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Abstract

Information and communication technology is currently very important in the defense field, including in the
development of tactical object monitoring systems for defense operations. One approach used is to apply the
concept of object-oriented programming OOP using the Python programming language. This research uses data
processing methods using the Python programming language with the help of Google Colab. In its
implementation, this research creates two main classes, namely the Sensor Class and the Tactical Map Class.
The Sensor Class functions to represent physical sensors in code form, with attributes of identity, location, and
sensor status. The Tactical Map class serves as a representation of a tactical map used to manage and visualize
objects, such as sensors, within a certain area. The development of a defense operation tactical object monitoring
system by applying OOP concepts using the Python programming language has several benefits, such as easier
system setup and maintenance, as well as the development of new features without disrupting existing functions.
The application of OOP concepts using the Python programming language can be one of the effective approaches
in developing a tactical object monitoring system for defense operations. This approach can improve the
efficiency and effectiveness of military operations by utilizing modern technology, as well as provide various
benefits in terms of system setup, maintenance, and development.
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INTRODUCTION

The development of information and communication technology today has had a
significant impact on various fields, including defense. In the modern context, military
operations no longer rely solely on physical force or heavy equipment, but also on technological
capabilities to manage data, improve efficiency and respond quickly to threats. One important
application of technology in military operations is tactical object monitoring systems, which are
used to support strategic decision-making. Research shows that artificial intelligence (Al)
technology has accelerated innovation in military theory, creating major changes in the form and
mode of warfare (Wang et al., 2020) Therefore, research on the application of advanced
technologies such as Object-Oriented Programming (OOP) in military tactical monitoring
systems is urgent to explore in order to face modern challenges and improve the effectiveness of
military operations.

Many studies have identified the important role of technology in military operations, but
there is still a gap in the application of OOP-based approaches to improve system modularity
and security. (Gao et al., 2019) (Ergenc et al., 2023) (Zhang et al., 2019) discussed defense
strategies in three different scenarios, but they have not explored the application of OOP-based
technologies to overcome these limitations. (Billing et al., 2021)(Friedl, 2018) (Stevanoski et al.,
2016) Emphasized the need for research on military human performance capable of adapting to
new technologies, but this study lacks highlighting the role of tactical monitoring systems in the
context of OOP. Research by (Zhou et al., 2021) shows that OOP has great potential in software
development, but its implementation in military systems is minimal. Therefore, there is an urgent
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need to integrate OOP concepts such as encapsulation in military systems to address security and
operational efficiency challenges.

Within the theoretical framework, OOP is considered the dominant paradigm for the
development of large and complex information systems (Yelamali & Beelagi, 2021)(Elrad et al.,
2001)(Korson & McGregor, 1990). Explains that key OOP concepts, such as classes and
encapsulation, allow developers to hide implementation details, which in turn increases system
modularity (Gomes et al., 2019) (Snyder, 1986) (Lieberherr & Holland, 1989). In addition,
Python as one of the popular programming languages has been recognized for its ability to handle
big data and support the development of analytical tools for machine learning (Butwall et al.,
2019) (Stancin & Jovic, 2019). However, the application of Python in the development of OOP-
based military systems is still rarely explored. (Reitenbach, 2022) (Chmielewski et al., 2019)
(Reefe et al., 2022). Research also shows Python's potential in making math more interactive,
which can be applied in the development of tactical monitoring algorithms.

Some previous research lacks an integrated solution for military tactical monitoring
systems. For example, (Lian et al., 2022) discussed the importance of OOP in the modern
software industry but did not highlight the defense aspect. The research of (Wang et al., 2020)
focused more on Al in warfare without explaining how Al can be combined with OOP. The study
by (Snyder, 1986) highlights the benefits of OOP in problem solving but does not present its
practical application in military systems. These gaps indicate the need for research that integrates
OOP theory, Python, and tactical monitoring technologies to provide concrete solutions that can
be directly applied in the defense field. Previous studies have made important contributions to
understanding the role of technology in military operations, but have focused less on the specific
integration between OOP, Python, and military systems. Studies such as (Billing et al., 2021)
emphasize the need for adaptive research development, but lack practical software-based
solutions. (Zhou et al., 2021) pointed out the general benefits of OOP, but did not investigate
how it can be used to strengthen defense systems. Thus, this research attempts to fill the void by
offering a new framework that integrates OOP theory, Python capabilities, and military tactical
needs. Optimal defense strategies in object protection scenarios, relevant to the context of tactical
object monitoring (H. Wu et al., 2019). The application of virtual sensors and their integration
in Al-based monitoring systems is closely related to the concept of Sensor Class (Listewnik et
al., 2021). This research aims to develop a tactical object monitoring system in military
operations by using the concept of encapsulation in OOP and Python programming language.
How the application of Python-based OOP can improve system efficiency and reliability by
utilizing features such as modularity, data security, and continuous development capabilities.
The results of this research are expected to contribute to developing more adaptive and effective
military technologies.

