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In this research work we presents a full Python-based simulation framework for the prevention of mar-
itime Collision Prevention through the incorporation of advanced computational techniques. Along
with interactive game design principles. The current study explores that the novel approaches to deal
with its significant challenges in the maritime domain through a complex 2D ship Collision Prevention
simulation. It uses the cutting-edge technologies. Such as Pygame, advanced mathematical modeling,
and object-oriented programming. In order to establish a novel methodology in the analysis and miti-
gation of collision risks in maritime environments. Complex physical interactions are introduced in this
simulation framework using algorithms for the purpose of real-time collision detection and dynamic
visualization to simulate ship movement. The Ship class has a robust implementation and the advanced
mechanisms of the collision responses. A realistic maritime interaction dynamics model in particular
the event-driven architecture of a game and completes the package. The study throws light on the possi-
bility of enhancing maritime safety through paython based simulation computational methods. Further
it focusing on the important balance between technological innovation and human expertise. It will
open new avenues for future research in maritime safety as well in root optimization . Especially arti-
ficial intelligence , interactive computational modeling by providing a flexible and extensible platform
for collision avoidance analysis.

1. Introduction

Collision avoidance is one of the paramount issues in the
Ship collisions are a very critical problem of a maritime indus-
try and one of that has seriously threatened shipping and the en-
vironment, as well as people’s security. Global maritime of the
trade and the increase in the saturation of a main watercourses
have made this kind of incident happens more likely. Ship col-
lisions at sea remain an important issue for maritime industry,
which carries the widespread implications. According to a An-
nual Overview of the Marine Casualties and Incidents in 2023
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by the European Maritime Safety Agency that there are roughly
4,000 annual safety-related incidents. Although that there num-
ber is indicative of a reduced number of incidents from those of
the previous years hence the problem remains an ongoing chal-
lenge. These collisions between vessels result in an estimated
financial loss of the 20 billion to the maritime industry each
year in damages. Prolonged downtime for repairs, environmen-
tal degradation, supply chain disruptions, health and safety in-
cidents for crews, and erosion of trust among corporate stake-
holders heavily invested in seafarers [1].

Ship collisions stem from the diverse factors, including hu-
man error, machinery failures, and the adverse weather condi-
tions. There are sufficient evidence pointing to human error as
a prime cause of incidents in maritime industry. Investigations
for the safety done between 2014 and 2022 found that there was
an occurrence of human action. Which led to a accident events
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in 59.1 percentage, while a total of 50.1 percent of the con-
tributing factors were from human behavior. If its considered
together, when looking at both human action events and human
behavior contributing factors. The human element comprised
80.7 percent of marine casualties and incidents investigated in
this period. Overconfidence, recklessness in the response to the
commercial pressures, fatigue, and the lack of a sufficient ex-
perience and communication are found to be the leading factors
causes of proper obstacle avoidance. [1,3,8]

This distressing in statistic is the reflects a fundamental fail-
ure in the shipping industry. Especially given the expected
scarcity of senior and experienced officers on seafarers. An es-
timation by the ICS and Bimco in 2015 is expected to the reach
a shortfall of 96,000 seafarers by the year of 2026. In this light,
the challenge of the human element in the maritime incidents
points to the fact that much more needs to be done for strategic
measures. To control and prevent the human-related risks to be
an introduced with the aim of the improving general safety at
the sea.

Today companies should gradually introduce the new tech-
nologies such as robotics, artificial intelligence, and machine
learning to enhance performance. Such as reduce costs, and
thus be competitive in the market environment. The digitiza-
tion and competitive pressure changed the way businesses from
any sector are operated. The managed and organizations around
the world pay more attention to developing and introducing in-
novative technologies. So that they can be adequately adjust
their strategies [1,3,9].

