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I. INTRODUCTION 

With the expanding use of unmanned aerial vehicles 
(UAVs) in both civilian and military domains, the need 
for research on efficient and effective deployment 
strategies for these platforms is increasing.  The variety 
of platforms and equipment available for tasking is 
incredibly complex and diverse, but no known means of 
categorization are available to command and control 
decision makers.  The following ontology provides a 
preliminary structure for these different characteristics 
associated with UAVs centered in the military domain 
while retaining extensibility into other domains. 

A brief overview of a research project in which this 
ontology could have immediate use is provided.  A brief 
review on existing technologies reveals insufficient 
ontological work on UAVs.  The specialized nature of this 
project motivates an extensive set of definitions to 
document the entities included within the ontology. 
After a brief overview of the new ontology, discussion on 
the potential application and extensions are provided. 

II. RESEARCH OVERVIEW 

[Redacted] 

III. EXISTING ONTOLOGIES 

Existing work on unmanned aerial vehicle ontologies 
appears to be extremely limited.  One limiting factor in 
the development of this ontology is the small amount of 
information regarding UAV operations in the public 
domain most likely attributed to the sensitive nature of 
their operation.  To build a comprehensive ontology, it 
is almost necessary to have a subject matter expert who 
understands the characteristics of the flight craft, the 
types of sensors, and the types of missions of which 
these platforms are deployed.  Another possible reason 
for limited ontological work is how easily specialized 

these ontologies can become, making there relevance 
for public release unnecessary. 

One existing ontology for civilian UAV missions [1] 
takes an interesting approach to identify the operating 
environment for a UAV which can be used in the early 
design stages of the platform.  The work is a very 
preliminary conference journal article and only 
establishes a simple hierarchy of civilian missions.  This 
work is relevant to our ontology because it is so limited.  
The work contained in this paper aims to include not 
only military-based UAV applications, but the 
framework to include other platforms, missions, and 
equipment.  This comes at a cost of some parsimony to 
the ontology, but ultimately does not create a 
specialized work that restricts application. 

A presentation from Alun Preece [2] provides a far 
more interesting ontology used to assign sensors to a 
series of tasks for military UAVs.  The ontology is a very 
high-level and specialized work that allows a mission 
planner to identify a series of platforms given a set of 
tasks.  This ontology closely parallels our work, but its 
specificity limits the portability beyond the military 
domain.  With this work coming from the University of 
Aberdeen, very close to the Aberdeen Proving Grounds, 
it is apparent that the author is well-versed in the 
subject.  The difficulty in fully analyzing this work is the 
availability of the ontology; it appears it only exists in 
the form of a presentation.  The scope of this project 
aims to deliver a finer granularity into the different 
types of sensors and platforms available.  At some point, 
it would prove useful to merge the mission and task 
level objects into our ontology to create a fully 
functional tool to establish mission readiness and 
allocate resources for missions. 
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IV. HIGH LEVEL FRAMEWORK 

To create an extensible framework for the ontology, 
four main classes are introduced.  The main focus of this 
research resides in the Object, Quality, and Function 
classes, which includes the UAV’s, the different types of 
sensor payloads, and the different properties of each.  
The other main class is Missions which contains Tasks to 
suggest potential extensions of the ontology.   The Task 
class can be built to include different sets of 
requirements, and the Mission would link a mission to a 
set of feasible platforms to fulfill the tasks included 
within that mission.  This section is included to define 
subject matter terms and provide a discussion of why 
they are included in the ontology. 

V. OBJECT 

The Object class contains all of the basic framework 
and information to adequately characterize a platform 
and its set of equipment.  This class contains the 
different design qualities of the objects considered, a 
series of platforms, a list of equipment available, and 
the platform’s function. 

