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This study examines the selection and strategy for utilizing Unmanned Aerial Vehicles (UAVs) to in-
crease the effectiveness of the operational tasks of the Republic of Indonesia Warship frigate Class in
the North Natuna Sea, a strategic area facing complex maritime security dynamics and territorial dis-
putes. Using a descriptive qualitative approach combined with the Analytical Hierarchy Process (AHP)
method, this study evaluates various UAV alternatives based on relevant technical and operational cri-
teria, such as endurance, range, operational capability, and compatibility with ship systems. The results
of the analysis show that based on the results of the priority matrix analysis in the AHP process, the
most suitable UAV to support the operations of the Frigate Class Warship in terms of capability and
cost aspects is UAV II. Furthermore, SWOT analysis is used to formulate a strategy for utilizing UAVs,
resulting in six strategies, namely: 1) Implementation of cost-effective UAV II for continuous ISR; 2)
Mapping of disputed zones or areas in the North Natuna Sea with the help of UAV II; 3) Integrating
UAV II with CMS for ASW; 4) Automating SAR/CBRN responses; 5) Integrating drones for real-time
threat analysis in the North Natuna Sea; 6) Improving coordination between Fleet Command I, War-
ships and UAV II through Big Data analysis and data integration with other stakeholders. Theoretically,
this study enriches the literature on multi-criteria decision-making in the context of maritime security
and UAV technology and provides an evaluation model that can be adapted to various maritime military
operations. Practically, this study provides a significant contribution to the development of Indonesia’s
maritime defense posture, especially in facing security challenges in the North Natuna Sea, and offers
applicable recommendations for optimizing UAV technology in supporting the operations of the Frigate
Class Warship.

1. Introduction.

North Natuna Sea is the most strategic area due to the high en-
vironmental dynamics in these waters (Mustofa, 2022). This

Indonesia as an archipelagic country that has sovereignty
over the region must continue to strive to improve security at
the jurisdictional boundaries to overcome existing threats. The
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strategic sea location makes it a focal point for regional se-
curity dynamics, especially considering the overlapping terri-
torial claims by various countries (Hadiwijaya, 2022). In re-
cent years, tensions have increased in the North Natuna Sea
due to overlapping territorial claims and resource exploration
activities. Such disputes have led to occasional confrontations
between Indonesian authorities and Chinese fishing vessels or
coast guard vessels operating in these disputed waters (Suwarno
et al., 2021). The North Natuna Sea has very important ecolog-
ical and economic significance, as it supports marine ecosys-
tems such as coral reefs, mangrove forests, and seagrass beds
that are habitats for various species of economic value for local
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fisheries, but these ecosystems are threatened by overfishing, il-
legal practices, pollution, and the impacts of climate change so
that the government and international organizations are trying
to encourage sustainable management; On the other side, the
huge potential of hydrocarbon resources beneath its seabed at-
tracts the interest of multinational energy companies and plays
an important role in meeting regional energy needs and the na-
tional economy, although its exploration often faces geopoliti-
cal and environmental challenges that require careful negotia-
tion between stakeholders.

Figure 1: North Natuna Sea Map.
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Source: Muhaimin (2018).

To improve Maritime Domain Awareness (MDA) and pro-
tect the sovereignty of the territory of the Republic of Indonesia,
the Indonesian Navy is expected to develop a posture capable
of implementing control (Mustofa, 2022). The Republic of In-
donesia Warship (KRI) as part of the Integrated Fleet Weapons
System (SSAT) has a central role in maintaining sovereignty in
the waters of national jurisdiction (Gindarsah & Priamarizki,
2021). However, there are still violations of the law, especially
in the North Natuna Sea, indicating that the implementation of
operations carried out by warships, especially the Frigate Class
Warship, is still not optimal.

To increase the effectiveness of these operations, the use of
cutting-edge technology is very important. One innovation that
has great potential for adoption is the Unmanned Aerial Ve-
hicle (UAV). The development of UAV technology has under-
gone significant transformations since the early 20th century,
starting from military use in World War I with early models
such as the Kettering Bug which functioned as an automatic
flying bomb. After World War II, rapid progress occurred dur-
ing the Cold War, when the United States and the Soviet Union
developed advanced UAVs for surveillance and reconnaissance
without risk to pilots, such as the Ryan Firebee which could be
remotely controlled and reused. These developments laid the
foundation for modern UAV applications by increasing reliabil-
ity and operational range (Utama & Anwar, 2021). Late 20th
century The civil sector began exploring UAVs for tasks such
as agricultural monitoring, environmental research, and infras-
tructure inspection (Barros et al., 2024).

Table 1: UAV categories are defined by UVS International.

Name Category Mass [Kg] | Range [Kg] | Flight altitude {m] | Endurance [hours]
Micro <5 <10 <250 1
Mini <25/30/150 <10 150/250/300 <2
Close Range 25-150 10-30 3000 24
Medium Rage 50-250 30-70 3000 36
High Alt Long Endurance >250 >70 >3000 >6

Source: Baros et al (2024).

The use of Unmanned Aerial Vehicles (UAVs) as support-
ing elements in the operations of the Frigate Class Warship is a
strategic response to technological advances, especially in deal-
ing with violations of the law in the North Natuna Sea area.
The strategic use of UAVs increases the situational awareness
of naval vessels, providing real-time data that is very important
for the decision-making process (Norcia et al., 2023). UAVs
have the advantage of expanding the scope of monitoring, pro-
viding real-time data, and increasing the effectiveness of mar-
itime operations without posing a risk to the safety of the crew.
However, the implementation of UAVs in the Indonesian Navy
environment still faces obstacles, especially related to limited
range and endurance. Currently, the Frigate Class Warship is
not equipped with a UAV that can optimize the effectiveness of
operational patterns.

The limited effectiveness of the Frigate Class Warship op-
erations in maintaining territorial sovereignty, especially due
to the less than optimal utilization of cutting-edge technology
such as UAVs, is a major concern that must be addressed im-
mediately so that Indonesia can improve its Maritime Domain
Awareness (MDA) and respond quickly to various maritime
threats. The urgency of this research lies in the need to for-
mulate a strategy for selecting and utilizing the right UAV, so
that the Indonesian Navy can obtain real-time data, expand the
scope of surveillance, and increase the effectiveness of opera-
tional decision-making without increasing the risk to the safety
of the ship’s crew. Therefore, this research is very important
and urgent to be carried out considering the high complexity
and dynamics of security threats in the North Natuna Sea, which
is a strategic area with territorial disputes, large natural resource
potential, and the intensity of law violations that are still high.

This study aims to provide an analysis of the selection and
strategy of utilizing Unmanned Aerial Vehicles (UAV) to im-
prove the capability of carrying out the operational tasks of
Frigate Class Warship in the North Natuna Sea. This study
is supported by the approach of maritime security theory and
decision-making theory, the Analytical Hierarchy Process (AHP)
method, and the SWOT (Strengths, Weaknesses, Opportunities,
Threats) analysis method, with a literature study approach and
qualitative descriptive statistics. This study is expected to con-
tribute to increasing the effectiveness of maritime surveillance
and rapid response to security threats, by providing real-time
data and broader monitoring capabilities on the utilization of
UAVs in Frigate Class Warship operations in the North Natuna
Sea. This approach is expected to be able to produce com-
prehensive and applicable recommendations for the Indonesian
Navy in maximizing the utilization of UAVs to support Frigate
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Class Warship operations in the North Natuna Sea.

