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Abstract: This paper provides an in-depth analysis of innovative battle system design strategies in video
game development, focusing on the use of advanced algorithms and industry best practices. Research focuses on
creating dynamic and engaging player-versus-environment encounters by exploring the implementation of various
algorithms, such as finite state machines and behavior trees, to design responsive and intelligent behavior of non-
player characters (NPCs). The study carefully examined the theoretical basis and practical application of these
algorithms in the development of combat mechanisms with the aim of improving player immersion and difficulty.
Using modern programming techniques and computational models, this paper presents a holistic approach to
building combat systems that facilitate complex interactions and facilitate immersive gaming experiences.
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INTRODUCTION

Developing a system for interaction between the player and the game environment is a key
aspect of creating an exciting and engaging gaming experience. In the context of the game
"Eternal Vigil," this system plays a crucial role in determining how players interact with the
world around them, solve puzzles, overcome obstacles, and progress in the game. This report
examines the advantages and disadvantages of developing such a system by analyzing how it
affects the gaming experience, technical requirements, and creative possibilities for developers.
Understanding these aspects is essential for achieving a balanced and satisfying gaming
experience that keeps players' attention and contributes to the game's success in the market.

17 This publication reflects research from the scientific project 23-FPNO-02 "Investigation of effective
knowledge management mechanisms applied in software engineering when creating projects with Agile
methodologies" - of the "Scientific Research" fund of Ruse University "Angel Kanchev", 2023.
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EXPOSITION
Nature of the Game Environment

The game environment represents the virtual world in which players interact, perform
tasks, and experience the story of a given game. It includes various elements such as graphics,
sounds, physics, rules, and game mechanics. The game environment is the core of the gaming
experience as it defines the context in which players act and react (Fig. 1) [2], [3], [4], [5], [6]-
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Fig. 1. Game Environment

Main Components of the Game Environment:

1. Graphics and Visual Elements:
a. Textures and Models: These components create the visual appearance of objects,
characters, and locations in the game (Fig. 2).
b. Lighting Effects: They add realism and atmosphere by influencing the perception of
objects and spaces.
c. Animations: The movements of characters and objects that bring the game world to
life (Fig. 3).

Fig. 2. Spider Model Fig. 3 Animation Execution

2. Sound Elements:
a. Background Sounds and Music: They complement the atmosphere and enhance the
emotional impact of the game environment.
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b. Effects: Sounds that are triggered by specific actions or events such as footsteps,
gunshots, or conversations.
3. Physics and Simulation:
a. Laws of Physics: The rules that determine how objects move and interact with each
other in the game world.
b. Collisions: Define how objects collide and react to contact (Fig. 4), with part of the
program implementation shown in (Fig. 5).
4. Interactive Elements:
a. Interactive Objects: Elements of the environment with which players can interact,
such as doors, switches, collectable items, and NPCs (non-player characters).
b. Scripts and Events: Programmed actions and reactions that are triggered under certain
conditions or events [8], [9].

Fig. 4. Colliders of a Game Object

Principle of Operation of the Combat System in "Eternal Vigil'":

The combat system in the game is built on two main types of attacks: close-range attacks
and long-range attacks. Each of these categories has its own separate mechanics for checking and
dealing damage. The systems are written in C#, which is supported by Unity as a scripting
language [3], [5], [7].

{

OnTriggerStay(Collider other)
1£(m_OwnerCharacter PlayerCharacter)
: Vecter3 hitPlace other.ClasestPoint(transform. position);
Onitit?. Invole(other. gamedbject, hitPlace);
e if (Tise.time o_LastReportTise > u_ReportDelay)

u_LastReportTise Time tise;

Vecter3 hitPlace other.ClesestPoint(transform.position);
Oritit? . Invoke(other.gaselbject, hitPlace);

OnTriggerfnter(Collider other)
if (m_OwmerCharacter PlayerCharacter)

Vecter3 hitPlace other. ClesestPoint(transform. position);
OnMit?. Invoke(other.gamelbject, hitPlace);

if (Time.tine - s _LastReportTine > m _RoportDelay)

a_LastReportTise Tise tise;

Vectord hitPlace othar.ClesestPoint(transform. position);
Onitit?. Invoke(other. gaseObject, hitPlace);

Fig. 5. Code Showing Collision Check for Melee Weapon

156 Copyrights© 2024 ISBN 978-954-712-951-1 (Print); e-ISBN 978-954-712-952-8



63" Annual Scientific Conference - University of Ruse and Union of Scientists, Bulgaria, 2024

Close-Range Attacks:
Close-range attacks include strikes with weapons or other means that require direct contact
with the target. This system works as follows:

Collision Check:
e Colliders are invisible geometric shapes attached to objects in the game used to detect
collisions (Fig. 4).
e For each frame of the game, it is checked whether the collider of the weapon the
player is using collides with the collider of the target object (Fig. 5).
Dealing Damage:
If a collision is detected between the weapon's collider and the target's collider, the
corresponding damage is dealt to the target object.
Long-Range Attacks:
Long-range attacks involve the use of weapons or abilities that can hit targets from a
distance, such as arrows, bullets, or magical projectiles. This system works as follows:

Projectile Tracking:

e When a long-range projectile is fired, it travels through the game environment until
it hits an object (Fig. 6).