A. Platform 

The platform includes the different types of UAVs 
and additional subclasses can be added to include 
different flight craft.  An instance of UAV has a primary 
function, usually surveillance and/or attack and support 
and a set of equipment to support that function. 
1) Unmanned Aerial Vehicle 

The scope our research and this ontology primarily 
concerns Tier II (medium altitude, long endurance) and 
Tier II+ (high altitude, long endurance) platforms using 
the US Air Force UAV tier system for classification.  
There are currently 17 active unmanned platforms used 
by the U.S. Military, including 14 fixed wing aircraft, two 
helicopters, and one VSTOL/VTOL cargo UAV show 
below. 

Active United States Military UAVs 

Aircraft Origin Role 

Fixed-wing 

MQ-1 Predator USA Air Force 

MW-1C Grey Eagle USA Army 

RQ-4 Global Hawk USA Air Force 

RQ-5 Hunter Israel Army 

RQ-7 Shadow USA Army, Marine Corps 

MQ-9 Reaper USA Air Force 

RQ-11 Raven USA Army, Marine Corps 

RQ-170 Sentinel USA Air Force 

QF-4 Phantom USA Air Force 

ScanEagle USA Navy, Marine Corps 

Switchblade USA Army, Marine Corps 

Prioria Robotics 
Maveric 

USA Army 

Puma AE USA Army, Marine Corps, 
Air Force 

Stalker USA US SOCOM 

Helicopters 

MQ-8 Fire Scout USA Marine Corps, Navy 

K-MAX USA Marine Corps 

VSTOL/VTOL 

CQ-10 Snowgoose Canada Army 
Table 1:  List all active UAVs deployed by the U.S. Military [3]  
 

Although the fixed-wing aircraft are the most 
relevant to UAV research, the helicopters and 
VSTOL/VTOL aircraft promote a wider based ontology 
that should be a better foundation for expansion at a 
later date.  There is also an overwhelming number of 
civilian and law enforcement aircraft deployed for such 
uses as monitoring forest fires, broadcasting public 
service announcements, etc. which could be easily 
integrated into the existing framework.   
2) Functional UAV 

The functional UAV class is included to attach a 
function to the platform.  Without this class, Function 
became a subclass of UAV after running the reasoner.   

B. Equipment 

When referencing UAV platforms in the military, 
their two main purposes are either surveillance or 
attack, with an additional small focus on cargo delivery.  
Certain UAVs are only capable of having sensors 
mounted to them, making them useful for surveillance 
missions.  Other UAVs can have both a missile system 
and sensor equipment making them applicable in both 
attack and surveillance missions.  Cargo delivery UAVs 
are fairly unique in the sense that they are generally 
only equipped with the cargo bays to load/unload 
material or carry additional fuel and a set of electronics 
to guide the vehicle. 

Any modern vehicle this day is also equipped with a 
series of communication and navigation devices as well.  
The military almost exclusively uses radio 
communication between a UAV and the ground control 
station or satellite.  Other technologies such as infrared 
were previously used, but their inefficiency and ability 
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to be intercepted essentially made it obsolete for 
modern warfare.   
1) Communication Device 

The three main methods for communication of an 
aircraft are: 

 Radio 

 Fiber Optics 

 Laser 
Radio is almost exclusively used and is the only 

communication device researched in the ontology.  
Fiber optics may be used on a tethered platform, but 
this is not employed by the military, and laser 
technology is nearly obsolete.  These other 
communication types are included in the event the 
ontology is expanded into the civilian domain. 
2) Dispensable Equipment 

Most military platforms are most notable for their 
dispensable payloads.  The three main types of 
dispensable equipment on unmanned platforms are: 

 Fire Suppressant  

 Kinetic Weapon 

 Pesticide 
The platforms in this ontology only consider kinetic 

weapons such as a missile as potential dispensable 
equipment, but the pesticide and fire suppressant are 
commonly used in the civilian domain. 
3) Navigation Device 

Since the platforms considered are unmanned, it is 
necessary for them to have navigation equipment.  The 
types of navigation devices included are: 

 Inertial Navigation 

 LORAN C 

 NAVSTAR GPS 

 Radio Tracking 

 TACAN 

 Way-Point Navigation 
These six equipment types should be an exhaustive 

list of all types of technology used by military platforms 
for navigation. 
4) Non-Dispensable Equipment 

Non-dispensable equipment includes equipment on 
by a platform that can be continually reused.  Common 
non-dispensable equipment includes: 

 Public Address System 

 Radar Confusion 

 Sensor 

 Storage 

The main focus is on the sensor equipment in this 
ontology, but the other equipment is included for 
potential expansion opportunities in the future. 