This study provides theoretical contributions through the
development of an integrative model that synergizes the Mar-
itime Security Framework with the Multi-Criteria Decision Mak-
ing (MCDM) approach based on the Analytical Hierarchy Pro-
cess (AHP), especially by formulating 4 main UAV criteria clus-
ters (technical, operational, geostrategic, and economic). Prac-
tically, this study provides concrete and applicable recommen-
dations for the Indonesian Navy in optimizing the use of UAVs
as a supporter of Frigate Class Warship operations to face geopo-
litical, environmental, and security challenges in the Indonesian
maritime border area, especially in the North Natuna Sea.

2. Literature Review.

2.1. Maritime Security Theory.

Maritime security is one of the current buzzwords in inter-
national relations. Key actors in maritime policy, maritime gov-
ernance, and international security have in the last decade be-
gun to include maritime security in their mandates or reframe
their work in such terms (Bueger, 2015). There are various def-
initions of maritime security, the form of which depends on the
specific perspective taken. As an element of the broader con-
cept of global security, maritime security has traditionally been
associated with a state’s military interests. Modern piracy, ter-
rorism, fishing crimes, and maritime migrant smuggling are just
some of the maritime insecurities that have made headlines over
the last decade (Chapsos, 2016).

Maritime security encompasses a range of threats such as
interstate disputes, terrorism, piracy, illegal trade, illegal fish-
ing, environmental crimes, and maritime accidents and disas-
ters. Traditional definitions that emphasize the absence of these
threats have been criticized for under-prioritizing issues, ignor-
ing the interrelationships between threats, and not explaining
how to address them, leading to confusion about which threats
should be prioritized (Bueger, 2015). In this context, maritime
security has evolved from a primary focus on the security of
transportation—such as shipping, ports, and sea lanes—to be-
come an important part of international security and geopoli-
tics, given that human interaction with the sea has long involved
activities such as fishing and trade (Amirell, 2016).

Maritime Security connects various related concepts and
can replace some of them by studying the meanings that actors
hold through the relationships of these concepts, which can be
visualized in a matrix such as the one in Figure 2. This matrix
allows the analysis of the types of relationships that are built
between maritime security and other concepts by various actors
and identifies what is included or excluded in their understand-
ing of maritime security.

2.2. Multi-Criteria Decision Making.

Multi-criteria Decision Making (MCDM) is a branch of op-
erations research that deals with decision-making problems in-
volving multiple criteria. This theory is important in situations
where decisions are complex and involve conflicting objectives.
MCDM provides a framework for evaluating, prioritizing, and

Figure 2: Maritime security matrix.
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choosing among alternatives based on multiple criteria. This
theory has been widely applied in fields such as economics,
engineering, environmental management, and public policy. It
helps decision-makers make informed choices by considering
all relevant factors and their consequences (Massam, 1988).
The foundation of MCDM lies in the recognition that real-world
decision-making often involves multiple conflicting objectives
that cannot be easily reduced to a single criterion. MCDM pro-
vides a methodology for systematically evaluating these conse-
quences and arriving at the most satisfactory decision. One of
the key components of MCDM is the formulation of the deci-
sion problem. This involves identifying the objectives or cri-
teria that are important to the decision-maker and organizing
them into a coherent framework. The criteria may be quantita-
tive or qualitative and may have varying degrees of importance
or weight assigned to them. This process also involves identify-
ing feasible alternatives that need to be evaluated against these
criteria (Momeni et al., 2021).

Several methods have been developed in MCDM to aid in
the decision-making process. Some popular techniques include
Analytic Hierarchy Process (AHP), Technique for Order Pref-
erence by Similarity to Ideal Solution (TOPSIS), ELECTRE
(Elimination Et Choice Translating Reality), and PROMETHEE
(Preference Ranking Organization Method for Enrichment Eval-
uations). Each method has its strengths and weaknesses de-
pending on the nature of the decision problem and the prefer-
ences of the decision maker (Li et al., 2023). Analytic Hier-
archy Process (AHP) is one of the most widely used MCDM
methods due to its simplicity and effectiveness in handling both
qualitative and quantitative data. AHP involves decomposing a
complex decision problem into a hierarchy of simpler subprob-
lems, which can then be analyzed independently. Decision-
makers use pairwise comparisons to assign priorities among
criteria and alternatives, resulting in rankings that reflect their
overall preferences (Khan et al., 2021).

3. Method.

This study uses a qualitative descriptive statistical approach
to gain a deeper understanding of the opinions and experiences
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of experts on the vulnerability of security strategies to threats b. Pairwise comparison. Pairwise comparison is done to
and to produce a more informative and applicable analysis (Pu- give relative weight between criteria and/or alternatives,
tra et al., 2023). In this study, the Analytical Hierarchy Process so that the priority of the criteria and/or alternatives will
(AHP) method is used to help determine the best choice of Un- be obtained. There are three approaches to ordering alter-
manned Aerial Vehicle (UAV) that will support the operations natives or criteria, namely relative, absolute, and bench-
of the Frigate Class Warship in the North Natuna Sea by com- marking. The approach is used for critical general crite-
paring various UAV alternatives based on several relevant crite- ria. The absolute approach is used at the lower level of
ria systematically and measurably, while the SWOT method is the hierarchy where there is usually detailed information
used to formulate a strategy for utilizing selected UAVs through that can be quantified from each criterion. In the bench-
an analysis of strengths, weaknesses, opportunities, and threats, mark approach, alternatives are compared with known
so that the implementation of UAVs can run optimally and by reference alternatives, and then the alternatives are or-
the internal and external conditions faced by the Frigate Class dered according to the results of the comparison.
Warship. c. Conditions for sensitivity of eigenvectors The sensitivity
of eigenvectors to changes in the criterion limits the num-
3.1. Analytical Hierarchy Process (AHP). ber of elements in each comparison set. This requires ho-

mogeneity of the elements involved. The change must
be by selecting a small element as a unit and asking how
much it affects the larger elements.

Analytical Hierarchy Process (AHP) describes complex mul-
tifactor or multi-criteria problems into a hierarchy, according
to Saaty hierarchy is defined as a representation of a complex
problem in a multi-level structure, where the first level is the
objective, followed by the level of factors, criteria, sub-criteria
and so on down to the last level of alternatives with a hierar-
chy a complex problem can be described in groups which are
then arranged into a hierarchy as the problem will appear more
systematically structured (Improta et al., 2018).

One of the main advantages of AHP that distinguishes it
from other decision-making models is that there is no absolute

A

Homogeneity and clustering. Clustering is used when the
differences between elements are more than one degree,
to gradually widen the fundamental scale, eventually en-
larging the scale from 1 to 9 to infinity. This is especially
true for relative measurements.

e. Synthesis. Synthesis is applied to the ratio scale to create
a unidimensional scale to represent the overall outcome,
using additional weighting.

consistency requirement. So that the existing problems can be f. Maintaining and reversing the order of weighting and rank-
felt and observed, but the completeness of the numerical data ing in the hierarchy is influenced by the addition or change
does not support modeling the problem quantitatively. In deter- of criteria or alternatives. Often there is a phenomenon of
mining the weight of each criterion in AHP can be described as rank reversal, especially in relative measurements. Rank
follows (Rahmawati et al., 2019): reversal is intrinsic to decision making as is the condition
of maintaining the order.
Figure 3: Hierarchy Diagram in AHP. g. Group considerations. Group considerations must be in-
tegrated carefully and mathematically. With AHP, it is
Level 1: Overall Objective possible to consider the experience, knowledge & strengths
of the individuals involved.

Level 2: CnV_ / \\\ ) Humans can instinctively estimate simple quantities through
| Crieta | I Crirerin ] m thel.r senses. For this reason, quapntanve scaloeS of 1to 9 are es-
= tablished to assess the comparative level of importance of one

/ element to another.

The steps of the AHP method include:

Level 3: Altern st'n.res\ m /

Altemative; | Altemnative; | | Altemative;

a. Create a pairwise comparison matrix.

