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Abstract

Semantic ontologies have recently been considered essential in knowledge representation systems to form interactive
user-centric query systems. A well-defined semantic ontology enables the machine to process, analyse, and manage
information effectively. Therefore, it is gaining significant importance in the battlefield situations domain to offer
several services to military officials; for example, it enables military officials to deduce battlefield situations information
to drive effective decisions in a short time during tactics. This paper presents a battlefield ontology based on a 4W'H
architecture using battlefield terms to enhance the existing Army Tactical Command Information System (ATCIS) to
intelligent ATCIS. Furthermore, we used a well-known ontology editor, Protégé, to design an ontology to report
battlefield situations semantically and effectively. In addition, a use case is defined in order to reveal the effectiveness
of the designed semantic ontology based on 4W'H architecture.
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1. Introduction

Today, semantic-based ontologies have been adapted as a fundamental model for knowledge representation and
information retrieval systems. The main objective of semantic ontology-based systems is to represent knowledge about
a specific domain semantically [1]. Semantic ontology-based information retrieval systems, presented in [2-4], mainly
focus on improving data request queries to bring query results closer to user requirements. One of the main advantages
of sematic ontology is to combine the semantic model and associated domain knowledge in order to formulate optimal
data searching strategies [5]. It is also used to define the relationship between different types of knowledge
representation systems.

However, today, semantic ontologies are considered a crucial element for processing and representing military
information semantically and intelligently. Semantic ontologies-based modelling of military information allows the
machine to process and manage military information effectively and intelligently [6]. It effectively represents military
domain knowledge semantically using different annotations and axioms [7]. Therefore, it is demanded to design a
semantic ontology to represent military information semantically to enhance the existing ATCIS to intelligent ATCIS.
The intelligent ATCIS will allow for a representation of military information semantically and provide useful
information to military officials more quickly compared to existing approaches to formulate effective strategies on the
battlefield.
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This paper uses a standard protégé tool to develop a semantic ontology for representing battlefield situations
semantically based on 4W (What, Where, Who and When) and H(How) architecture using battlefield terms as domain
knowledge. Protégé is a well-known tool which is used to design semantic ontologies using domain knowledge. The
main objective of this work is to acquire, analyse and define battlefield terms based on 4W'H architecture to construct
a semantic ontology, which use to report battlefield situations to military officials quickly and effectively. Also, we
develop a use case for reporting battlefield situations based on 4W'H architecture using domain battlefield domain
knowledge. The developed semantic battlefield ontology offers the following services to military officials; report
battlefield situations to help officials to drive effective decisions quickly and effectively, enemy provocation estimation,
and counter enemy's firepower effectively.

The remaining paper is categorised as follows: section 2 discusses existing studies related to semantic- ontologies-
based information reporting systems in battlefield situations. Section 3 presents the proposed 4W'H architecture to
design an ontology, which is used to report battlefield information semantically. Section 4 presents ontology modelling
based on 4W'H architecture. Finally, section 5 concludes the proposed study.

2. Related Work

This section presents a comprehensive review of existing approaches that have utilised domain
knowledge related to the military to represent military knowledge. These approaches can be mainly
categorised into two, first, that use database schemas for making ontology-based systems and the other that
builds a systematic hierarchy to form a relationship between concepts and their corresponding rules to get
domain knowledge [8]. The former model extracts the entity-relationship model from the database and later
uses it to build an ontology for efficient representation of military information. Moreover, ontology
construction in some approaches [9] is done by extracting database structures from relational databases [10].
Furthermore, various other methods are used for designing ontology based on analysing concepts, are top-
down [11] and bottom-up approaches [12]. Other than that, there exist hybrid methods [13] and mixed
ontology building method (MOBM) [14] that enable researchers to design ontology based on combined
features of both top-down and bottom-up approaches.

Designed a military ontology based on Mixed Ontology Building Methodology (MOBM) and improved
an existing ATCIS by providing services like concept navigation, information access control, decision
support services and retrieval of information from an integrated system [15]. Another [16] study employed
a hybrid MOBM approach that first used database information to build core kernel ontology. Afterwards, it
employs a top-down and bottom-up approach for the representation of organisational knowledge efficiently
on ontology. In [17], the authors developed a military ontology by extracting vocabulary from the Intelligent
ATCIS database and then using MOBM to further efficiently represent military information.

Authors [18] proposed an ontology model which uses situation awareness to define situations on the
battlefield, which change drastically due to various factors like time and space, etc. In [19], the authors
suggested a model to assist the defence information system make decisions instantly and deployed a multi-
agent system for information sharing related to the military. Another study [20] also aimed to improve
decision-making, such as movement guide and exploration and assisting entity agents. Finally, a study
presented in [21] used a military plan ontology as a case study to demonstrate how Alloy can be applied to
check the Semantic Web (SW) ontology.