VI. FUNCTION 

The function of the UAV is governed primarily by its 
flight capabilities and equipment compatibility.  All 
UAVs capable of attack are considerably more agile than 
a reconnaissance platform, thus giving it the label 
“High-speed attack.”  A platform without strike 
capabilities can be labeled as either “High-altitude 
reconnaissance” or “Low-altitude reconnaissance” 
depending on the platforms operating altitude.   

It is noted that the use of the word surveillance 
versus reconnaissance may have different meanings 
depending on the context they are used.  The word 
reconnaissance is used describe the process of 
monitoring an area beyond blue force control in effort 
to acquire static information.  Surveillance is a term 
used to describe the process of continually monitoring 
an area or subject where the information is dynamically 
changing.  For the sake of simplicity, it is assumed that 
these words are interchangeable for the sake of the 
ontology, but further work may require them to be 
separated. 

VII. QUALITY 

Within the ontology there is a notion of both a 
design quality and the effective quality.  The design 
quality represents the actual design specification of the 
platform.  The effective quality represents the actual 
platform performance of an instance.  It was initially 
intended for only one set of quality to be contained in 
the ontology, but adding both added an extra level of 
detail to the framework and ultimately gives a decision 
maker more information. 

A. Design Quality 

This class contains the different qualities that define 
the capabilities of a UAV and its equipment to 
determine its mission readiness.  To get a 
comprehensive understanding of a UAV’s capabilities, 
classes for platform, sensor, and communication device 
qualities are included.  
1) Designed Platform Quality 

The qualities of a platform identify the capabilities of 
an individual platform in its performance, deployment 
environment, and compatible equipment.  The list of 
qualities included in this ontology is not exhaustive but 
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characterize some of the necessary components 
relevant to a decision maker. 

a) Endurance 

This represents the expected maximum flight time 
for the UAV in a normal operating environment. This 
value would ideally be a function of the platform’s 
payload, operating altitude, and the platform itself.   

b) Flight Envelope 

The flight envelope characterizes the 
maneuverability of the platform.  Additional work in this 
quality needs to be conducted by someone with a 
greater understanding of flight dynamics. 

c) Flight Range 

The flight range is responsible for identifying the 
minimum and maximum range at which a platform can 
travel.  The minimum range would be the distance the 
platform is able to travel with a full payload.  

d) Fuel Capacity 

Each platform has a maximum amount of fuel it can 
hold, indicated by the fuel capacity field. 

e) Equipment Mount Location 

Platforms have different locations to accept 
equipment.  The different locations considered are: 

 Belly Mount 

 Custom Mount 

 Nose Mount 

 Wing Mount 
Wing, belly, and nose mount should account for all 

normal mount locations but the custom mount allows 
for special cases. 

f) Operating Height 

The operating height identifies the minimum and 
maximum altitude the platform flies at during normal 
flight operations.   

g) Payload Capacity 

This establishes the maximum amount of additional 
equipment a platform can carry.  The number and type 
of missiles, sensors, and cargo a platform can carry is 
limited by the payload capacity. 

h) Signatures 

Each platform has a unique signature which 
identifies its ability to perform certain missions.  The 
current characteristics that make up a signature are: 

 Infrared 

 Noise 

 Optical 

 Radar 
This is most important in stealth missions where a 

relatively small signature is desired.  In civilian 
operations, the signature of a platform is important as it 
is usually advisable for the aircraft to be noticeable. 

