities that support the 

programming for the sensor data annotation as well as it can connect to the 
cloud. For the annotation process, the python language and RDFLib library 

have been used. The annotated sensor data made available to the server using 

the endpoint (as shown in List 1). 

 

4.3.3 Linking Domain Ontologies 
 
The Gateway is responsible to send only the annotated sensor data. The 

other agriculture data, apart from the sensor data, are annotated at the cloud 

using the different domain ontologies. Ontologies are developed to reuse so 

they can provide common taxonomies and concepts. We have reused FAOF, 
Geo, W3C time, SSN, IoT-Lite, M3, and M3-Lite ontologies with the newly 

developed ontology AgriOn to annotate the agriculture data (see List. 2). All 

the data related to the AgriOn system (the sensor data from the WSN and the 
agriculture context data) comes to the server after annotation pre-processing.    

 

4.4 Querying the AgriOn data and Reasoner Rules 
  

Querying the semantically annotated data is one of the facilities that 

make the semantic web technology a more prominent candidate for the web. 

The semantic web provides reasoning capabilities with its query language 
SPARQL. Along with this, the user defines reasoner rules that can be applied 

to the semantic data. The SPARQL uses nesting of triples to extract in-depth 

information from the stored triples.  
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To reduce the layer of nested triples in the query, the extra annotation of 

the data can be done, which ensures the less nesting of triples in the 

query.But at the same time, the extra annotated triples take extra memory on 

the TDB and extra computation task for annotation. Due to queries are 
subject to user requirement that can be changed over time, so there should be 

some tread off between nesting of triples in query and extra annotation of the 

data. The annotated data should be molecular, so it takes the fewer triples to 
query, but at the same time, triples should not be very hugeas it takes too 

much memory. 
List 2: Agriculture data annotation using AgriOn ontology 

@prefix ao: <http://w3id.org/linkedsensor/ontology/agrion#>. 
@prefix as: <http://linkedsensor.in/agrion#> . 

@prefix foaf: <http://xmlns.com/foaf/0.1/>. 

@prefix geo: <http://www.w3.org/2003/01/geo/wgs84_pos#> . 
@prefix time: <https://www.w3.org/2006/time#> . 

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> . 

as:agrifield a ao:Field ; 

ao:OwnedBy [ a foaf:Person ; 
foaf:name "GiridharUrkude" ] ; 

ao:hasPartition as:fieldpart1 ; 

geo:location "Kailash Nagar, Bhilai, C.G. India" . 
as:Cypermethrin a ao:PesticideType . 

as:Endosulfan a ao:PesticideType . 

as:Loamy a ao:SoilType . 

as:bHarvesting a ao:CropProcess ; 
ao:hasOrder "4"^^xsd:nonNegativeInteger ; 

time:hasTemporalDuration "11"^^xsd:nonNegativeInteger ; 

time:unitTypetime:weeks . 
as:bNursery a ao:CropProcess ; 

ao:hasOrder "1"^^xsd:nonNegativeInteger ; 

time:hasTemporalDuration "5"^^xsd:nonNegativeInteger ; 
time:unitTypetime:weeks . 

as:bTransplanting a ao:CropProcess ; 

ao:hasOrder "2"^^xsd:nonNegativeInteger ; 

time:hasTemporalDuration "5"^^xsd:nonNegativeInteger ; 
time:unitTypetime:weeks . 

as:bWeedControl a ao:CropProcess ; 

ao:hasOrder "3"^^xsd:nonNegativeInteger ; 
time:hasTemporalDuration "2"^^xsd:nonNegativeInteger ; 

time:unitTypetime:weeks . 

as:brinjal a ao:CropType ; 
ao:hasCropProcessas:bHarvesting, 

as:bNursery, 

as:bTransplanting, 
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as:bWeedControl ; 

ao:hasFieldProcessas:compost, 

as:ploughing ; 

ao:isEffectedByas:shootBorer ; 
ao:usesFertilizerTypeas:nitrogen, 

as:phosphorus, 

as:potash . 
as:carBaryl a ao:PesticideType . 

as:compost a ao:FieldProcess . 

as:fieldpart1 a ao:FieldPartition ; 
ao:hasCropas:brinjal ; 

ao:hasSoilTypeas:Loamy . 

as:nitrogen a ao:FertilizerType . 

as:phosphorus a ao:FertilizerType . 
as:ploughing a ao:FieldProcess . 

as:potash a ao:FertilizerType . 

as:shootBorer a ao:Virus ; 
ao:controlledByas:Cypermethrin, 

as:Endosulfan, 

as:carBaryl.  