The authors conducted a study [22] to create a service-oriented architecture and a GIS tool for the
exploration of the battlefield. Additionally, a scenario-based core ontology for representations of the
battlefield is also suggested based on geospatial features, tactical data and knowledge of the military
domain. In [23], the authors provided a solution for querying information and specifying military aspects
by building a model called a military information ontology model.

To the best of our knowledge, all the mentioned existing studies aim to improve, help and support
military officials by developing ontology-based systems. However, there is always room for innovation and
improvement as no one has ever attempted to use 4W'H architecture to design a semantic ontology.
Therefore, we employed 4W'H architecture to develop a novel ontology model utilising domain knowledge
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of the military field. This model can more efficiently analyse battlefield situations than its counterpart
solutions.

3. Proposed 4W'H Architecture for Semantic Battlefield Situations Reporting

This section presents the proposed architecture for designing a semantic ontology for battlefield situation
reporting based on 4W'H architecture. The following Figure 1 presents the proposed architecture for
semantic battlefield situations reporting ontology based on the 4W'H mechanism. The proposed architecture
consists of the following steps such as a collection of battlefield terms (domain knowledge), context
awareness, acquisition of main concepts and sub-concepts using context acquisition and domain knowledge,
mapping of acquired concepts according to 4W'H architecture using HERAKLES-based reasoning
framework, and a use case example to report information of battlefield situations semantically. The
battlefield terms are required to analyse concepts extracted from battlefield situations. Therefore, it is
required to collect battlefield terms to form domain knowledge, which is used to analyse concepts acquired
from battlefield situations. This work collects battlefield terms from different sources, such as ATCIS
databases [24] and other military sources [25]. The acquired battlefield terms are preprocessed to remove
irrelevant terms and increase the domain knowledge's reliability.
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Fig. 1. Proposed architecture diagram of semantic ontology for battlefield situations reporting
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The next step is context awareness model, which is responsible for the acquisition of battlefield context
from battlefield images using domain knowledge (vocabulary). The main concepts and sub-concepts are
highlighted based on the context source and acquisition process. After the extraction of concepts, it is
required to use the context modelling process in order to map acquired concepts into 4W'H architecture.
The 4W'H architecture consists of What (Type of Force and Weapons), Where (Geographic Location
Coordinates and Reporting Place), When (Reporting and Access Time), Who (Soldiers and Tank), and How
(Activities Monitoring of Enemies).

The important step of the proposed architecture is to map acquired concepts according to 4W'H
architecture. For this, a reasoning-based HERAKLES framework [26] is utilised to model extracted concepts
according to 4W'H architecture. The following Table 1 presents battlefield concepts mapped according to
4W'H architecture.

Table 1. Battlefield Terms mapped according to 4W'H Architecture.

What Where Who When How
Weapon Tactical Operating  Military Unit Information Activity Monitoring
Spot access Time
Air Weapon Military Tactics Squad Reporting Forward Activity
Time
Ground Weapon Air Tactics Platoon Timestamp Prone Activity
Navel Weapon Naval Tactics Division Quick Right Activity
Time
Ammunition War Place Regiment Date-Time Left Activity
Group
Special Weapons Ground War Company D-day Up Activity
Type of Forces Air War Corps Backwards Activity
Air Force Sea War Battalion Down Activity
Naval Force Boundaries Brigade National Security
Ground Force Battalion Defence  Captain Radio Channel
Area
Battlefield Company defence  Major Fire Mission
Information Area
Enemy Forces Location Major General Delaying Action
Information coordinates
Friendly Forces Battle Area Lieutenant Colonel Combat Order
Information
Weather Phase Line Brigadier General Combat Plan
Win Rear Area Colonel
Sector of Fire Warrant Officer
Security Area Troops
Zone of Fire Unit of Fire
Flank Guard

4. Semantic Ontology Modeling based on 4W'H Architecture

This section presents semantic ontology modelling based on 4W'H architecture to report battlefield

situations semantically and effectively. Figure 2a presents semantic ontology developed in the Protégé tool
for reporting battlefield situations semantically. The following fig. 2b is used to represent the XML schema
of the developed semantic battlefield situations reporting ontology.
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5. Conclusions

This paper uses battlefield terms to present a semantic battlefield ontology based on 4W'H architecture.
The proposed study collected battlefield terms from ATCIS databases and other relevant sources to form a
domain knowledge. The main concepts are highlighted based on the context awareness model using
battlefield domain knowledge. The open-source HERAKLES reasoning-based framework is used to map
acquired terms into 4W'H architecture. The developed ontology is used to represent battlefield situations
semantically and effectively. Furthermore, a well-known Protégé tool is utilised as an otology editor. The
designed semantic ontology supports military officials in formulating effective strategies during battlefield
tactics to counter the enemy's firepower. A use case example is defined to demonstrate the effectiveness of
the designed semantic ontology to report battlefield situations semantically. Furthermore, this study reveals
that semantic battlefield ontology based on 4W'H architecture can enhance the traditional ATCIS to report
battlefield situations more intelligently and effectively.
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