i) Stealth Operating Height 

A stealth operating height is the minimum operating 
altitude for the platform to be considered stealth.  This 
is generally considered a function of the platform’s 
signature, and this height is often predetermined as 
part of the platform specifications. 

j) Takeoff/Landing Procedure 

Platforms may have specific requirements for a 
mission, and one limiting factor may be how they are 
deployed and recovered.  The takeoff/landing 
procedure is the simplest way to identify what 
resources are required to get the platform in the air and 
then later return the asset to base.  Eight main 
takeoff/landing procedures included in the ontology are 
outlined below[4]: 

 VTOL (Vertical Take-Off and Landing) 

 HTOL (Horizontal Take-Off and Landing) 

 STOL (Short Take-Off and Landing) 

 CTOL (Conventional Take-Off and Landing) 

 STOBAR (Short Take-Off But Arrested Recovery) 

 STOVL (Short Take-Off and Vertical Landing) 

 CATOBAR (Catapult-Assisted Take-Off but with 
Arrested Recovery) 

 PTOL (Point Take-Off and Landing) 
This is not an exhaustive list of all aircraft takeoff and 

landing capabilities, but should include most if not all 
technologies employed by UAVs in the military domain.  
This list can easily be expanded if the scope of the 
ontology is widened. 

k) Velocity 

Two velocities are considered in this platform 
quality:  the standard cruising velocity and the 
maximum safe operating velocity for the platform.  In 
many cases in the military domain, these two values are 
the same. 
2) Radio Quality 

The radio serves as the main source of 
communication between the platform and the ground 
control station and/or the communication satellite. 

a) Band Name 

The band name identifies the frequency at which the 
radio transmits its location, status, and sensor data.  
This frequency correlates to a certain range and 
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bandwidth at which the radio can transmit.  The 
following frequencies included in the ontology are 
shown in Table 2. 

 

Radio Frequency Spectra 

Band Name Abbr. Frequency Wave Length 

Extremely 
Low 

ELF 3-30Hz 100,000km-
10,000km 

Super Low SLF 30-300Hz 1000-1000km 

Ultra Low ULF 300-3000Hz 1000-100km 

Very Low VLF 3-30kHz 100-10km 

Low LF 30-300kHz 10km-1km 

Medium MF 300-3000kHz 1km-100m 

High HF 3-30MHz 100m-10m 

Very High VHF 30-300MHz 10m-1m 

Ultra High UHF 300-
3000MHz 

1m-100m 

Super High SHF 3-30GHz 100-10mm 

Extremely 
High 

EHF 30-300GHz 10mm-1m, 

Table 2:  The discretized radio frequency spectra [4] 
 

These frequencies range from submarine 
communications (extremely low) to astronomy 
(extremely high.) 
3) Sensor Quality 

The sensor quality captures the different aspects and 
qualities with respect to sensors.  Since the immediate 
use for this ontology concerns sensors and platforms, 
time was primarily invested in sensor quality rather 
than building other types of equipment properties. 

a) Range of Vision 

The range of vision establishes an effective range at 
which the sensor is used.  The depth quality establishes 
the furthest point from the sensor that can be viewed.  
The field quality identifies the width and height that can 
be viewed at range. 

b) Mode 

Each sensor may have the ability to take on different 
modes for data collection.  The three different sensor 
modes considered are: 

 Image Processing 

 IR Processing 

 Video Processing 
A sensor capable of video processing can be assumed 

to also possess the ability to process images.  Although 
live video streams are almost always more desired than 

an image, sensor modes may be switched to conserve 
bandwidth. 

c) Horizontal Rotation 

For dynamic sensors, the horizontal rotation 
indicates the degree of motion that this sensor is 
capable of.   

d) Lens Zoom 

If the sensor is capable of video or image processing, 
this quality identifies what zoom is available. 

e) Mount Placement 

The mount placement identifies the compatible 
mounting locations of the sensor, either on the belly, 
nose, or custom location on the platform. 

f) Vertical Rotation 

For dynamic sensors, the vertical rotation indicates 
the degree of motion that this sensor is capable of.   

g) Weight 

The weight of a sensor configuration must be 
considered to ensure a platform’s payload capacity is 
not exceeded. 