Initialize()

Initialize();
transform. TryGetComponent<RFXS_EffectSettings>( o _EffectSettings);

if (gamelbject. TryGetConponent InChildrendRFX4_PhysicsMotion>( m_PhysicsMotion))
{

u_PhysicsMotion.OnTrigger TriggerEntered;

a_PhysicsMotion.OnCollision = CollisionEntered;
}

if (gameltject . TryGetComponant InChildroniF Xy _RaycastCollision>( =_RaycastCollision))
{

a_RaycastCollision OnRaycastiit += CollisionEntered;

#_RaycastCollision. OnRaycastiitMultiple += CollisionEntered;
}

if (gameObject.TryGetComponentInthildren<ifXl_TransformMotion>( u_TransforsMotion))
{
a_TransforaMotion . OnCollision += CollisionEntered;
}
}

MobCharacter FindClosestEnesy(Vectord shootingPlacePos)
{
RobCharacter closestMob
closestDistance MaxValue,

vach ( mod in MobManager.Get.GetMobs)

distance (shootingPlacePos sob . transforw. position) . sqritagaitude

if (gistance < closestDistance AL distance <= 56f)
{

clesestMod = mob;

clesestDistance = distance;

}

oturn closestMob;

Fig. 6. Code Showing Collision Check for Long-Range Weapon

Collision Check:
e When the projectile hits an object, it is checked whether this object is a monster or
another target object (Fig. 6).
Dealing Damage:
e If the object hit is a monster, it is considered a successful collision, and the
corresponding damage is dealt to the monster (Fig. 6).
Tower System:
One of the most important aspects of the tower system is to check whether there are objects
within the tower's range so that it can effectively attack enemies. This check involves finding
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enemies within a certain radius around the tower and calculating the distance from the tower to
each enemy. If the enemy is within range, the tower can start attacking.
e Determining the Tower's Range Radius: The tower's range is set by a variable
representing the maximum distance at which the tower can detect and attack enemies.
e Jterating Over All Enemies: For each enemy in the game, the distance from the
tower's position to the enemy's position is calculated (Fig. 7).
e Distance Calculation: The distance is calculated using the sqrMagnitude method or
by using squared distances for more efficient comparisons.

MebCharacter FindClosestEnemy()
MobCharacter closestMob -
clesestDistance L. RaxValee;
rasgesSgqr » Range * Range,
oach ( sod in MobManager.Got.GetMebs)
distance (transform.position »ob . transforw. position) . sqritagnitede;

if (distance < closestDistance &L distance < rangesSsr)

closestMod mob;
closestDistance = distance;

ListMobOharacter> FisdAllEneaies()
ist<FodCharacter> sobsInRange Q;
rangesqr Range *» Range;

foreach ( sod in MobManager. Get.GetMebds)

if (mob ! &5 (eod.transform.position - transforw.position).sqriftagnitude < rangeSqr)
{

sobsInRange Add(sod);
}

Fig. 7. Methods for Finding the Closest and All Monsters within Tower Range

The sqrMagnitude method in Unity is a property of the Vector2, Vector3, and Vector4
classes. It is used to calculate the square of the length of the vector, which is more efficient than
directly calculating its length with magnitude. This method is useful when comparing distances
without performing the square root operation.

Pathfinding System for Game Units:

The way the closest path to a given object is determined is done through the A* algorithm,
which works on the principle of graph search. It uses a combination of two functions: a function
for estimating the distance from the starting point to the current point (often called g) and a
function for estimating the distance from the current point to the final goal (called h). Combining
these two functions helps the algorithm choose the most efficient path [1].

CONCLUSION

Developing a system for interaction between the player and the game environment in the
game "Eternal Vigil" presents numerous challenges and opportunities for innovation in the field
of video games. The main advantages of implementing such a system include enhancing realism
and player engagement through the use of modern algorithms such as finite state machines and
behavior trees. These algorithms allow the creation of intelligent and dynamic behavior of non-
player characters (NPCs), leading to a more interactive and interesting game environment. At the
same time, the research reveals some disadvantages related to the high technical requirements
and complexity of implementing such a system. The development requires significant resources
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and time for optimization and testing to ensure the system's smooth and seamless operation in
real conditions.
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