RESEARCH METHODS

With the aim of simulating the monitoring of objects in the field of defense operations
using sensors and maps, this research uses data processing methods using the Python
programming language with the help of Google Colab. Python is a programming language with
simplicity and abstraction, which brings it to the top of the list (Ramon-Cortes et al., 2020)
Google Colab is used for training and testing algorithm-focused models (Chang & Zhang, 2022).
Python is known for its flexibility, supporting various programming paradigms including object-
oriented, imperative, and functional programming. Python is also open-source, so it has a very
active community that is constantly developing and updating various packages and libraries,
which makes it a powerful tool for a wide range of applications, from simple scripting to complex
application development (Carneiro et al., 2018) (J. & V., 2021).
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Figure 1. Framework Model
RESULT AND DISCUSSION

Creating a Sensor class in programming with Python is part of applying the concept of
Object-Oriented Programming (OOP). The Sensor class is a representation of a physical sensor
in code form. Virtual sensors can overcome limitations in physical sensor data integration,
improve Al-based information systems and digital twinning (Martin et al., 2021). Object-
oriented programming using Python involves the basic grammar of the language and basic OOP
knowledge and skills (Y. Wu, 2019). The Sensor class serves as a blueprint or template for
creating sensor objects that can be used in simulations or real applications, such as monitoring
or surveillance systems.

0 class Sensor:
def init__(self, id, location, status=True):
self._1d = id
self._location = location
self._status = status

det activate(self):
self._status = True

def deactivateiselfl:
self._status = False

def get_status(self):
Feturn self._status

def get_lecation{self):
return self._location

def get_id{self):
return $elf,_id

def _ str__(self):
return "Sensar{ID: {self._fid}, Location: {self._loecation}, Status: {'Active’ Iif self._status else "Inactiwe"})™

Figure 2. Creating a Sensor

The code above defines a class called Sensor in Python that represents a sensor with
identity (_id), location (_location), and status (_status) attributes. The  init  constructor
initializes these three attributes when the sensor object is created, with a default state of active
(True). This class provides methods to activate and deactivate the sensor, as well as methods to
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get the status (get_status), location (get location), and sensor ID (get id). The str  method
overrides the string representation of the sensor object to display the sensor ID, location, and
status information in an easy-to-read format. This class encapsulates sensor information and
behavior, providing an efficient way to manage the status and location of sensors in a system.

Creating a Tactical Map class serves as a representation of a tactical map used to manage
and visualize various objects, such as sensors, in a given area. The Tactical Map class is a
blueprint for creating map objects used in simulation or tactical monitoring and analysis
applications. Blueprint creation is a four-stage process that identifies key knowledge and skill
domains, assesses objectives, determines assessment methods, and allocates emphasis to each
domain (Raymond & Grande, 2019). Using the Tactical Map class, we can create dynamic and
interactive tactical maps, which can be used in a variety of applications, from military monitoring
to security surveillance systems. This class makes it possible to manage and visualize sensor data
in a geographical context, supporting better analysis of the situation on the ground.

© class TacticalMap:
def init__{self, map_sizel:
self,_map_size = map_size
self.sendors = []

def add_sensor{self, sensar):
self,sensors. append (sensor)

def remove_sensar{self, sensor_id)e
self,.sensors = [sensor for semsor im self.sensors if sensor.get_id s sensor_id]

def get_active_sensors{self):
rEturn [senser Tor sensor im self.sepsers if senser.get_status()]

def display piselt):
for sensar im self.sensors:
print (sensaor)

Figure 3. Creating a Tactical Map

The code above defines a class called TacticalMap in Python that manages sensors in a
tactical map. The class has an __init _ constructor that initializes the map size (_map_size) and
an empty list of sensors that will hold the sensor objects. The add_sensor method is used to add
new sensors to this list, while remove sensor removes sensors based on the given ID. The
get_active_sensors method returns a list of currently active sensors by checking the status of
each sensor, and the display map method prints the information of all sensors on the map by
iterating over the list of sensors. This class provides a basic structure for sensor management in
the context of a tactical map, allowing users to add, remove, and monitor the status of existing
Sensors.