Source: Saaty (1990).

[ 1 an -+ a
1
Seven pillars that are used and must be considered in AHP P 1 - ay
modeling (Saaty & Vargas, 2013), such as: 12
A=ajm=
a. Ratio scale is a comparison of two values (a/b) where the
values a and b are of the same type (unit). Ratio scale is a 1 L o
set of ratios that are consistent in the same transformation Lay, ay,
(multiplication by a positive constant). A set of values ) L
im=1,2, ... , n = related criteria index.

(in the same units) can be standardized by normalizing
so that units are no longer needed and the objects can be b. Create a criteria value matrix.
more easily distinguished from each other. c. Create a Summation Matrix for Each Row.
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d. Consistency Index (CI) and Consistency Ratio (CR) as-
sessment.
cp = A
n

CI
CR=—

RI
N = Number of Elements,

RI = Random Consistency Index.

If the CR ratio is 0.1 (i.e. 10%), the matrix is said to be con-
sistent and the decision W is accepted. On the contrary, a CR
greater than that implies too many contradictions in the matrix.
Anticipation for the latter situation is to review the matrix, and
then revise the weights assigned by the vectors.

Table 2: Random Consistency Index Value.

12 3 4 5 6 7 8 9 10

0/0|058|09| 112|124 | 132|141 | L45]| L49

Source: Saaty (1990).

3.2. SWOT (Strength, Weakness, Opportunity, Threat).

SWOT analysis is a strategic planning tool used to identify
and evaluate internal and external factors that can affect an orga-
nization’s ability to achieve its goals (Gurl, 2017). This method
is widely used in business strategy formulation, marketing, and
project management. The acronym SWOT stands for Strengths,
Weaknesses, Opportunities, and Threats. Each component of
the SWOT framework provides a unique perspective on an or-
ganization’s environment and helps in developing strategies that
leverage strengths, mitigate weaknesses, exploit opportunities,
and defend against threats.

The four main aspects of SWOT analysis (Susilo et al., 2019),
include:

a. Strength Refers to the internal attributes or resources an

organization possesses that gives it a competitive advan-
tage over others. These can include tangible assets such
as proprietary technology, a strong brand reputation, a
skilled workforce, or financial resources.
Intangible strengths may involve the organization’s cul-
ture or leadership qualities. Identifying strengths is im-
portant because they form the foundation on which strat-
egy is built. By understanding what an organization does
well, it can focus its efforts on areas that have the greatest
potential for success.

b. Weakness. These are internal factors that can hinder the
organization’s performance or limit its ability to achieve
its goals. These could be outdated technology, lack of
expertise in a particular area, poor location, or inefficient
processes. Recognizing weaknesses is critical for organi-
zations to proactively address them before they become
significant problems. By recognizing these limitations,
organizations can develop strategies to improve or offset
their weaknesses.

c. Opportunity is an external factor that an organization can
exploit to its advantage. This can arise from market trends,
technological advances, changes in consumer preferences,
or regulatory shifts. Opportunities provide a path for
growth and expansion if identified and pursued effectively.
Organizations must remain vigilant to recognize emerg-
ing opportunities early so they can act quickly to capital-
ize on them before competitors do.

d. Threats. Represent external challenges that could nega-
tively impact an organization’s performance or survival.
These may include economic downturns, increased com-
petition, regulatory changes, or disruptive technologies.
Understanding threats is critical to risk management and
strategic planning because it allows an organization to de-
velop contingency plans and defensive strategies to pro-
tect itself from potential adverse impacts.

Integrating these four components into a cohesive analysis
allows organizations to gain a comprehensive understanding of
their strategic position within their industry or market environ-
ment. By systematically evaluating each element of a SWOT
analysis, strengths and weaknesses are internal factors while
opportunities and threats are external factors, organizations can
develop appropriate strategies that align with their capabilities
while effectively navigating external conditions (Uztiirk & Bii-
yiikbzkan, 2023).

SWOT analysis serves as a versatile tool that can be ap-
plied in a variety of sectors beyond business including health-
care management, educational planning, and non-profit strat-
egy development among others due to its simplicity yet the
deep insights it offers into the strategic decision-making pro-
cess across a variety of contexts. By using SWOT analysis reg-
ularly throughout the strategic planning cycle; organizations not
only increase their awareness of current realities but also better
prepare themselves for future uncertainties thereby fostering re-
silience and adaptability amidst a changing environment (Susilo
et al., 2020).

Table 3: SWOT Matrix.

Internal/External Strength (S) Weakness (W)
Factors (Maximum) (Minimum)
.. SO Strate, SO Strate
Opp ortupnttes (©) (IvIaximmi}-I (Maxjmurgrz
(Maximum) Maximum) Maximum)
) ST Strategy WT Strategy
th e.at (T)) (Maximum- (Minimum-
(Minimum Minimum) Minimum)

Source: Susilo et al. (2019).

4. Results.

The analysis stage begins with the identification of criteria
for determining the selection of UAVs obtained from literature
studies and Small Group Discussions (SGD). Second, the UAV
selection process uses the AHP method supported by a priority
matrix from the aspects of Ability and Cost. Third, the planning
of the UAV utilization strategy on Frigate Class Warship with a
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SWOT analysis that begins with an analysis of internal factors
(strengths and weaknesses) and external factors (opportunities
and threats/constraints). The SWOT analysis is also supported
by factor weighting from the AHP method, then determining
the strategy used in utilizing UAVs using the QSPM Matrix,
to identify quadrants in the strategy. All stages are carried out
using a qualitative descriptive statistical analysis method ap-
proach.

4.1. Research Object.

4.1.1. Frigate Class Warship.

Frigate Class Warship is one type of frigate that has an av-
erage role and capability like other combat ships. The advan-
tage of this type is that the procurement cost is relatively cheap.
This type of ship is often manned by highly specialized naval
combat units and usually functions to support other warships in
their missions. Individual frigates can be equipped with, for ex-
ample, submarine detectors, anti-aircraft weapons, or defense
against surface ships. In terms of dimensions, the MRLF has
a relatively smaller size of around 100 meters. Unlike other
combat types that are over 100 meters in size. This is advanta-
geous for the MRLF type because it reduces the possibility of
the ship being detected due to radar reflection (allowing the de-
velopment of stealth mode). In addition, with a size that is not
too large, this type of ship can act like a patrol ship (Satriananda
& Manfaat, 2015).

From a technical perspective, this type of ship has received
a lot of praise. Among them are fast maneuverability, regu-
lar ship movements, and reliable speed. Meanwhile, from a
weaponry perspective, the MRLF is no less complete than other
combat ships. For example, the crew-class frigate has a maxi-
mum speed of 30 knots equipped with radar sensors and avion-
ics made by Thales, France. In addition, this ship is equipped
with one 76 mm cannon, two 30 mm caliber anti-aircraft guns,
torpedoes, Thales Sensors Cutlass 22, Sea Wolf surface-to-air
missiles, Exocet MM40 Block II missiles with a range of 180
km, and a hangar that can accommodate one Sikorsy S-70 Sea-
hawk anti-submarine helicopter.

Figure 4: Frigate Class Warship.

R

Source: Authors.

4.1.2. UAV Alternatives.
As in developed countries, various UAV models are being
developed for defense purposes. In this paper, three alterna-

tive UAVs have been identified to support the operations of the
Frigate Class Warship, namely:

a. Camcopter S-100.