For the last decade, there are newly created information
technologies and the increasing computational capacities en-
abled the creation of available conditions for the automation of
a marine navigation. Improvement of modern decision-support
systems of the maritime safety and collision prevention at sea.
The advent of Al and computer vision made the transforma-
tion of navigation-at-sea. Although it process a real possibil-
ity through modern assistance navigation systems. These sys-
tems are run by advanced complex algorithms to analyze vast
amounts of real-time data. Further it prioritize potential threats,
including vessel collisions, based on their risk levels and issue
timely alerts to the crew for preventive actions. [1,3] Source
(https://www.orca-ai.io/blog/role-of-advanced-ship
-collision-avoidance-systems/)

Having said that its very session to look collision avoidance
in the maritime operation system with Software-based collision
avoidance systems. Which is rely heavily on the accuracy and
reliability of data inputs. Technical failures cyber threats and
the data inaccuracies can be easily undermine the effectiveness
of these systems. Therefore there is a need for robust data ver-
ification mechanisms and redundant backup to the systems to
ensure system integrity. [1,2,3,5]

This involves in a delicate balance between the human fac-
tor and machine roles to be integrated in the particular software
systems. An overreliance on the automation may lead to com-
placency or even reduced situational awareness on the part of
vessel operators in very critical juncture. [1,2,3,7]

Proper training and human supervision are necessary for a
healthy human-machine interaction. [1]

Collision avoidance is of paramount importance to the mar-
itime safety is concern. Software integration offers various ad-
vantages: Example greater accuracy, predictive capabilities, and
automation. [1,3,5]

To effectively realize collision avoidance in the marine ves-
sels performance and maritime system, balance between software-
based systems and human expertise is to be achieved.

This article focus on a pioneering Python-based methodol-
ogy for addressing maritime collision prevention. Which em-
phasizing technological innovation in safety management sys-
tems.

2. Ship Class Design

Initially the code is establishes a comprehensive framework
for a 2D ship collision simulation with the sophisticated physi-
cal and interactive characteristics. [1,3,5]

Python is a high-level and versatile programming language
created by Guido van Rossum and first released in 1991.

The following three are the important package which will
helps to run our python code for collusion throughout this arti-
cle.

import pygame
import math
import random

Pygame: A powerful multimedia library that will enables
interactive graphical application. Development provides com-
prehensive tools for creating games, simulations. Also visual
interfaces with easy-to-use drawing and event-handling capa-
bilities.

Math Module: A built-in Python library offering advanced
mathematical functions which will help in the computational
capabilities enables complex numeric calculations and some of
the trigonometric operation. Precise mathematical transforma-
tions essential for scientific and engineering applications.

Random Module: A Python standard library that generates
the unpredictable numeric sequences. Its supports probabilistic
selections of facilitates creating randomized scenarios. Sim-
ulating the diverse of computational experiments, and its in-
troducing variability in algorithmic processes. These modules
transform Python from a basic of the programming language
into a powerful tool for the scientific simulation such as game
development, and complex computational modeling.

For the execution of our python code which is give in this
research article for collision we have used the Python 3.13, the
latest major release of the Python programming language, is
now available.

IDLE (Integrated Development and Learning Environment)
is Python’s default integrated development environment. Specif-
ically designed for beginners and professional programmers. It
provides a user-friendly interface for writing, debugging, and
executing Python scripts. With built-in features that simplify
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the coding process. All the python code was implemented in
IDLE only [2].

The Object-Oriented Programming Game Design Principles:

The Ship class is an advanced implementation of the game en-
tity modeling, which are useful in object-oriented programming
techniques at their best. It encapsulates spatial attributes (x, y
coordinates) physical properties (radius, mass), and dynamic
behaviors (movement, rendering). Which is to create a flexible
and extensible game object. The design allows for the complex
interactions through carefully defined methods that will enable
to manage both positional updates and visual representation.
Enabling the sophisticated game mechanics like collision de-
tection and health management. [4] Physics and Visualization
Simulation The class combines basic game the development
ideas by its combining physical simulation with graphical ren-
dering. The move() method implements basic kinematic prin-
ciples, allowing updates of position based on velocity, while
the draw() method uses Pygame to create the dynamic visual
representations. An innovative health bar mechanism that the
dynamically changes the color based on the current health of
status of the ship provides to real-time feedback. creating an
intuitive visual indicator that enhances the player’s understand-
ing of the game state. This approach shows how its logic pro-
grammed can be translated into meaningful visual experiences,
filling the gap between computational mechanics and user in-
teraction design. [2,4,6]

health_width * (self.health / 100),

health_height

)

pygame.draw.rect(screen,
health_color, health_rect)

import pygame
import math
import random

class Ship:

def __init__(self, x, y, color):
self.x = x

self.y =y

self.color = color

self.radius = 30

self.speed_x = 0

self.speed_y = 0

self.mass = 100

self.health = 100

def move(self):
self.x += self.speed_x
self.y += self.speed_y

def draw(self, screen):

pygame.draw.circle(screen,
self.color, (int(self.x), int(self.y)),
self.radius)

