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the implications of the research results for security and
operational development in the region. This research integrates
qualitative and quantitative approaches to understand the role
and challenges of each tool. The research results show that the
use of drones provides significant efficiency in quickly reaching
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Efficiency of Using Drones and Boats in advantage of quick response in emergency situations, stability in
Monitoting the Security of the Pang Pang bad weather, and the ability to provide immediate assistance to
Bay Water Aerodrome Area. Sinergi individuals on the water. The results of the comparative analysis
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145, advantages of each tool in various aspects. The implication of
this research is that the development of a security surveillance
strategy in Pang-Pang Bay must consider the wise use of both
tools, depending on operational needs and weather conditions.
In an ideal situation, the combined use of drones and boats can
provide a comprehensive solution to maintaining water safety.
This research also makes an important contribution to the
technology's development and application in the context of
security surveillance. In conclusion, this research provides an in-
depth understanding of the use of drones and boats in
monitoring the Pang-Pang Bay water acrodrome area and
provides a strong foundation for the development of better and
more effective surveillance strategies in the area.
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INTRODUCTION

Development continues rapidly, particularly marked by rapid technological advances (Justice & Of,
2023), which have resulted in significant changes in the transportation and security industries
(Kadarisman, 2017). This progress not only has an impact on conventional modes of transportation
on land and air (Amir & Rahman, 2020) but also opens up new opportunities in the form of water
aerodrome. The water aerodrome concept involves the use of water as a landing and take-off runway
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for seaplanes (Lyu et al., 2021). Pang-Pang Bay, with its wide waters and geographical potential, is a
promising location for the development of a water aerodrome. However, the development of this
kind of infrastructure is not free from challenges in terms of complex monitoring and security.

Safety is a crucial factor in water aerodrome operations (Xiao et al., 2020). Water areas that involve
the use of aircraft and other aviation activities require an effective and efficient monitoring system
(Zelenika et al., 2020). In an effort to meet these needs, technology has played a central role (Rukmana
et al., 2023). One technology that is becoming increasingly prominent is the use of drones and boats
in security surveillance operations (Butcher et al., 2021). Drones, as unmanned flying devices (Meiarti
et al., 2019), provide advantages in reconnaissance from higher air (Triwahyu, Hardi, 2022), cover
wide areas (Ikhsan et al., 2022), and are able to transmit data in real-time visuals (Irawan & Agus
Sofwan, 2023). On the other hand, boats can provide flexibility in accessing areas of the water surface
that are difficult to reach by drones.

However, even though drones and boats have great potential, there has been no comprehensive study
comparing the efficiency and advantages of each tool in the field of security surveillance at water
aerodromes. Differences in performance, response time, area coverage, quality of data generated, and
operational costs need to be analyzed in depth to identify the benefits of each option. Therefore, this
research aims to bridge this knowledge gap by testing and comparing the efficiency of using drones
and boats in monitoring security in the Pang-Pang Bay water aerodrome area. Not only that,
operational security and safety in the water aerodrome area are also closely related to regulatory aspects
and compliance with aviation security standards (Schweiger & Preis, 2022). Efficiency in supervision
can have a direct impact on decision-making in managing risks and overcoming emergency situations
(Kristina et al., 2022). Therefore, a deeper understanding of the potential of each monitoring tool can
help develop better guidelines and protocols in diverse situations.

Apart from practical benefits in the field of security, this research also has theoretical implications in
the field of technology and applications in the field of surveillance. The limitations inherent in the use
of drones and boats can provide valuable insight into the development of future surveillance
technologies. By understanding the advantages and limitations of each tool, you can formulate new
innovations that combine the best aspects of these two technologies.

In increasingly connected global conditions, this research is also relevant to developments in the water
aerodrome sector in various locations in the world. The results of this research can provide guidance
for decision-making regarding the most effective use of monitoring tools in various geographic
conditions and operational environments. This will help in building a solid security and operational
foundation for future water aerodrome development.

By considering the complexity of security and technological challenges in water aerodrome
development, this research has a broader goal than simply understanding surveillance tools. By
bridging this knowledge gap, it is hoped that this research can make a significant contribution to the
development of water aecrodrome infrastructure as a whole. Thus, we can embrace a safer, more
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efficient, and sustainable transportation future through an optimal combination of drone technology
and the use of boats in security surveillance operations at the Pang-Pang Bay water acrodrome area.

METHOD

Research methodology is a framework used to collect data and answer research questions that have
been asked (Ardiansyah et al., 2023). In this study, a comparative approach will be applied to
investigate and compare the efficiency of using drones and boats in carrying out security monitoring
in the water acrodrome area in Pang-Pang Bay. This research will combine qualitative and quantitative
approaches (Parjaman & Akhmad, 2019). Qualitative data will be obtained through direct visual
observation and interviews with drone and boat operators. Quantitative data will be obtained through

measuring response time efficiency, area coverage, and operational cost analysis.