The Camcopter S-100 is a prime example of an unmanned
aerial vehicle (UAV) that has been widely used for a va-
riety of applications, from military to civilian. The Cam-
copter S-100 is characterized by its compact size and
helicopter-like design, which allows it to take off and
land vertically without the need for a runway. This fea-
ture makes it very versatile and suitable for operations
in confined spaces or on ships. In a military context,
the Camcopter S-100 serves as an invaluable asset for
intelligence, surveillance, target acquisition, and recon-
naissance (ISTAR) missions. Its ability to operate au-
tonomously reduces the risk to human operators while
providing real-time data critical to the decision-making
process. The UAV’s payload capacity allows it to carry
advanced sensors such as electro-optical/infrared (EO/IR)
cameras and radar systems that enhance situational aware-
ness on the battlefield.

Figure 5: Camcopter S-100.

Source: Choi et al (2011).

b. Golden Eagle CR500.

NORINCO’s Golden Eagle CR500 unmanned attack he-
licopter is the latest unmanned attack helicopter devel-
oped by China North Industries Corporation. In mod-
ern warfare, unmanned helicopters have very high utility
value. This unmanned helicopter is small in size, with
a takeoff weight of only a few hundred kilograms, but
can carry two small missiles. Proportionally, it can carry
more ammunition than a manned unmanned helicopter.
Thanks to technological advances, it can also carry more
ammunition. In particular, the fully automatic attack ca-
pability is not limited by the takeoff and landing location
and can follow the troops.
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Figure 6: Golden Eagle CR500.

Source: es.militarydrones.org.cn.

c. Sea Cavalry SD 40.

The Sea Cavalry SD 40 is a maritime unmanned aerial ve-
hicle (UAV) system designed for a variety of naval appli-
cations, including reconnaissance, surveillance, and tar-
get acquisition. The UAV system represents a significant
technological advancement in the field of autonomous
maritime operations, offering enhanced capabilities for
navies. The SD.40 features a robust airframe constructed
from lightweight composite materials, providing dura-
bility without sacrificing performance. Its aerodynamic
design allows for stable flight even in turbulent weather
conditions, making it ideal for long-range missions over
open waters.

One of the Sea Cavalry SD.40’s key technological fea-
tures is its advanced sensor suite, which includes high-
resolution cameras, infrared sensors, and radar systems.
These sensors enable the UAV to conduct detailed surveil-
lance operations both day and night, providing real-time
data to naval commanders. In reconnaissance missions,
the SD.40 excels at gathering intelligence on enemy move-
ments and positions without exposing human personnel
to risk. Its ability to loiter over areas of interest for ex-
tended periods allows it to provide continuous situational
awareness.

4.2. Identification of UAV Selection Criteria.

At this step, a two-level hierarchical model is created that
is generated from the Ability and Cost aspects and reflected in
the UAV system, as shown in Figure 8. The model categorizes
the main types of UAV capability determination factors: a) Pay-
load capacity; b) Speed; c) Altitude; d) Endurance; e) Remote
Control Range; f) Impact on ship operations; g) Weight. Table
4 shows the hierarchical model for UAVs with cost criteria.

Figure 7: Sea Cavalry SD 40.

Lz ENOEEANTAENNLS

~Sed Cavalry (SD-40)

Source: Xiamen Han’s Eagle Aviation Technology Co.,Ltd.

Table 4: Identification of ability criteria.

Criteria Description Source
Payload capacity is the maximum amount of weight that can be carried by the

Payload UAV. The fact that .the UAV's payloatl'] weight is too heavy to })e ca]:?i&?d will Nuh Keles

. shorten the battery life and cause possible damage to the UAV's carrier parts. 2024

capacity The UAV can carry while in flight, including sensors, cameras, or other (2024)

equipment about the payload capacity.

Increasing the maximum speed will increase the efficiency and effectiveness

of the UAV. speed is a characteristic that directly affects the cfficiency of the Nuh Kele
Speed war system. The maximum speed can vary based on the aircraft engine power, (2024) 4

and the speed value can be requested at the highest, lowest, or average value .

by different functions.

Maximum altitude is the highest altitude level of the UAV in effective flight.

Altitude The inc_rease in f.he radius where the UAV can ta!ce pictures and perform its Nuh Keles
tasks without being affected and unknown to the air defense system during its (2024)
tasks indicates the altitude at which the UAV can fly.

Maximum endurance refers to the length of time a UAV spends during its Nuh Keles
Endurance | flight, that is. the maximum time spent with available fuel from takeoff to (2024)
landing -
Remote control range, as an important parameter. is known as the maximum
Remote distance that the UAV can travel in the remote control area. This is a Nuh Kele
Control parameter that can be affected by various variables depending on the remote (2024) ¥
Range control range, remote control signal, battery level, flight altitude, possible -
magnetic activity in the flight environment, natural or artificial terrain forms.
Impﬁét % | To what extent does the launching system affect the normal operational | Norcia ct al
sup effectiveness of the ship (2023)
operations
Weight System weight. Nn(l; 52 ;)‘ al
Source: Authors.
Table 5: Identification of cost criteria.
Criteria Description Source
Purchase Initial financial outlay required to acquire a UAV, including costs associated
with acquiring the vehicle itself, the necessary equipment, and any Ardil (2023)
cost associated technology or software required for its operation
Operating Costs incurred during the actual operation of the UAV. These costs include
fuel or energy consumption (for electric drones), labor costs for operators Ardil (2023)
cost and support staff.
Maintenance | Maintenance costs include all costs associated with keeping the UAV in Ardil (2023)
cost optimal working condition.
Spare parts | Spare parts costs refer to exp for repl p required to .
cost repair or upgrade the UAV. Ardil (2023)
Depreciation | Depreciation costs are the reduction in value of the UAV over time due to Ardil (2023)
cost use, teck i . or market changes.

Source: Authors.

4.3. Selection Analysis with AHP method.

In multi-criteria structures, the weights of the criteria can
be determined by various methods. The analytical hierarchy
process (AHP) method, which is widely used in the literature
and has found consistency in determining the weights of the
criteria, is used to find the importance/priority of the criteria. In
AHP, complex and mixed decision problems are decomposed
into simple decision problems involving a decision hierarchy.

Measurable and immeasurable goals can be included in the
same hierarchy. After the decomposition is complete, the AHP
method requires the creation of a master ranking for the goals
and alternatives under each goal. This step can be simplified
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by using pairwise comparisons, and assigning numerical scores
to subjective judgments. The pairwise comparisons are then
converted into master rankings. This creates an order of alter-
natives that is consistent with the decision-maker’s perception.
This process involves quantifying subjective judgments that can
bring a large amount of noise to the model. Since the compari-
son of criteria is in a hierarchy, the numerical values in the scale
indicate the priority of the relationship between the items. In
AHP, the decision maker evaluates each decision alternative ac-
cording to his criteria and scores points with a numerical scale.
The questionnaire was prepared using the Saaty 1?79 scale and
the criteria used in this study were compared in opposite pair-
wise directions ((Keles, 2024).

Figure 8: Hierarchical Model of UAV Selection for Frigate
Class Warship Operations.

Payload capacity

Table 8: Comparison results of alternatives from capability cri-
teria.

Alternatives Cl c2 Cc3 C4 Ccs C6 Cc7
Criteria 0.166 | 0.168 | 0.146 | 0.129 | 0.134 | 0.135 | 0.122
Al UAVI | 0.241 | 0.312 | 0.211 | 0.261 | 0.198 | 0.198 | 0.198
A2 UAVII | 0.548 | 0.490 | 0.548 | 0.411 | 0.490 | 0.490 | 0.490
A3 UAVII | 0.211 | 0.198 | 0.241 | 0.328 | 0.312 | 0.312 | 0.312
Alternatives Cl (o) C3 c4 C5 Cé C7
Criteria 0.166 | 0.168 | 0.146 | 0.129 | 0.134 | 0.135 | 0.122
Al UAVI | 0.040 | 0.053 | 0.031 | 0.034 | 0.026 | 0.027 | 0.024
A2 UAVII | 0.091 | 0.083 | 0.080 | 0.053 | 0.066 | 0.066 | 0.060
A3 UAV I | 0.035 | 0.033 | 0.035 | 0.042 | 0.042 | 0.042 | 0.038
Alternatives Weight Rank
Al UAVI 0234 3
A2 UAVII 0.498 1
A3 UAVIII 0.267 2

Source: Authors.