# Health bar

health_width = self.radius * 2

health_height = 5

health_color = (0, 255, 0) if
self.health > 50 else (255, 0, 0)

health_rect = pygame.Rect(

self.x - self.radius,

self.y - self.radius - 10,

3. Collision Physics in Game Mechanics

Advanced Collision Simulation Principles:

The calculate_collision_response() the function in a rich imple-
mentation of real-world physics simulation in the digital game
environments. With the incorporation of principles from elastic
collision mechanics. The Mathematical function models com-
plex interactions in terms of game objects. Which is consider-
ing one of the fundamental parameters such as mass and veloc-
ity as well as spatial positioning. The current implementation of
the extends its beyond the simple detection of the collision for
its. Dynamically determining precise exchanges of its own ve-
locity along with directional changes its required. That of pre-
cisely mirror fundamental principles of a conservation of the
momentum and energy transfers is observed in physical sys-
tems.

The Mechanics of Object Interaction The algorithmic na-
ture of the function that reveals complex mathematical-functions
that modeling of the object interactions through several key
computational strategies. Through the relative velocity of the
calculation that may lead to which is the method of determines
collision intensity and translates this into a damage mechanism
that which is proportionally impacts game object health. The
use of trigonometric functions which is essential in its such as
math.atan2() enables accurate angle calculations. Which can be
used to make subtle directional adjustments during collisions.
This approach creates a realistic simulation in a way which of
the object mass velocity and collision angle determine physical
interactions as a collective basis in it.

Adaptive Game Design and Physical Realism of The colli-
sion response mechanism is a sophisticated way of creating dy-
namic and responsive game environments under certain condi-
tion. The function uses that adaptive damage calculation which
will velocity exchange algorithms to create a flexible system
that can be handle various types of collisions. The overlap of
the separation technique with prevents objects from intersecting
with each other. Making it object interactions smooth and real-
istic. This bridges theoretical physics the principles with inter-
active game design. Creating a computational framework that
generates emergent behaviors and realistic physical responses
within the digital interactive systems. [6,8,9].

def
calculate_collision_response(shipl, ship2):

# Elastic collision physics

total_mass = shipl.mass + ship2.mass

# Velocity calculations

dx = ship2.x - shipl.x
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dy = ship2.y - shipl.y

# Angle of collision

angle = math.atan2(dy, dx)

# Damage calculation

relative_velocity = math.sqrt(

(shipl.speed_x - ship2.speed_x)**2 +

(shipl.speed_y - ship2.speed_y)**2

)

damage = min(relative_velocity * 5,
50)

# Apply damage

shipl.health -= damage

ship2.health -= damage

# Velocity exchange

shipl.speed_x, ship2.speed_x = (

(shipl.mass - ship2.mass) *
shipl.speed_x + 2 * ship2.mass * ship2.speed_x)
/ total_mass,

((ship2.mass - shipl.mass) *
ship2.speed_x + 2 * shipl.mass * shipl.speed_x)
/ total_mass

shipl.speed_y, ship2.speed_y = (

(shipl.mass - ship2.mass) *
shipl.speed_y + 2 * ship2.mass * ship2.speed_y)
/ total_mass,

((ship2.mass - shipl.mass) *
ship2.speed_y + 2 * shipl.mass * shipl.speed_y)
/ total_mass

# Separate ships to prevent sticking

overlap = shipl.radius +
ship2.radius - math.sqrt(dx**2 + dy**2)

shipl.x -= overlap * math.cos(angle)
/ 2

shipl.y -= overlap * math.sin(angle)
/2

ship2.x += overlap * math.cos(angle)
/2

ship2.y += overlap * math.sin(angle)
/ 2

face of the object. Computational Efficiency In terms of using a
single mathematical comparison problem, the algorithm yields
complexity. It provides for the O(1) time complexity, making it
quite efficient it be for real-time game mechanics. The approach
yields to a fast preliminary collision check that can be refined to
more complex collision response mechanisms. Thereby being
the ideal first-stage collision detection in the interactive digital
environments. [2,4,6]

def check_collision(shipl, ship2):