Implementation is the stage where an idea or plan is put into action, while testing is the
process of ensuring that the results of the implementation are as expected and error-free before
the product or system is widely used. Implementation strategies are defined and implemented to
overcome barriers with a focus on testing their effectiveness in research trials. The test strategy
focuses on formulating and executing a test plan that meets the established objectives, taking
into account factors such as test priorities, objectives, and product identification and availability.
The goal of implementation is to realize the technical and functional specifications that have
been designed to make the product or system operate properly. Testing involves various
techniques and methods to detect bugs, ensure system performance, test reliability, and evaluate
overall product quality (Kirchner et al., 2020).
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[ 1 # Membuat sensor
sensorl Sensor(id=1, location=(5.888,95.317))
sensor? Sensor(id=2, location=(—-5.423,128.333), status=False)
sensor3 Sensor(id=32, location=(—8.467,146.399))

# Membuat peta taktis
tactical_map = TacticalMap(map_size=(10a, 10a))

# Menambahkan sensor ke peta

tactical_map.add_sensor{sensorl)
tactical_map.add_sensor(sensor2)
tactical_map.add_sensor(sensor3)

# Menampilkan informasi semua sensor di peta
print("Semua Sensor di Peta:")
tactical_map.display_map()

# Mengaktifkan sensor kedua
sensor2.activate()
sensorl.deactivate()

Figure 4. Implementation and Testing Sensor

# Mendapatkan daftar sensor yang aktif
print("\nSensor yang Aktif:")
active_sensors = tactical_map.get_active_sensors()
for sensor in active_sensors:

print({sensor)

# Menghapus sensor pertama
#tactical_map. remove_sensor({sensor_id=1)

# Menampilkan informasi semua sensor di peta setelah penghapusan
print("\nSemua Sensor di Peta Setelah Penghapusan:")
tactical_map.display_map()

Figure 5. Implementation and Testing Sensor and Tactical Map

The code above shows the implementation of using the 'Sensor’ and ‘TacticalMap
classes to manage sensors in a tactical map. First, three sensor objects are created using the
‘Sensor” class, each with an ID, geographic location, and status (active or inactive). The first and
third sensors are initialized as active by default, while the second sensor is initialized as inactive.
After that, a "TacticalMap’ object is created with the specified map size. The three sensors are
then added to the tactical map using the ‘add sensor’ method. Next, the information of all the
sensors present on the map is displayed using the “display map" method, which prints the details
of each sensor. The initially inactive second sensor is then activated, while the first sensor is
deactivated using the "activate” and "deactivate” methods respectively. The list of currently active
sensors is retrieved using the "get active sensors’ method, and the details of those sensors are
displayed. At the end of the code, there is a commented section to remove the first sensor from
the map using the ‘remove sensor’ method. After that, the information of all sensors on the map
is again displayed to show the status of the map after deletion. This code. illustrates how sensors
can be dynamically managed in a tactical map, including adding, removing, and managing sensor
status.

Advanced Instruction refers to additional directions or commands given after basic
instructions have been delivered. Instruction tuning models can achieve comparable performance
to original instructions, even with simplified task definitions and misleading examples, which
highlights the need for more reliable methods and evaluation [29] Typically, these advanced
instructions are needed to clarify, expand, or detail the actions to be performed in order to achieve
the desired results. Follow-up instructions are essential to ensure that all the steps are followed
and that the task is completed efficiently and in accordance with the set objectives.
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5% Semua Sensor di Peta:
Sensor(ID: 1, Location: (5.888, 95.317), Status: Active)
Sensor(ID: 2, Location: (-5.423, 120.333), Status: Inactive)
Sensor(ID: 3, Location: (-8.467, 140.399), Status: Active)

Sensor yang Aktif:
Sensor(ID: 2, Location: (-5.423, 120.333), Status: Active)
Sensor(ID: 3, Location: (-8.467, 140.399), Status: Active)

Semua Sensor di Peta Setelah Penghapusan:

Sensor(ID: 1, Location: (5.888, 95.317), Status: Inactive)
Sensor(ID: 2, Location: (-5.423, 120.333), Status: Active)
Sensor(ID: 3, Location: (-8.467, 148.399), Status: Active)

Figure 6. Advanced Instruction

The output generated from the code shows the various states and conditions of the sensors
managed in a tactical map. At the initial stage, the information of all sensors on the map is
displayed. Three sensors are displayed with their ID, geographic location (in coordinates), and
status. The first and third sensors are in the active state, while the second sensor is in the inactive
state. After that, the second sensor is activated, and the first sensor is deactivated through the
methods available in the "Sensor” class. The list of active sensors is then displayed, showing that
the second sensor is now active along with the third sensor. However, no sensor deletion occurs
at this stage, so when all the sensors on the map are displayed again after the state change, the
first sensor is still present but in an inactive state, while the second and third sensors remain
active. This code illustrates how sensors on the map can be dynamically manipulated, including
the activation and deactivation of sensors, and how these changes are reflected in the overall map
display. The results shown by this code are a concrete example of how sensor information can
be managed and monitored in a Python-based application.