Table 9: Comparison Results of alternatives from cost criteria.

ability eriteria

UAV selection for

frigate class warship

cost criteria

Depreciation cost

Source: Authors.

Table 6: The results of the weighting values of the ability crite-
ria.

Code Factors EXP1 | EXP2 | EXP3 | EXP4 | EXP5 | EXP6 | AVERAGE
Cl Payload capacity 0.167 0.140 0.136 0.116 0.210 0.229 0.166
c2 Speed 0.154 0.174 0.187 0.148 0.159 0.188 0.168
c3 Altitude 0.151 0.172 0.142 0.226 0.097 0.089 0.146
c4 Endurance 0.097 0.128 0.161 0.094 0.210 0.083 0.129
cs Remote Control Range 0.152 0.157 0.144 0.098 0.093 0.160 0.134
cé Impact on ship operations 0.093 0.099 0.151 0.194 0.116 0.154 0.135
c7 Weight 0.187 0.131 0.079 0.124 0.115 0.097 0.122

Source: Authors.

Table 7: The results of the capability cost weighting value.

Code Factors EXP1 | EXP2 | EXP3 | EXP4 | EXP5 | EXP6 | AVERAGE
C3 Purchase Cost 0.199 | 0214 | 0.174| 0.194| 0.279| 0.254 0.219
Cc9 Operating Costs 0256 | 0208 | 0.226 | 0.223| 0.188 | 0.230 0.222
C10 | Maintenance Cost | 0.177 | 0.232| 0.220| 0291 | 0.109 | 0.138 0.195
Cl1 Spare Parts Cost 0.148 | 0.144 | 0.198| 0.146| 0.279| 0.118 0.172
C12 | Depreciation Cost | 0.220 | 0.202 | 0.182 | 0.146 | 0.145| 0.260 0.193

Source: Authors.

Alternatives C8 C9 Cl10 Cl11 C12
Criteria 0.219 0.222 0.195 0.172 0.193
Al | UAVI 0312 0.334 0.164 0.320 0.239
A2 | UAVI 0.490 0.525 0.539 0.557 0.623
A3 | UAVII 0.198 0.142 0.297 0.123 0.137
Alternatives C8 C9 Cl0 Cl1 Cl2
Criteria 0.219 0.222 0.195 0.172 0.193
UAVII Al | UAVI 0.068 0.074 0.032 0.055 0.046
A2 | UAVI 0.107 0.116 0.105 0.096 0.120
A3 | UAVII 0.043 0.031 0.058 0.021 0.026
Alternatives Weight Rank
UAV III Al UAV1 0.275 2
A2 UAVII 0.545 1
A3 UAV IO 0.180 3

Source: Authors.

In this study, the determination of the selected UAV from
the AHP method is supported by a priority matrix. The selec-
tion of Unmanned Aerial Vehicles (UAVs) to support the oper-
ation of Frigate-class Warship involves a strategic process that
considers various factors. The Frigate-class Warship, which
consists of the MRLF in the Indonesian Navy, requires UAVs
that can improve its maritime surveillance, reconnaissance, and
tactical capabilities. A priority matrix is often used to system-
atically assess potential UAV options based on criteria such as
range, endurance, payload capacity, sensor capabilities, inter-
operability with existing systems, and cost-effectiveness.

The priority matrix helps decision - makers consider these
operational contexts with technology specifications to select the
UAVs that offer optimal performance under expected condi-
tions. In addition, interoperability with other naval assets is an
important factor; thus, UAVs equipped with compatible com-
munication systems are prioritized to ensure smooth data shar-
ing and coordination during joint operations. Ultimately, using
a comprehensive priority matrix approach can make the right
decisions that increase the effectiveness of the capabilities and
costs of using UAVs on Frigate Class Warship.

Based on the results of the priority matrix analysis, the most
suitable UAV to support the operation of the Frigate-class War-
ship in terms of capability and cost is UAV II. UAV II emerged
as the most appropriate choice because of its sophisticated ca-
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Table 10: The weighted values of capabilities and costs from
the AHP analysis.

Table 11: Analysis of internal factors of UAV utilization strat-
egy on Frigate-class Warship.

WEIGHT
ALTERNATIVES ABILITY (X) COST (V)
Al UAV I 0.234 0.275
A2 UAV II 0.498 0.545
A3 UAV III 0.267 0.180
Source: Authors.
Figure 9: Priority matrix in UAV selection.
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Source: Authors.

pabilities that are in line with the operational requirements of
the Frigate-class Warship.

4.4. Planning the UAV-Utilization Strategy Using SWOT Anal-
VSIs.

4.4.1. Internal-Factor Analysis.

Internal Factor Analysis SWOT (Strengths, Weaknesses, Op-
portunities, Threats) for Unmanned Aerial Vehicle (UAV) uti-
lization in naval operations involves a detailed examination of
the intrinsic attributes that may influence the strategic deploy-
ment and effectiveness of UAVs in a maritime context. Strengths
in this analysis often highlight the advanced technological capa-
bilities inherent in UAV systems. Conversely, weaknesses iden-
tified through internal factor analysis may include limitations
related to the UAV’s endurance and payload capacity, which
may limit its operational range and functionality in certain sce-
narios. Internal factor identification of strengths and weak-
nesses in this manuscript was obtained from literature review
and Small Group Discussion which were then analyzed using
weighting and Likert scale scoring.

Internal Factors

Strengths (S) ‘Weaknesses (W)
(S1)  High Economic Efficiency (W1) High Cost Of Procurement
(S2)  Mobility (W2) Need For Constant Monitoring
(S3)  Ease Of Control Accuracy (W3)  Short Flight Time
(S4)  High Efficiency Performance (W4) Need For Permission To Use
(S5)  Environmental Cleanliness Of Flights | (W5) Considerable Investment
(S6)  Life-Saving Capabilities (W6)  Flight Time Limitations
(S7)  Reduction of Human Error (W7) Weather Dependence
(S8)  Adaptability

Source: Authors.

Table 12: Pairwise comparison results of strength factors.

Code Factor EXP1 | EXP2 | EXP3 | EXP4 | EXPS5 | EXP 6 | AVERAGE
S1 | High Economic Efficienc 0.126 | 0.122 | 0.140 | 0.116 | 0.207 | 0.215 0.154
S2 | Mobility 0.200 | 0.151 | 0.153 | 0.152 | 0.146 | 0.158 0.160
S2 Ease Of Control Accurac; 0.128 0.158 0.140 0.154 0.107 0.111 0.133
S4 High Efficiency Performance 0.092 0.123 0.137 0.087 0.170 0.088 0.116
S5 Envi al Cleanli Of Flights | 0.129 0.135 0.121 0.090 0.093 0.118 0.114
S6 | Life Capabiliti 0.079 | 0.100 | 0.137 | 0.167 | 0.108 | 0.125 0.119
S7 Reduction of Human Error 0.161 0.125 0.073 0.143 0.095 0.100 0.116
S8 Adaptability 0.086 0.086 0.098 0.091 0.075 0.084 0.087

Source: Authors.

Table 13: Strength factor questionnaire results.

