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Abstract: Applications of fuzzy logic in game creation have proven useful, especially when it comes to modelling the behavior of
non-player characters (NPCs) in video games. NPC behavior in video games has historically been governed by strict rule-based
systems or scripted sequences, which frequently led to restricted and predictable interactions. On the other hand, fuzzy logic adds
a degree of flexibility and ambiguity to the decision-making processes of NPCs. By improving the naturalness, adaptability, and
emotional resonance of NPC behavior, fuzzy logic may greatly enhance player experiences in games. It provides players with
progressively more engaging and dynamic gaming experiences as it continues to be incorporated into game production, opening
up new possibilities for interactive narrative, gaming, and immersive virtual worlds.

Based on Utku Kose's article, ""Developing a Fuzzy Logic Based Game System,™ | have investigated the use of fuzzy logic in
gaming contexts for NPC decision-making in this study.
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I. INTRODUCTION
In computer science, artificial intelligence is essential because it allows robots to mimic human thought processes and behavior. It is
employed in a number of industries, including the military, machine industry, biology, physics, and electronics. Unique game
characters are produced in the computer game business by utilizing pre-existing technology to construct artificial intelligence
systems. Artificial intelligence applications in computer games have increased dramatically with the rise in processing
capacity, utilizing sophisticated techniques such as neural networks, fuzzy logic, and evolutionary algorithms.
The use of fuzzy logic in game creation encompasses several aspects of NPC behavior rather than being restricted to just one. This
covers pathfinding and character movement, decision-making and emotional states, risk assessment, and adaptation in multiplayer
games. Fuzzy logic is used in these areas to enable NPCs to respond to player actions, show a variety of emotions, and fluidly adjust
their movement patterns—all of which were previously impossible with more conventional approaches.
Video game NPCs are one specific and effective area where fuzzy logic, a mathematical foundation for handling imprecise and
uncertain information, has found a unique and useful use. Fuzzy logic adds a degree of ambiguity and adaptability to NPC decision-
making processes, allowing players and NPCs to interact in a way that is more contextually aware and human-like. The inventive
application of fuzzy logic in gaming settings is explored in this abstract, which also highlights how it improves NPC behavior to
produce a more realistic and emotionally compelling gaming experience.
Here in this paper, | have experimented with the fuzzy logic-based computer game to improve the NPCs decision making how will
he react based on the situation he is on.

Il. LITERATURE SURVEY
1) Fuzzy Set: The seminal work "Fuzzy Sets" by Lotfi A. Zadeh established the notions of linguistic variables, membership
functions, and fuzzy sets. It created new avenues for managing vague and imprecise data, which paved the way for the creation
of fuzzy logic, which has found extensive use in domains spanning from artificial intelligence to control systems and beyond.
2) Fuzzy Logic and Crisp Logic: A development of crisp logic that treats variables as true or false is fuzzy logic. Fuzzy logic, on
the other hand, defines membership degrees using a membership function and permits items to be in multiple sets. For instance,
MAR):U — [1,0]
can be used to define the connection between a set and an element. Fig. 1 displays characteristic function drawings for both crisp
and fuzzy sets.
The way fuzzy and crisp logic handle uncertainty and imprecision is the main way they differ from one another. When information
is ambiguous or unclear, fuzzy logic works effectively and enables a more nuanced, human-like depiction of the facts. Crisp logic,
on the other hand, is appropriate for applications requiring rigid, deterministic reasoning as it is based on exact, binary differences.
The type of data being used and the particular requirements of the situation at hand will determine whether fuzzy or crisp logic is
best.
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3) Defining Membership Functions: A membership function gives every element in a discourse universe a degree of membership,
from 0 to 1. The membership of the element in a fuzzy set is represented by this degree. Full membership is indicated by a
value of 1, whereas zero denotes no membership. Different kinds of membership functions exist. Triangular Membership
Function Triangle-shaped, peaking at a certain location in the discourse universe. The membership function of a trapezium is
characterized by its two flat bases and two sloping sides. Gaussian Participation Function: Bell-shaped, having a symmetric
spread and a peak. Membership function that resembles a "S™ and is frequently utilized in logistic or sigmoidal functions is
called a sigmoidal (S-shaped) function.
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4) Fuzzy Linguistic Rule: Fuzzy logic systems rely on fuzzy language principles to make decisions and reason in a manner similar
to that of humans. Linguistic variables are natural language expressions that reflect values such as "high,” "low," "hot," or "cold."
They are frequently linked to them. Every language variable has a relationship with one or more fuzzy sets, each of which has a
membership function. Each element within the universe of the linguistic variable is assigned a degree of membership by a
membership function, signifying its inclusion in the fuzzy set. The links between linguistic variables and their fuzzy sets are
stated by fuzzy linguistic rules, which are frequently written as "if-then™ statements. For example,