# Calculate Euclidean distance
between ship centers

distance = math.sqrt(

(shipl.x - ship2.x)**2 +

(shipl.y - ship2.y)#**2

)

# Collision detected if distance
less than combined radit

return distance < (shipl.radius +
ship2.radius)

4. Collision Detection

Geometric Collision Principles

The check_collision() function that uses a basic collision de-
tection algorithm based on the circular bounding volume prin-
ciples. The method of calculates the Euclidean distance be-
tween the two objects’ center points and compares it against
their combined radii, thus may providing an efficient and com-
putationally which will be lightweight mechanism for detecting
potential intersections in two-dimensional game spaces.

The collision detection relies on the distance formula de-
rived from the Pythagorean theorem [2,6].

This model assumes that object interactions by the means of
circular hitboxes. Therefore, it is a rather then simple yet be ef-
ficient collision model, balancing computational efficiency and
reasonable spatial approximation. It further assumes that circu-
lar symmetry and the equal sensitivity to collisions over the sur-

5. Game Loop and Interactive Simulation

Game Architecture and Event-Driven Programming

The main() function is a quite advanced in the implementa-
tion of an event-driven game architecture. Which contains the
core concepts of interactive software design. Pygame’s event
handling and the rendering mechanisms are used inside the func-
tion to create a dynamically computational environment. That
is going to be the processing user input and its out put as a up-
dating the game’s state and managing its visual rendering. The
organized of a the game loop is a certainty clear example of a
classic real-time interactive system model. Moreover input pro-
cessing, physics simulation, and rendering the occur in sync the
form of cyclical order [2,6].

Input Management operation and User Interaction of the
Dynamics code demonstrates complex input. Which is han-
dling by accurately processing of keyboard events.

Using pygame.key.get_pressed(). The function allows for si-
multaneous multi-key optional interactions and thus allowing
for the subtle player control over the game entities. The control
scheme for two ships with a different movement under different
conditions vectors is a good example of complex user interac-
tion. As it allows significant players to have detailed movement
while maintaining a consistent and intuitive control mechanism.

Physics Simulation and Collision Mechanics which is very
essential in the game of a loop integrates in complex physical
interaction phenomena. This models through systematic col-
lision its detection and response algorithms. The system con-
tinuously checks for intersections between game objects and
dynamically whether the calculates collision of outcomes for
consistence progress. Thus creating an emergent gameplay for
experience in where player actions directly to influence by a
game state. Health reduction of velocity in way into exchange
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and its separation mechanisms are demonstrated. As a sophis-
ticated approach to simulating physical interactions within lim-
ited a computational environment.

State Management and Game Termination Conditions of
The function is implemented with the state management of strate-
gies robustly by checking its game into conditions and termina-
tion scenarios in its own way. In this condition mechanism is an
elegant method of evaluating the ship on its own health to de-
clare a winner of its own. The design allows a dynamic control
of the game flow, where will be enabling seamless transitions
from active game play to end-state the scenarios while offering
clear feedback to the player. [2,4,6].

The rendering of its pipeline in a demonstrates way to crit-
ical game development of principles in this efficient screen up-
dates and frame rate management. By utilizing clock.tick(60),
way to the function ensures that consistent 60 framesper-second
performance. Which creating a smooth visual experience for
better performance. The systematic screen clearing such as its
object drawing and display update processes illustrate best way
to practices in graphics rendering. Therefore balancing com-
putational efficiency with visual responsiveness. The modular
design its allows for this easy to extensibility and provides a
robust framework for more complex game mechanics. [4,6,7]

def main():
pygame.init ()
screen =
pygame.display.set_mode((800, 600))
pygame.display.set_caption("Advanced,,
Ship,Collision;,Simulation")
font = pygame.font.Font(None, 36)
shipl = Ship(200, 300, (255, 0, 0))
# Red ship
ship2
# Blue ship
clock = pygame.time.Clock()
running = True

Ship(600, 300, (0, 0, 255))

while running:

for event in pygame.event.get():
if event.type == pygame.QUIT:
running = False

keys = pygame.key.get_pressed()