Code Factor EXP1 | EXP2 | EXP3 | EXP4 | EXPS5 | EXP 6 | AVERAGE
S1 High Economic Efficienc 4 4 3 5 4 5 4.167
S2 Mobility 5 3 4 5 5 4 4333
S2 | Ease Of Control Accurac) 4 4 5 4 4 5 4.333
S4 High Efficiency Performance S 3 4 5 5 4 4.333
S5 Envi al Cleanli Of Flights 4 3 5 S 4 4 4.167
S6 Life-Saving Capabiliti 5 4 4 5 4 3 4.167
S7__| Reduction of Human Error 5 5 4 4 5 4 4.500
S8 Adaptability 4 3 5 5 5 4 4.333

Source: Authors.

Table 14: Pairwise comparison results of weakness factors.

Code Factor EXP1 | EXP2 | EXP3 | EXP4 | EXP5 | EXP 6 | AVERAGE
Wi High Cost Of Procurement 0.165 0.157 0.136 0.116 0.210 0.229 0.169
W2 | Need For Constant Monitoring | 0.167 0.185 0.187 0.148 0.159 0.188 0.172
W3 | Short Flight Time 0.162 | 0.158 | 0.142 | 0.226 | 0.097 | 0.089 0.145
W4 | Need For Permission To Use 0.097 0.139 0.161 0.094 0.210 0.083 0.131
W5 | Considerable Investment 0.151 0.155 | 0.144 0.098 | 0.093 0.160 0.134
W6 | Flight Time Limitations 0.073 0.079 0.151 0.194 0.116 0.154 0.128
W7 | Weather Dependence 0.185 0.127 0.079 0.124 0.115 0.097 0.121

Source: Authors.

Table 15: Weakness factor questionnaire results.

Code Factor EXP1 | EXP2 | EXP3 | EXP4 [ EXP5 | EXP6 | AVERAGE
W1 | High Cost Of Procurement 4 4 4 4 4 5 4.167
W2 | Need For Constant Monitoring 5 4 5 3 4 5 4.333
W3 | Short Flight Time 4 3 3 4 4 5 3.833
W4 | Need For Permission To Use 2 4 5 5 5 5 4.333
W5 | Considerable Investment 3 3 4 4 5 4 3.833
W6 | Flight Time Limitations 4 4 4 3 4 4 3.833
W7 _| Weather Dependence 3 4 5 5 4 4 4.167

Source: Authors.

4.4.2. External-Factor Analysis.

The SWOT (Strengths, Weaknesses, Opportunities, Threats)
external factor analysis for the utilization of Unmanned Aerial
Vehicles (UAVs) in Indonesian Navy operations involves a com-
prehensive examination of the opportunities and threats that ex-
ist in the external environment. Opportunities for the utilization
of UAVs in naval operations are abundant due to technological
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advancements and strategic military needs. The global trend
towards modernization of military forces also presents an op-
portunity for navies to adopt UAV technology as part of their
strategic arsenal, which is in line with broader defense modern-
ization initiatives.

In contrast, threats in the external environment must be care-
fully considered when strategizing the use of UAVs in naval
operations. International regulatory and legal challenges gov-
erning the use of airspace pose potential barriers to widespread
UAV deployment. Geopolitical tensions can further complicate
the operational landscape, as states may impose restrictions or
engage in cyber warfare tactics targeting UAV systems. There-
fore, while there are significant opportunities to enhance naval
operations through UAVs, these must be balanced against po-
tential threats to ensure effective strategy formulation and im-
plementation.

Table 16: External factor analysis of UAV utilization strategy
on Frigate-class Warship.

External Factors

Table 20: Threat/constraint factor questionnaire results.

Code Factor EXP1 | EXP2 | EXP3 | EXP4 | EXP5 | EXP6 | AVERAGE
T1 Repair costs 4 5 2 4 3 4 3.667
T2 Control lexil 4 4 3 4 4 4 3.833
T3 Limitations on use of additional devices 4 5 2 4 4 4 3.833
T4 Regulatory impacts 5 5 2 4 4 5 4.167

Source: Authors.

4.4.3. QSPM Matrix Strategy Determination.

The final stage of the strategy analysis is the selection of an
appropriate strategy that can be implemented to utilize UAVs in
supporting the operation of the Frigate-class Warship, which is
carried out using the QSPM analysis tool. Alternative strategies
are obtained from the SWOT matrix where the matrix produces
several alternative strategies through internal and external fac-
tors. The results of the analysis show that the highest value in
the matrix is the progressive (maximum-maximum) strategy al-
ternative, namely maximizing existing strengths to capture as
many opportunities as possible. In this study, with the four op-
portunities available, it is hoped that they can be utilized by
using maximum strength.

Table 21: Internal factor assessment analysis.

Opportunities (O) Threats/Challenges (T)
(O1) Operational monitoring (T1) High repair or -
from a height of tens and replacement costs STR‘El*:zilﬁ-:IRNAL FACTORS | WEIGHT | SCORE | VALUE
hundreds of meters (T2) Complexity of control in S1 | High Economic Efficiency | 0.154 4167 | 0.642
(02) Area Identification certain situations s2 | Mobili
. . . . obility 0.160 4.333 0.693
(03) Measu;ement with high (TS) _lumtanoqs in the use of S3 | Ease Of Control Accuracy 0.133 2333 0576
accuracy relief and GPS additional devices due to the S4 | High Efficiency
connection geometric dimensions of the Performance 0.116 4.333 0.504
(O4) Maritime Digitization UAV S5 Environmental Cleanliness 0.114 4167 0.476
and Automation (T4) Influence of Regulation Of Flights ' ) '
S6 | Life-Saving Capabilities 0.119 4.167 0.497
Source: Authors. S7 | Reduction of Human Error | 0.116 4500 | 0.523
S8 | Adaptability 0.087 4.333 0.376
1.000 4.288
Table 17: Pairwise comparison results of probability factors. gFAEﬁ;SsOSt OF Procurement 0169 1167 0704
Cgtlie . Facior EXP1 | EXP2 | EXP3 | EXP4 | EXP5 | EXP 6 | AVERAGE W2 i?ﬁ;?;lgonsmnt 0.172 4.333 0.747
perational Monitoring 0.128 0.137 0.131 0.243 0.329 0.394 0.227
02| Area Identification 0389 | 0.419 | 0220 | 0.243 | 0.200 | 0.39 0285 W3 | Short Flight Time 0.145 3.833 0.557
03 0.257 0.248 0.168 0.340 0.142 0.197 0.225 = " T
04 | Maritime Digitization and A ion | 0226 | 0.195 | 0481 | 0.174 | 0.329 | 0.169 0262 wa ﬁ::d For Permission To 0.131 4333 0.566
Source: Authors. W5 | Considerable Investment 0.134 3.833 0.512
W6 | Flight Time Limitations 0.128 3.833 0.450
W7 | Weather Dependence 0.121 4.167 0.505
1.000 4.082

Table 18: Opportunity factor questionnaire results.
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Table 19: Results of pairwise comparison of threat/constraint
factors.

Code Factor EXP1 | EXP2 | EXP3 | EXP4 | EXP5 | EXP 6 | AVERAGE
Tl Repair costs 0.409 0.335 0.392 0.342 0.329 0.387 0.366
T2 Control 1 0.265 0.136 0.279 0.288 0.206 0.275 0.242
T3 Limitati on use of additional devices | 0.110 0.242 0.165 0.206 0.177 0.140 0.173
T4 | Regulatory impacts 0.215 | 0.287 | 0.165 | 0.165 | 0.287 | 0.198 0.219

Source: Authors.

Source: Authors.