B. Effective Quality 

Effective quality refers to the specific qualities 
unique to an individual instance.  This enables qualities 
to vary with respect to their intended design quality. 

a) Effective Platform Quality 

Only certain attributes of effective platform quality 
were assumed to vary throughout the life of a platforms 
deployment.  For the sake of brevity, the list of effective 
platform qualities is: 

 Effective Endurance 

 Effective Flight Envelope 

 Effective Flight Range 

 Effective Operating Height 

 Effective Payload Capacity 

 Effective Signature 

 Effective Velocity 
Take for example a new automobile.  Straight from 

the factory line, it very closely matches design 
specifications (or qualities.)  As this vehicle gets older 
and is continually used, it is inevitable to see a change in 
things like fuel efficiency and performance.  It is 
assumed that the same thing happens with the 
platforms in this ontology.  It is possible a mission 
planner may only be concerned with only the effective 
performance of a platform, while a fleet manager would 
be interested the effective versus designed quality 
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when considering a maintenance schedule.  Since the 
ontology would only be updated in discrete time 
intervals, having both an effective and design platform 
quality only increases the robustness of the ontology. 

VIII. ONTOLOGY OVERVIEW 

A. Basic Formal Ontology (BFO) 

BFO is an upper level ontology developed by Barry 
Smith and Pierre Grenon in 2002 [5]. The purpose of 
BFO was to develop an overhanging ontology that could 
be applied to different domains. 

BFO was used to develop the ontology in this 
research. Each of the three main classes fall under the 
main category of continuants. Each of the classes 
created (Object, Function, Quality) are defined in BFO, 
and used in the same way. Despite not being a main 
focus in the research, process is also defined in the main 
classes of BFO. 

B. True-Path Rule 

The true-path rule was used to verify the correct 
placement of classes in the ontology. The true-path rule 
states that each class must be a subclass of each class 
above it. For example, STOL is a Takeoff/Landing 
procedure, but also a Designed Platform Quality, a 
Design Quality, and a Quality. Each class in this ontology 
will follow this rule. 

C. Object Properties 

Properties were developed to generate the 
relationships between classes. 

a) Has_equpiment 

This property has a domain of Platforms and a Range 
of Equipment. This is used to define the relationship 
between Platforms and Equipment; if the platform has 
the equipment, then this relationship is used. 

b) has_function 

This property is used to define the function of the 
Platform. This relationship is inferred by using different 
rules. If a platform meets certain equipment and quality 
requirements, then the platform will use this property 
to define its function.  

c) has_mode 

This property has a domain of sensors and range of 
modes. It is used to link each sensor to the possible 
modes that the sensor has. 

d) has_quality 

Has a domain of platform and range of effective 
quality. This property is used to link each measured 
quality of the platform to the platform itself. 

e) has_task 

If a mission has a specified task, then this property is 
used. It has a domain of mission, and a range of task. 

f) prescribes 

Has a domain of platform and range of design 
qualities. This is different from has_quality by the 
difference in qualities. This defines the qualities that are 
constant. 

D. Ontology Rules 

Rules were developed to create the relationships 
between classes. Basic rules, such as disjoint rules, were 
created, but are not discussed in this paper. Two main 
types of rules were created: Logic Rules and 
Relationship Rules. 

a) Logic Rules 

Logic rules were generated to infer certain 
relationships between classes. These rules were added 
to infer the relationship of has_function, which apply to 
the Functional UAVs. If a UAV meets certain quality and 
equipment requirements, then the UAV will also be a 
type of Functional UAV. This will require it to have the 
relationship has_function some Function. For example, 
if the UAV has_equipment Missile, then the UAV will 
also be a High Speed Attack UAV. This relationship will 
then require this UAV has_function High Speed Attack. 