# Ship 1 controls

shipl.speed_x = shipl.speed_y = 0
if keys[pygame.K_al:
shipl.speed_x = -3

if keys[pygame.K_d]:
shipl.speed_x = 3

if keys[pygame.K_w]:
shipl.speed_y = -3

if keys[pygame.K_s]:
shipl.speed_y = 3

# Ship 2 controls

ship2.speed_x = ship2.speed_y = 0
if keys[pygame.K_LEFT]:
ship2.speed_x = -3

if keys[pygame.K_RIGHT]:

ship2)

ship2.speed_x = 3

if keys[pygame.K_UP]:
ship2.speed_y = -3

if keys[pygame.K_DOWN] :
ship2.speed_y = 3

shipl.move ()

ship2.move ()

# Collision detection and response
if check_collision(shipl, ship2):
calculate_collision_response(shipl,

print(£"Collision! ;Shipl Health:

{shipl.health}, Ship2 Health: ,{ship2.healthl}")

<= 0:

# Game over conditions
if shipl.health <= 0 or ship2.health

winner = "BlueShip" if shipl.health

<= 0 else "Red;Ship"

text = font.render (f"{winner}

Wins!", True, (255, 255, 255))

screen

screen.blit(text, (300, 250))
pygame.display.flip()
pygame.time.wait (2000)
running = False

screen.fill((0, 0, 0)) # Clear
shipl.draw(screen)
ship2.draw(screen)

pygame.display.flip()
clock.tick(60)

pygame.quit ()

if __name__ == "__main__":
main()

Figure 1: Advanced Ship Collision Simulation




Manivannan M. et al. / Journal of Maritime Research Vol XXIII. No. I (2026) 344-349 349

6. Conclusion

The advanced ship combat simulation demonstrates a ex-
cellent sophisticated approach to interactive game mechanics.
Which showing how a complex physical interactions can be
modeled through computational techniques which is very cru-
cial also its essential too. Precise movement such as collision
detection and damage mechanisms implemented in the simula-
tion create an engaging environment that in a mimics real-world
combat dynamics. The developed system that reveals the in-
tricate balance between player control for some extent spatial
awareness and also strategic decision-making. Through care-
fully designed proximity interactions which will be hit by de-
tection and health management. Finally this simulation offers a
nuanced framework for understanding emergent behavioral pat-
terns in a way constrained interaction spaces. The work reveals
most possibility of event-driven programming to create respon-
sive and its dynamic game environments. With pygame’s ren-
dering and event is a handling abilities of the simulation can be
demonstrates that sophisticated game mechanics can be imple-
mented with relatively minimal overhead in computation point
of view.

The graphical representation of the ship combat simulation
provides a dynamic and its intuitive visualization of complex
interaction mechanics. The screen displays two ships repre-
sented as of colored circles (red and blue), with their positions
dynamically updated based on player input. The health bar and
positioned above each shi where its serves as a real-time indi-
cator of the ship’s current status, changing color from green to
red as the health decreases, offering immediate visual feedback
about the combat progression which is significantly shown in
this paper .

The simulation’s graphical interface incorporates several so-
phisticated visual of its elements that enhance user understand-
ing. When a ship initiates a hit action, a yellow circular out-
line appears around the ship which will indicating its active hit-
ting state. The background of its rendered in a deep blue-black
gradient, provides a contrasting canvas that highlights the ship
movements and interactions. As a ships exchange hits and their

health bars dynamically shrink, creating a visual narrative of
the combat progression. The game concludes by which a cen-
tered text announcement of a declaring the winner and trans-
forming the computational mechanics into an engaging visual
storytelling experience.

7. Future Research Directions

Future research shall be expand to the complexity of simu-
lation with more advanced physics models. Even in particular
machine learning-based predictive mechanisms, and adaptive
Al behaviors. This would include neural network-driven op-
ponent strategies which is more sophisticated collision detec-
tion algorithms. Further more nuanced environmental interac-
tions. The next wave of research should cover the intersection
of game design as well as its computational physics and artifi-
cial intelligence for some extent. Developing a more realistic
damage models would be of interest followed by the creation
of context-sensitive interaction. The mechanics and real-time
learning adaptive would be systems based on player behavior.
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