IF (ammo IS VERY low) AND (health IS high) AND (stamina IS HIGH) THEN (result IS Run)

An antecedent is the "if" portion of a fuzzy linguistic rule. It is made up of one or more language variables together with the fuzzy

sets and membership functions that go along with it. The requirements or input values that must be met for the rule to be triggered

are specified in the antecedent. The consequent is the "then"” component of a fuzzy linguistic rule. It indicates what should happen or
be produced in the event that the antecedent's requirements are satisfied. Fuzzy sets and linguistic variables are usually involved in
the consequent, which represents the intended result.

5) Defuzzification: A critical stage in translating judgements based on fuzzy logic into practical results is defuzzification. To
represent the ultimate output or control action of the system, it extracts a single value from fuzzy sets. Sometimes, it is possible
to apply several fuzzy rules at once. In these situations, the outputs of the rules are combined based on the degrees of
membership of the rules using aggregation techniques like max-min, max-product, or weighted sum.

a) Centroid Method: This technique determines the combined fuzzy output's centroid, or centre of gravity. The values in the
output space are averaged and weighted, with the weights based on the degrees of membership.

b) Bisector Method: This technique determines the point at which the area on one side of the aggregated fuzzy output equals the
area on the other. This is interpreted as the clear result.

c) Mean of Maxima (MOM) Method: The crisp output is determined by taking the mean of the maxima values found in the
combined fuzzy output.

d) The First of Maximum (FOM) Method: FOM chooses the crisp value by finding the first maximum value in the combined fuzzy
output.

Il. MULTIPULE EXPERIMENTS
In this paper | have taken different approaches and logic to identify which will be the best for an NPCs to make decision based on the

situation for based game.

1) Apply the Base Paper : Here, the NPC's actions are determined by two variables: health and ammunition. Values computed by
the fuzzy logic system set the states of actions. The NPC's next course of action is determined by the fuzzy logic system, which
also considers health and ammunition levels. This instance employs the triangle membership function and the Mandain
approach for the fuzzy logic system. Ammo and health input has five membership sets very low, low, medium, high and very
high. For Output action states define membership are hide, run away, stop, walk away, attack. Higher the ammo and higher the
health means more on attack and lower the ammo and lower the health more on defend (hide, run away)
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Rules for output are written using If-Then statement and as we have 2 input variable the number of rules are 25

IF(AMMO 1S HIGH) AND (HEALTH IS HIGH) THEN (ACTION IS ATTACK)
IF (AMMO IS LOW) AND HEALTH IS HIGH) THEN (ACTION IS STOP)

For defuzzification | have applied centroid, Mean of Max (MOM) with max aggregated output for those 25 rules and sum of

aggregated output.

When | conduct the above experiment with health as 83 and ammo as 22
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Action Output: Sum Aggregator
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Output:

The crisp output value for Max aggregation and centroid defuzzied is: 54.78.
The crisp output value for Sum aggregation and centroid defuzzied is: 54.13.
The crisp output value for Max aggregation and Mean of Max defuzzied: 50.00
The crisp output value for Sum aggregation and Mean of Max defuzzied: 57.95
The degree of memberships of ammo input for very low, low, med, high and very high are 0.12, 0.88, 0.0, 0.0, 0.0 respectively.
The degree of memberships of health input for very low, low, med, high and very high are 0.0, 0.0, 0.0, 0.68, 0.32 respectively.
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2) Applying Trapezoidal Function: Here | have implemented all the same thing but replaced the tringular member function with
trapezoidal member function.