import follium

# Create a map centered at the middle of the tactical map
map_center = [tactical_map._map_size[@] / 2, tactical_map._map_sizel[l] / 2]
my_map = foliwm.Map(location=map_center, zoom_start=18a)

# Add markers for each sensor
for sensor in tactical_map.sensors:
location = sensor.get_location()
tooltip = f"Sensor {sensor.get_id()}"
icon_color = “green" if sensor.get_status() else “red"
folium.Marker{location=location, tooltip=tooltip, icon=folium.Icon(color=icon_color)).add_toi{my_map)

# Display the map
my_map

Figure 7. Result

Use the ‘folium’ library to visualize the positions of sensors in the tactical map on an
interactive map. The first step in the code is to create a map centered on the midpoint of the
tactical map (‘map_center’), which is calculated based on the map size ("_map_size"). This map
is initialized with an initial zoom of 10, giving a fairly wide view of the map. Once the map is
created, the code then adds markers to the map for each sensor in the ‘sensors’ list of the
“TacticalMap" object. The location of each sensor is retrieved using the “get location()’ method,
and each marker is given a tooltip indicating the sensor ID. The color of the marker icon is set
according to the sensor status: green (‘green’) is used for active sensors, while red (‘red") is used
for inactive sensors. These markers are then added to the map using “folium.Marker'. The end
result is an interactive map that displays the position and status of each sensor on the tactical
map. The user can see the location of the sensor on the map and easily identify its status based
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on the color of the icon. This map is useful for providing a more intuitive and understandable
visualization of the distribution and condition of sensors in an operational area, especially in the
context of monitoring or tactical operations.

i°]

©

Figure 8. Interactive Map of Indonesian Territory

The image shows an interactive map covering Indonesia, with markers placed at strategic
locations. The map was created using the “folium™ library in Python, which allows interactive
visualization of spatial data on top of a base map taken from OpenStreetMap. On the map, there
are three markers indicating the location of sensors with different statuses. The first red marker,
located in Banda Aceh, indicates that the sensor at that location is inactive. The other two green
markers, located in Kendari and near the Papua New Guinea border, respectively, indicate that
the sensors in those locations are active. This map provides a clear visual representation of the
distribution and status of sensors over a wide area. The color of the icons gives an immediate
indication of the operational status of each sensor: green for active sensors and red for inactive
ones. With this interactive map, users can quickly understand field conditions and make
decisions based on the information presented visually. This implementation is particularly useful
in tactical or military monitoring scenarios, where sensor placement and status can affect
operational response and strategy. The map makes it easy to identify areas that need more
attention, such as areas with inactive sensors, so that corrective actions or strategy adjustments
can be made immediately.

CONCLUSION

The application of the Object-Oriented Programming (OOP) concept using the Python
programming language has proven effective in building a tactical object monitoring system to
support defense operations. This system was developed by utilizing two main classes, namely
Sensor and TacticalMap, which each represent a physical monitoring device and a tactical map
for visualization and sensor management. The use of OOP allows the compilation of a modular
system, easy to maintain, and flexible in developing additional features without disrupting
existing functions. In its implementation, sensors can be dynamically activated, deactivated,
added to, or removed from the tactical map. These functions are controlled through structured
methods in each class, so that interactions between objects become more efficient.

Interactive map visualization using the folium library is an advantage in itself, as it presents
spatial data in a visual form that is easy to understand. In the resulting map, sensor status is
displayed using colored icons—green for active and red for inactive—which provide a clear
picture of the monitoring situation in the operational area. Overall, this study shows that the

2550

https://ijhess.com/index.php/ijhess/


mailto:editorijhess@gmail.com

International Journal Of Humanities Education And Social Sciences (IJHESS) E-ISSN: 2808-1765
Volume 4, Number 6, June 2025, Page. 2544 - 2553
Email : editorijhess@gmail.com

application of Python in an object-oriented approach has great potential to support modern
defense systems, especially in the context of tactical object monitoring. This technology not only
improves the efficiency of information management but also strengthens the real-time analysis
and decision-making capabilities in military operations. With its flexibility and scalability, the
system can be further developed to include advanced features, such as real-time sensor
integration or artificial intelligence, to meet future defense challenges.
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