Based on the SWOT analysis, the chosen strategy is the
SO strategy, which is to maximize strengths to gain as many
opportunities as possible. The SO strategy, which stands for
Strengths-Opportunities, involves utilizing internal strengths to
take advantage of external opportunities. In the context of a
Frigate-class Warship, one of its main strengths is its advanced
technological capabilities and strategic position in naval oper-
ations. UAVs provide significant advantages because of their
ability to conduct surveillance, reconnaissance, and intelligence-
gathering missions without risking human lives. This strength
is in line with the opportunities presented by the increasing
challenges of maritime security and the need to increase sit-



A.K. Susilo et al. | Journal of Maritime Research Vol XXIII. No. II (2026) 114-128

Table 22: External factor assessment analysis.

Table 24: UAV utilization strategy to support the operations of
the Frigate-class Warship in the North Natuna Sea.

(O1) Operational monitoring from a height of tens and
hundreds of meters

(02) Area Identification

(03) Measurement with high accuracy relief and GPS
connection

(O4) Maritime Digitization and Automation

(S1) High Economic Efficiency
(S2) Mobility

(S3) Ease Of Control Accuracy
(S4) High Efficiency Performance
(S5) Environmental Cleanliness Of
Flights

(S6) Life-Saving Capabilities

(S7) Reduction of Human Error
(S8) Adaptability

1) Implementation of cost-effective UAVs for sustainable ISR
(SL;01)

2) Mapping of disputed zones or areas in the North Natuna Sea
with the help of UAVs (S2:53:02)

3) Integrating UAVs with CMS for ASW (54:58:03)

4) Automating SAR/CBRN responses (S6;55;04)

5) Integrating drones for real-time threat analysis in the North
Natuna Sea (S7,01;02)

6) Improving coordination between Fleet Command, Warship

124

| EXTERNAL FACTORS | WEIGHT | SCORE | VALUE
OPPORTUNITY
Ol | operational monitoring 0.227 4.167 0.946
02 | area identification 0.285 4.167 1.188
03 | measurement 0.225 4.333 0.977
04 | Maritime Digitization and -
Automation 0262 4.333 1137
1.000 4.248
THREATS/CONSTRAINTS
T1 | repair costs 0.366 3.667 1.341
T2 | control complexity 0.242 3.833 0.926
limitations on use of
T3 | additional devices 0.173 3.833 0.664
T4 | Regulatory Impact 0.219 4.167 0.914
1.000 3.846
Source: Authors.
Table 23: Quadrant analysis results.
S W Quadrant Axis
4.288 4.082 0.206 X
0] T Quadrant Axis
4.248 3.846 0.402 Y

Source: Authors.

uational awareness in vast ocean areas. By deploying UAVs,
Frigate-class Warship can maximize its operational efficiency
and effectiveness in monitoring maritime activities, thereby en-
suring better protection of national waters and assets.

Figure 10: Determining the QSPM matrix strategy in quadrants.

Change 0 Progressive
Strategy o Strategy
vAvH
0.206, 0.402
Strategy
— SO
e
[w] s
Diversification
Survive |T Strategy

Source: Authors.

Based on the results of the SWOT analysis, six strategies
were obtained, namely:

a. Implementation of cost-effective UAVSs for sustainable ISR
(relationship between S1; O1)

b. Mapping of disputed zones or areas in the North Natuna
Sea with the help of UAVs (relationship between S2; S3;
02)

and UAVs through Big Data analysis and data integration with
other stakeholders (S8;04)

Source: Authors.

c. Integrating UAVs with CMS for ASW (relationship be-
tween S4; S8; O3)

d. Automating SAR/CBRN responses (relationship between
S6; S5; 04)

e. Integrating drones for real-time threat analysis in the North
Natuna Sea (relationship between (S7; O1; O2)

f. Improving coordination between Fleet Command, War-
ship, and UAVs through Big Data analysis and data inte-
gration with other stakeholders (relationship between S8;
04).

5. Discussion.

In this discussion, the determination of the selected UAV
from the AHP method is supported by a priority matrix. The
selection of Unmanned Aerial Vehicles (UAVs) to support the
operations of the Frigate-class Warship involves a strategic pro-
cess that considers various factors. The Frigate-class Warship,
which consists of MRLF in the Indonesian Navy, requires a
UAV that can improve its maritime surveillance, reconnaissance,
and tactical capabilities. Based on the results of the priority
matrix analysis, the most suitable UAV to support the opera-
tions of Frigate-class Warship in terms of capability and cost
is the UAV II. The UAV II emerged as the most appropriate
choice because of its advanced capabilities that are in line with
the operational requirements of Frigate-class Warship. These
ships, known for their versatility in maritime operations, re-
quire a UAV that can improve surveillance, reconnaissance, and
intelligence-gathering capabilities while remaining within bud-
get constraints.

The UAV 1I stands out in terms of capabilities due to its
advanced technology and design features tailored for the mar-
itime environment. It is equipped with high-resolution cameras
and sensors that provide real-time data transmission, which is
essential for effective decision-making during naval operations.
Its endurance and range allow it to cover vast sea areas with-
out frequent refueling or maintenance stops, making it ideal for
long-term missions common to naval deployments. In addition,
the compact size and ease of deployment of the naval platform
make it highly compatible with the operational dynamics of the
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Frigate-class Warship. The integration of these advanced tech-
nological features ensures that the UAV II can significantly en-
hance situational awareness and tactical superiority at sea.

Cost-effectiveness is another important factor that makes
the UAV II stand out. Despite offering state-of-the-art tech-
nology, its price remains competitive compared to other UAVs
with similar capabilities. This balance between cost and per-
formance ensures that navies can deploy multiple units without
exceeding budget constraints, thereby maximizing operational
coverage and readiness. Furthermore, its low maintenance re-
quirements reduce long-term operational costs, thus providing
a sustainable solution for ongoing maritime surveillance needs.
The combination of these factors—advanced capabilities at a
reasonable cost—makes the UAV II an optimal choice to sup-
port the complex operational demands of the Frigate-class War-
ship.

The strategy of utilizing UAV (Unmanned Aerial Vehicle)
UAV 1I in supporting the operation of Frigate-class Warship is
a multifaceted approach that improves maritime surveillance,
reconnaissance, and operational efficiency. The Frigate-class
Warship is a modern multi-role frigate equipped with sophis-
ticated weapons and systems designed for various naval oper-
ations, including anti-aircraft warfare, anti-submarine warfare,
and surface warfare. Based on the results of the SWOT analy-
sis, six strategies were obtained, namely:

a. Cost-effective application of Intelligence, Surveillance,
and Reconnaissance (ISR).
Integration with the Frigate-class Warship enables extend-
ed surveillance capabilities beyond line of sight, allowing
these vessels to effectively monitor vast areas of ocean.
The cost-effectiveness of these UAVs stems from their
relatively low operational costs compared to manned air-
craft, as well as their ability to operate autonomously
for extended periods without requiring significant human
intervention. The use of such advanced technology is
in line with sustainable ISR practices by reducing the
carbon footprint associated with traditional surveillance
methods and increasing the efficiency of resource allo-
cation. In addition, the deployment of UAVs such as
the UAV II supports Indonesia’s strategic interest in safe-
guarding its territorial waters from illegal activities and
potential threats, thereby contributing to regional stabil-
ity and security.

b. Mapping of disputed zones or areas in the North Natuna
Sea with the help of UAV II.
The deployment of UAV II, an advanced unmanned aerial
vehicle equipped with high-resolution imaging and real-
time data transmission capabilities, supports the opera-
tions of Indonesia’s Frigate-class Warship by providing
comprehensive aerial reconnaissance. The UAV enhances
situational awareness by providing accurate geospatial
data and imagery that is critical for navigation, monitor-
ing foreign vessel activity, and enforcing maritime sove-
reignty. The integration of UAV technology with naval
operations enables greater reach and operational efficiency
in patrolling vast maritime areas. These technological ad-

vancements are critical in asserting national jurisdiction
over disputed waters while ensuring compliance with in-
ternational maritime law.