This research will use a comparative research design that will compare the use of drones and boats in
various aspects, such as response time efficiency, surveillance performance, and operational costs. The
research location is in the water aerodrome area in Pang-Pang Bay, which was chosen because of its
potential as a water aerodrome location and the importance of security monitoring in its operations.
The independent variable in this research is the use of drones and boats as security surveillance tools,
while the dependent variables include response time efficiency, surveillance performance (area
coverage, data quality), and operational costs. Data collection was carried out using several techniques,
including direct observation of drones in surveillance operations, visual documentation, interviews
with operators, and analysis of visual data resulting from the use of drones (Komariah et al., 2022).
For boats, data collection involved direct observation during boat patrols, interviews with boat crew,
and recording of collected surveillance data. In addition, response time efficiency is measured from
surveillance commands to effective response and drone and boat operational cost data are collected
over a period of time.

Qualitative data will be analyzed using a qualitative approach (Siregar, 2021), including content analysis
from interviews and observations. Quantitative data will be analyzed statistically using comparison
methods to measure efficiency, speed, coverage, and operational costs between drones and boats. The
validity of the research will be strengthened through data triangulation (Saniyyah et al., 2021), namely
by comparing data from various sources, such as observations, interviews, and numerical data. Data
reliability will be guaranteed by repeating measurements and involving analysis by other researchers to
ensure consistent results (Widyastuti & Nugroho, 2018).
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RESULT AND DISCUSSION
Drone Operators

The results of interviews with drone operators in security monitoring of the Pang-Pang Bay water
aerodrome area provide an in-depth understanding of how drones have become an important element
in surveillance operations. These operators are direct witnesses of significant changes in surveillance
technology and practices, and their views provide valuable insight.

The importance of efficiency in supervision was a key theme that emerged from these interviews.
Drone operators consistently emphasize that drones bring high efficiency in monitoring water
aerodrome areas. The drone operator explained that drones have the ability to quickly detect incident
points, which is very important in emergency situations. In routine surveillance, drones allow drone
Operators to easily cover large areas in a short time. This results in significant time savings and
provides invaluable real-time insights to authorities.

However, nothing is perfect, and this interview also reveals some of the challenges drone operators
face. One of the main challenges is weather limitations. Drones cannot operate in bad weather
conditions, such as heavy rain or strong winds. This shows the need to have alternatives in situations
where the use of drones becomes impossible. This limitation also reminds us that decisions about

drone use must always consider changing weather factors.

Initial operational costs for drones are also an issue discussed. Drone operators need to face significant
costs related to training, licensing, and special equipment. However, most drone operators see this as
an investment that has the potential to provide long-term returns. Drone operators believe that drones
bring long-term benefits in terms of operational efficiency and increased safety. Apart from the
technical and operational aspects, there is also a psychological dimension to the use of drones. Some
drone operators expressed that they face psychological discomfort when viewing potential dangers or
incidents through the drone's eyes. This creates additional stress that operators need to deal with in
their work. This underscores the importance of training and psychological preparation for drone

operators.

In technological development, drones are currently equipped with advanced imaging capabilities, such
as thermal cameras. This enables faster detection in datk or obscure conditions, which is a valuable
asset in security surveillance. Operators feel that this technology helps them face complex challenges.

Another challenge is the limited flight duration. Drones have limited flight time before they must
return to base for battery recharging. This requires good operational planning to maintain continuity
of supervision. Careful regulation of drone flight time is important so that operations run smoothly.

Lastly, awareness of rules and regulations is an integral part of safe and legal drone operations. Drone
operators are strongly committed to complying with applicable regulations and maintaining operations
in accordance with legal requirements. This awareness indicates high professionalism and
responsibility in the job.
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From the results of this interview, it appears that the use of drones in monitoring the security of the
Pang-Pang Bay water aerodrome is a significant development that brings many benefits, especially in
terms of efficiency, fast response, and the ability to reach areas that are difficult to access. However,
drone operators also face challenges such as weather limitations, high initial operational costs, and
limited flight duration. Awareness of rules and regulations is also a key factor in maintaining safe and
legally compliant drone operations. These findings provide a strong foundation for the development
of better security monitoring strategies in Pang-Pang Bay.

Figure 1. Drone Operator

Ship's crew

The results of interviews with boat crews who are experienced in monitoring the security of the Water
Aerodrome area in Pang-Pang Bay reveal very valuable views and experience in the field of boat
operations to maintain water security. This view provides in-depth insight into the important role and

challenges faced by boats in carrying out monitoring duties.