List3 shows a nested query to get the status of the soil condition of the 
field partition that is defined by reasoner rules. We have usedreasoner rule to 

define some taxonomy to understand better the condition of the field by 

farmers instead of representing the numerical data. For example, representing 
the soil moisture condition in the form of soil moisture data, we chose to 

represent the knowledge extracted from the data itself like Dry, Wet, 

ExtraWet, and Flooded.  
List 3: SPARQL query for extracting the status for field partition 

PREFIX ao: <http://w3id.org/linkedsensor/ontology/agrion#> 

PREFIX as: <http://linkedsensor.in/agrion#> 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 
PREFIX time: <http://www.w3.org/2006/time#> 

PREFIX ssn: <http://www.w3.org/ns/ssn/> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

SELECT ?field ?crop ?obj ?t 
WHERE { 

  ?field rdf:typeao:FieldPartition. 

  ?field ao:hasCrop ?crop. 
  ?field as:status ?obj . 

  ?n time:numericPosition ?t. 

FILTER(?t > "1590563260.41"^^xsd:decimal 
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4.5 Use-case and Applications 
 

For validation purposes, we made a prototype system for the AgriOn, 

which supports sensor dataannotation, query resolution, and reasoner rules. 
The WSN system was deployed on the agriculture field (Figure 6) with the 

11 nodes, where 9 nodes are disseminated on the different field partitions, 

one node has been deployed to collect the weather information, and one was 
the Gateway (coordinator) that collects all the agriculture sensor data in form 

of SenML description. The Gateway has the responsibility to annotate the 

sensor data with sensor supported ontologies and send the semantically 
annotated data over the cloud. The Agriculture related concepts which are 

not time-sensitive and not generated from the sensors are annotated on the 

server and stored in the Jena Fuseki TDB along with the WSN generated 

triples.  We have examined the soil moisture of the field partition using the 
SPARQL query and Reasoner Rules, which supports the near real-time 

condition of the field partitions.  

 
Figure 6: Deployed sensor on the field 

 

5 Conclusion and Future Scope 
 

In this paper, we presented the 'AgriOn' agricultural ontology concept 
along with the IoT concept of smart farming with almost real-time activities. 

It follows the best practices for the development of the ontology. To make 

the annotated data sensor lighter, we used a notation3 (n3) data format that 
takes less space than XML and JSON.  
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We used M3 ontology and M3-Lite taxonomy to express the sensor data 

unit and the quantity of kind information. The ever-changing dynamic sensor 

data recorded at the WSN gateway with sensor-related ontologies, the non-

dynamic concepts of agriculture are annotated in the cloud with AgriOn and 
other ontologies. The sensor data, along with the agricultural domain 

description, are stored on the Jena Fuseki server, where knowledge can be 

extracted from this data. Also, we have made a lot of changes in the core 
ontology to effectively link ontology to the IoT domain. FieldProcess, 

FieldPartition, CropProcess, ProductProcess, PesticideType, Virus, 

CropGrowthProblem, FertilizerType, SoilCondition are some of the terms we 
have included in the ontology. AgriOn Ontology shows the data annotation 

of the sensor (List. 1 and List. 2) for smart agriculture with lightweight IoT-

Lite ontology instead of SSN ontology. 

For validation, the sensor network was deployed at the farm, where it 
generated real-time data (Figure 6). We've made a rationale for these data for 

almost real-time event detection. AgriOn ontology is scalable as it follows 

best practice on ontology development, and created with an open-source 
protected tool, more domain-related terms can be added to ontology as 

required and improved ontology. We will focus on creating a large 

knowledge base taxonomy for agriculture so that the various agricultural 

applications can interact with each other using this knowledge base.  
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