. Integrating UAV II with Combat Management System

(CMS) for Anti Submarine Warfare (ASW).

By linking these UAVs to the CMS, which acts as the cen-
tral nervous system of naval operations, it enables seam-
less data integration and processing. This integration fa-
cilitates rapid decision-making by providing comprehen-
sive maritime domain awareness, enabling the detection,
classification, and tracking of potential underwater threats
such as submarines. The CMS processes inputs from
multiple sensors on the UAV and the vessel itself to cre-
ate a unified operational picture, thereby enhancing threat
assessment and response strategies. This capability is
critical in strategic areas such as the North Natuna Sea,
where geopolitical tensions require robust maritime se-
curity measures. The synergy between UAV and CMS
technologies not only increases the tactical reach of the
Frigate-class Warship but also ensures they are well -
equipped to maintain sovereignty and security in disputed
waters.

. Automation of SAR/CBRN response.

The UAV Il is equipped with advanced sensors and com-
munication systems that enable it to perform autonomous
reconnaissance, surveillance, and data collection tasks
that are essential for SAR missions. Its ability to au-
tonomously detect and analyze CBRN threats enhances
the operational readiness of the Frigate-class Warship by
providing real-time situational awareness and threat as-
sessment. The automation features of the UAV allow it
to operate efficiently in complex maritime environments,
reducing human exposure to risk while increasing mis-
sion effectiveness. The integration of such technologies
into naval operations represents a significant advance-
ment in military strategy, leveraging artificial intelligence
and machine learning algorithms to optimize decision-
making processes during critical missions.

. Integration of drones for real-time threat analysis in the

North Natuna Sea.

The UAV II’s ability to provide high-resolution imagery
and real-time data feeds allows naval commanders aboard
the Frigate - class Warship to make informed decisions
quickly. This capability is critical to identifying potential
threats such as unauthorized vessels or illegal activities,
allowing countermeasures to be taken. Furthermore, the
drone’s endurance and range complement naval assets by
extending their surveillance reach beyond line of sight,
providing comprehensive situational awareness that is es-
sential for effective maritime operations.

. Improving coordination between Fleet Command, war-

ships, and UAV II through Big Data analysis and data
integration with other stakeholders.

By integrating these data streams with other stakehold-
ers such as intelligence agencies, naval logistics, and re-
gional security partners, comprehensive situational aware-
ness can be achieved. This enhanced awareness enables
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more informed decision-making processes regarding threat
assessment, resource allocation, and mission planning.
The use of Big Data technologies facilitates predictive
analytics that can anticipate potential threats or logistics
challenges before they arise, thereby optimizing fleet readi-
ness and response times. Additionally, this integrated
approach supports interoperability among multiple tech-
nology platforms and improves communication channels
between command centers and deployed units, ensuring
that all parties have access to the most current operational
picture.

6. Implications.

Theoretically, this study provides an important contribu-
tion to the development of maritime security theory by integrat-
ing Unmanned Aerial Vehicle (UAV) technology into the Mar-
itime Domain Awareness (MDA) framework. Theoretically,
this study enriches the literature on multi-criteria decision -
making (MCDM), especially the application of the Analytical
Hierarchy Process (AHP) method and SWOT analysis in the
context of maritime defense. This approach emphasizes the im-
portance of systematic and comprehensive evaluation in select-
ing the right technology based on technical, operational, and
strategic criteria. In addition, this study strengthens the under-
standing that the integration of UAV technology can expand the
scope of surveillance and improve maritime security responses
more effectively, thus enriching contemporary maritime secu-
rity theory that emphasizes synergy between technology and
operational strategy.

In practice, the results of this study provide concrete recom-
mendations for the Indonesian Navy in optimizing the use of
UAVs to support the operations of the Frigate-class Warship in
the North Natuna Sea. By selecting the right UAV based on the
criteria that have been analyzed, warships can increase the ef-
fectiveness of water area surveillance, accelerate detection and
response to threats, and reduce risks for operational personnel.
The UAV utilization strategy resulting from the SWOT analysis
also helps in identifying opportunities for technology develop-
ment and mitigating obstacles such as limited range and dura-
bility of UAVs. The implementation of this strategy is expected
to significantly increase Indonesia’s maritime sovereignty and
security, especially in the strategic and conflict-prone North
Natuna Sea area.

Conclusions.

The use of Unmanned Aerial Vehicles (UAV) as support
in the implementation of operations held by Frigate-class War-
ship is a positive step in responding to technological advances
to deal with violations of the law that occur, especially in the
North Natuna Sea. This manuscript aims to provide an analy-
sis of the selection of Unmanned Aerial Vehicles (UAV) to Im-
prove the Implementation Capability of Frigate-class Warship
Operational Tasks in the North Natuna Sea.

Based on the results of the AHP analysis, it was found that
Based on the results of the priority matrix analysis, the most

suitable UAV to support the operation of the Frigate-class War-
ship in terms of capability and cost is the UAV II. The UAV 11
emerged as the most appropriate choice because of its advanced
capabilities that are in line with the operational requirements
of the Frigate-class Warship. The UAV II stands out in terms
of capability due to its advanced technology and design fea-
tures that are tailored to the maritime environment. This UAV
is equipped with high-resolution cameras and sensors that pro-
vide real-time data transmission, which is essential for effective
decision-making during naval operations. Its endurance and
range allow it to cover vast sea areas without frequent refueling
or maintenance stops, making it ideal for long-term missions
that are common in naval deployments. In addition, its com-
pact size and ease of deployment of the naval platform make it
highly compatible with the operational dynamics of the Frigate-
class Warship. The integration of these advanced technological
features ensures that the UAV I can significantly improve situ-
ational awareness and tactical superiority at sea.

Based on the SWOT analysis, the chosen strategy is the
SO strategy, which is maximizing strengths to gain as many
opportunities as possible. The SO strategy, which stands for
Strengths-Opportunities, involves utilizing internal strengths to
take advantage of external opportunities. In the context of Friga-
te - class Warship, one of its main strengths is its advanced tech-
nological capabilities and strategic position in naval operations.
Based on the results of the SWOT analysis, six strategies were
obtained, namely a) Implementation of cost-effective UAV II
for continuous ISR; b) Mapping of disputed zones or areas in
the North Natuna Sea with the help of UAV II; c) Integrating
UAV II with CMS for ASW; d) Automation of SAR/CBRN re-
sponses; €) Combining drones for real-time threat analysis in
the North Natuna Sea; f) Improving coordination between Fleet
Command, Warship and UAV II through Big Data analysis and
data integration with other stakeholders.

Based on the results of the analysis that has been carried out,
the decision that can be taken is to utilize UAVs in the Frigate-
class Warship operations in the North Natuna Sea using UAV2.
UAV II provides significant advantages because of its ability to
carry out surveillance, reconnaissance, and intelligence - gath-
ering missions without risking human lives. This condition is
in line with the opportunities presented by the increasing chal-
lenges of maritime security and the need to increase situational
awareness in the vast ocean area.

Future Research.

There are several limitations in this study. First, this study
is descriptive and does not involve direct testing or operational
simulation of UAVs on the Frigate-class Warship, so it can-
not empirically measure the effectiveness of UAV utilization
strategies in real conditions in the North Natuna Sea. Second,
the limitations of currently available UAV technology, such as
range and battery life, also limit the recommendations that can
be given. Therefore, further research with a quantitative ap-
proach and field testing is needed to strengthen the validity and
practical application of the results of this study.
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