One of the main points emphasized by the boat crew is the superiority of the boat in emergencies.
The boat crew highlighted that the boat has the ability to respond quickly in emergency situations and
provide immediate assistance to individuals in need of help. The speed of the boat and its ability to

respond to emergency situations, such as rescue actions, are invaluable assets in maintaining security.

Figure 2. Boat Operator

Additionally, the stability of the boat in bad weather was also a significant theme in these interviews.
The boat crew explained that the boat is more stable and can operate in less-than-ideal weather
conditions, including bad weather with high waves and strong winds. This provides additional
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flexibility and reliability in carrying out surveillance tasks, especially in waters that often face difficult
weather conditions.

However, there are also challenges faced by boat crews, including significant daily operational costs,
such as fuel costs, maintenance, and routine maintenance. While boats have the advantage of
reliability, these costs can be a burden in the long run.

The boat crew also stressed the importance of human interaction in monitoring. These crews consider
the ability to communicate directly with individuals on the water and provide physical assistance to be
an invaluable aspect of maintaining safety. Boats allow for close, direct human contact with individuals
on the water, something that drones often cannot achieve.

Overall, the results of interviews with boat crews provide an in-depth understanding of the role and
challenges faced by boats in monitoring security in Pang-Pang Bay. Excellence in emergency
situations, stability in bad weather, and the ability to provide physical assistance are key components
of this boat's role. Even though there are challenges such as daily operational costs, boats remain an
irreplaceable asset in maintaining water safety. These findings provide a solid foundation for the
development of better security surveillance strategies in Pang-Pang Bay, leveraging the strengths of
each tool and addressing existing challenges.

Tabel 1. Perbandingan Drone dengan Kapal

Theme Boat
Time Efficiency from % 240 (pp area)
preparation time -
implementation (minutes)
Response Speed (minutes) + 90
Coverage Area (hectares) 109 - 125
Operational Costs (Rp/year) Rp 67.200.000
- Ship preparation
- Fuel (BBM)

- Ship maintenance
- Ship steering services

Theme Drone
Time Efficiency from * 20 (pp)
preparation time —

implementation (minutes)

Response Speed (minutes) + 45
Coverage Area (hectares) 109 - 150
Operational Costs  Rp 18.000.000
(Rp/year)
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- Battery charging
- Maintenance

The data in this table are the average results of the measurements carried out in this research. This
provides an overview of the comparative performance of drones and boats in water aerodrome
security surveillance.

a. Time Efficiency: Drones take less time (average 20 minutes) to reach the intended location
and return to the starting point compared to boats (average 240 minutes). If you use a boat,
from first preparing the boat to reaching your destination takes around 2 hours. This process
takes about 1 hout to prepare the boat and about 40-50 minutes journey from the watet's edge
to the Water Aerodrome location. This shows that drones have an advantage in response time
efficiency.

b. Response Speed: Boats have a higher response speed (average 90 minutes) compared to drones
(average 45 minutes), indicating that boats can respond to emergency situations in rescue.
Meanwhile, drones respond more quickly in terms of surveillance.

c. Area Coverage: Drones are able to cover a larger area (average 109 - 150 hectares) compared
to boats (average 109 - 125 hectares). This shows that drones have advantages in wide-area
surveillance.

d. Operational Costs: Operational costs are an aspect to consider, and in this case, drone
operations show lower costs compared to boat operations. In using drones, the average annual
operational costs are around IDR 18,000,000, which includes costs such as battery charging
and routine maintenance. Meanwhile, operating a boat requires an average annual cost of
around IDR 67,200,000, which includes boat preparation, purchasing fuel, boat maintenance,
and boat steering services. This shows that the use of drones has significant advantages in
terms of operational cost efficiency.

Table 2. Combination of Use of Drones with Ships

Theme Drone Boat Combination
Time Efficiency from preparation % 20 (pp) T 240 (pp area) + 110 (PP focus
time — implementation (minutes) area)
Response Speed (minutes) T 45 90 T 60 (PP focus area)
Coverage Area (hectares) 109 - 150 109 - 125 109 - 150
Operational Costs (Rp/year) Rp 67.200.000  Rp 18.000.000 Rp 43.200.000

The combination of using boats and drones in monitoring the security of the water acrodrome area
in Pang-Pang Bay can produce time efficiency (= 110 minutes in the PP focus atrea), speed of response
(* 60 minutes in the PP focus area), and wide visual area coverage (109 - 150 hectares). In this
combination, drones provide fast response and a bird's eye view from above, while boats provide
physical action in emergency situations.
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In addition, using this combination can reduce operational costs significantly, with estimated annual
operational costs of IDR 43,200,000. Drones have lower operational costs than boats. Thus,
integrating boats and drones into security surveillance strategies can improve responsiveness and
operational efficiency while reducing costs. This combination creates a more comprehensive and
effective solution for maintaining the security of the water aerodrome area in Pang-Pang Bay.