b) Relationship Rules 

Relationship rules were developed to require certain 
classes to have certain relationships. For this ontology, 
these rules are mostly existential, requiring the class to 
have certain relationships. Some of these rules are: 

 Platform prescribes some Design Quality 

 Platform has_quality some Effective Quality 

 Platform has_equipment exactly 1 
Navigation Device 

 Platform has_equipment exactly 1 
Communication Device 

 Platform has_equipment some (Dispensable 
or Non-Dispensable) 

With these rules, the relationships for platforms are 
able to be described.  
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IX. APPLICATIONS AND EXTENSIONS 

As overviewed in Section II, the ontology will be a 
very useful starting point to become useful in multiple 
contexts.  The ontology was also built in a manner that 
facilitates the easy addition of new platforms and 
equipment which will allow for easy expansion. 

A. Applications in UAV Projects 

Although “missions” are not included in-depth in the 
existing ontology, addition of these processes will allow 
a user to select a mission type and identify the optimal 
platforms to fulfill that mission.  Some of these missions 
will require reconnaissance and/or strike capabilities, 
and the ontology will identify the platform with its 
compatible equipment. 

The routing component is the next step in the 
architecture, which identifies the path the platform 
should take.  These algorithms require the platform 
qualities as an input to determine the flight capabilities 
of the aircraft.  The most relevant fields involve flight 
time, fuel capacity, velocity, and operating height to 
estimate feasible routes. 

From the routing component, the next step is sensor 
tasking.  Given the generated route, a new set of 
algorithms are used to determine the best location to 
point the sensors.  There is a notion of “sensor 
effectiveness,” which indicates the percentage 
information collected at each time step by the sensor.  
In this stage, it is important to know the capabilities of 
the sensor to ensure efficient tasking. 

The last stage of [Redacted] involves transmitting the 
data back to the ground control station, commonly 
referred to as bandwidth optimization.  By knowing 
what frequency the radio is transmitting and what the 
effective line of sight is, the bandwidth optimization 
component can prioritize data transmission and 
determine the best times to transmit.  All of these 
parameters are included in the ontology which makes it 
a very useful tool in establishing mission readiness. 

B. Extensions and Improvements 

The ontology is still not mature enough for full 
implementation beyond the scope of what it was 
initially intended to support.  Additional qualities need 
to be added for the sensors, platforms, and other 
equipment to adequately characterize their function 
and build properties.  With some minor refinement 
through project discussions, this ontology should 
adequately represent the needs of our research, but 

additional work may be required to meet the needs of 
others. 

This work can easily be expanded to include civilian 
platforms used in a multitude of other purposes.  New 
missions can be added to include pollution 
measurement, radioactive fallout tracking, or forest fire 
identification.  By adding the new set of platforms and 
equipment, the ontology is readily expanded beyond 
the scope of the military domain.   

This ontology will continually be updated and 
supported throughout the upcoming months through 
implementation.  The main thrust in updates will 
involve generating a set of missions for the project to 
select the proper platforms and equipment.  This 
becomes a very specialized work, but it does not affect 
the structure of the ontology since other missions can 
easily be built alongside the missions used in 
[Redacted].  The sensor-task matching ontology [2] will 
be a useful starting point in identifying useful tasks and 
missions and establish a baseline hierarchy. 

X. CONCLUSIONS 

The appeal of this new ontology is that it provides an 
extensible framework for military aircraft and 
unmanned aerial vehicles.  This simple tool can be used 
to quickly outfit and task platforms to make them 
optimally effective on their missions.  As new platforms 
or equipment become available, they can be simply 
introduced to the ontology with minimal impact to the 
structure. 

Future work will involve refinement of the ontology 
and the inclusion of detailed tasks for different 
missions.  This will enable a mission planner to have 
actionable intelligence regarding the resources available 
which will ultimately result in greater situational 
awareness.   Public release of this ontology may also 
present a foundation for improvement and inclusion of 
new platforms and applications. 
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