Efficiency of Using Drones

The research findings confirm that drones make a significant contribution to increasing the
operational efficiency of security monitoring of the Pang-Pang Bay water aerodrome area. One of the
main advantages of drones is their ability to reach the incident point very quickly. This is due to the
mobility and speed that drones have in moving through the air.

Apart from that, drones also provide a broad view of the situation. With sophisticated imaging
equipment, such as thermal cameras, drones can collect real-time data from quite high altitudes. This
view provides a deep understanding of conditions on the ground, allowing officers to make the right
decisions in a short time. The freedom of drones to cover areas that are difficult to access is an
important aspect, especially in security surveillance involving large waters or remote areas.

Apart from the efficiency aspect, drones also bring benefits in the form of minimal risk for operators.
Drone operations are carried out remotely, meaning that operators do not have to be physically in
potentially dangerous locations. This provides additional safety and reduces the risk of injury or work
accidents. The drone's ability to operate in the air also minimizes the risk of collision with objects on
the water surface or other objects in the field.

In rapid response to emergency situations, drones have clear advantages. Drones can be launched very
quickly and provide much-needed initial visibility in emergency situations such as spotting or searching
for missing individuals. This can be the difference between life and death in many cases. However, it
should be noted that although drones provide many advantages, they also have limitations. One
significant limitation is the dependence on favorable weather conditions. Drones cannot operate
effectively in bad weather such as heavy rain or strong winds. Therefore, decisions regarding the use
of drones must always take into account changing weather factors. Overall, the efficiency of using
drones in monitoring the Pang-Pang Bay water aerodrome area. Drones provide significant benefits
in terms of fast response, area coverage, and minimal risk to operators.
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Figure 3. Mavic 3 Basic Drone

Efficiency of Boat Use

One of the main advantages of using a boat is the quick response in emergency situations. The boats
are equipped with equipment and personnel who are ready to respond to various types of emergencies
on the water. Boats can provide immediate assistance to individuals in need of assistance, such as in
the case of a rescue. The boat's ability to move on the surface of the water with high speed and stability
is a valuable asset in situations like this. The speed and mobility of the boat allow it to get to the scene
quickly, which can be the difference between safety and risk to life.

Apart from fast response in emergency situations, the stability of the boat in bad weather is also an
important point in this discussion. The boat has the ability to operate in weather conditions that do
not support the use of drones. For example, heavy rain or strong winds that might make it difficult
for the drone to fly will not significantly affect the boat. This creates additional reliability in conducting
surveillance operations, especially in areas frequently exposed to unstable weather.

However, as previously stated, no tool is perfect. The use of boats also has some limitations. One of
them is the limitation in covering large areas quickly, as can be done by drones. Drones can provide a
bird's eye view from a height in a short time, while boats may require more time to reach areas far
from the operators' home base.

In a comparative analysis of the use of drones and boats, it becomes clear that they have different and
complementary roles. Drones provide advantages in terms of fast response, wide area coverage, and
aerial views that are very useful in routine monitoring. On the other hand, boats have advantages in
emergency measures, speed, stability, and the ability to provide immediate assistance to individuals on
the water.

Thus, the efficient use of drones and boats in monitoring the Pang-Pang Bay water acrodrome area
must be based on operational needs, weather conditions, and available resources. A good decision will
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consider the advantages of each tool and minimize the challenges that may be encountered. The
combination of the two can provide a comprehensive solution to maintaining water security.

Figure 4: Seaplane landing at Pang-Pang Bay Water Aerodrome

Comparison of Performance Results

This research also compares performance results between the use of drones and boats. In this analysis,
several aspects are taken into consideration, including performance, response time, area coverage,
quality of data generated, and operational costs.

The results show that drones have advantages in faster performance and wider area coverage,
especially in routine monitoring. However, boats have the advantage of quickly responding to
emergency situations and providing immediate assistance. The quality of data produced by drones is
considered good, especially with advanced imaging technology such as thermal cameras. However,
boats remain a reliable option in bad weather. In terms of operational costs, drones have high initial
costs, while boats have daily operational costs related to fuel and maintenance.

CONCLUSION

In this research, the efficiency of using drones and boats in monitoring the Pang-Pang Bay water
aerodrome area has been analyzed in depth. In an ideal situation, the use of both can provide
maximum benefits in maintaining security and operations. However, decisions about use should
always consider factors such as weather conditions, operational needs, and resource availability.

This research underlines the importance of developing a comprehensive and integrated surveillance
strategy that utilizes the advantages of each tool to improve security and response to emergency
situations in the Pang-Pang Bay water aerodrome area. By understanding the crucial role of each tool
and combining them wisely, we can ensure that the water aerodrome area remains safe and operates
effectively in all conditions.
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