Ammo and health input has five membership sets very low, low, medium, high and very high. (fig 6)

Output: Action Fuzzy Universe
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Figure 6

For output also same membership function hide, run away, stop, walk away, attack with same 25 rules.
when | conduct the above experiment with health as 83 and ammo as 22 same as above
The degree of memberships of ammo input for very low, low, med, high and very high are 0.0, 1.0, 0.0, 0.0, 0.0 respectively.

The degree of memberships of health input for very low, low, med, high and very high are 0.0, 0.0, 0.0, 1.0, 0.0 respectively.

Action Output: Max Aggregator
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Output:

The crisp output value for Max aggregation and centroid defuzzied is: 61.99.
The crisp output value for Sum aggregation and centroid defuzzied is: 61.99.
The crisp output value for Max aggregation and Mean of Max defuzzied: 65.01
The crisp output value for Sum aggregation and Mean of Max defuzzied: 65.01
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3) Adding stamina with Traingular Function: Here, the NPC's actions are determined by three variables: health, ammunition, and
stamina.

Input: Health Fuzzy Universe
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Here also the input variables are same as previous (very low, low, mid, high and very high) as now we have 3 input the rules are
increaed form 25 to 50 because with ammo and health we create 25 rules and with stamina and health we created another 25 rules as
per my expariance playing games we no need to create a rules for ammo and stamina because it does not matter is ammo is low and
stamina is high the npc will attack or defaend it base on the membership of ammo-health and stamina-health
IF (STAMINA IS HIGH) AND (HEALTH IS HIGH) THEN (ACTION IS ATTACK)
IF (STAMINA IS LOW) AND (HEALTH IS VERY HIGH) THEN (ACTION IS ATTACK)
IF (STAMINA IS LOW) AND (HEALTH IS LOW) THEN ACTION IS HIDE)

Input: stamina Fuzzy Universe
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For defuzzification I have applied centroid, Mean of Max (MOM), Bisector and Fist of Max (FOM) with max aggregated output for
those 50 rules and sum of aggregated output.
when | conduct the above experiment with health as 83, ammo as 22 and stamina is 50.
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The degree of memberships of ammo input for very low, low, med, high and very high are 0.12, 0.88, 0.0, 0.0, 0.0 respectively.
The degree of memberships of health input for very low, low, med, high and very high are 0.0, 0.0, 0.0, 0.68, 0.32 respectively.
The degree of memberships of stamina input for very low, low, med, high and very high are 0.0, 0.001, 0.99, 0.0, 0.001 respectively.
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Output:

The crisp output value for Max aggregation and centroid defuzzied is: 60.64.

The crisp output value for Sum aggregation and centroid defuzzied is: 64.19.

The crisp output value for Max aggregation and Mean of Max defuzzied: 0.68

The crisp output value for Sum aggregation and Mean of Max defuzzied: 1.00

The crisp output value for Max aggregation and bisector method defuzzied is: 17.81.
The crisp output value for Sum aggregation and bisector method defuzzied is: 27.12.
The crisp output value for Max aggregation and FOM method defuzzied is: 42.042.
The crisp output value for Sum aggregation and FOM method defuzzied is: 91.99.

4) Adding Stamina with Trapezoidal Function: Here | have replicate the (3) expiriment and replace tringular membership function
with trapezoidal membership function

Input: stamina Fuzzy Universe
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Below is the image of how the stamina looks in a trapezoidal function.
when | conduct the above experiment with health as 83, ammo as 22 and stamina is 50.
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The degree of memberships of ammo input for very low, low, med, high and very high are 0.0, 1.0, 0.0, 0.0, 0.0 respectively.
The degree of memberships of health input for very low, low, med, high and very high are 0.0, 0.0, 0.0, 1.0, 0.0 respectively.
The degree of memberships of stamina input for very low, low, med, high and very high are 0.0, 0.5, 0.5, 0.0, 0.0 respectively.

Action Output: Max Aggregator
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Output:

The crisp output value for Max aggregation and centroid defuzzied is: 70.30.

The crisp output value for Sum aggregation and centroid defuzzied is: 72.08.

The crisp output value for Max aggregation and Mean of Max defuzzied: 0.5.

The crisp output value for Sum aggregation and Mean of Max defuzzied: 0.5.

The crisp output value for Max aggregation and bisector method defuzzied is: 48.54.
The crisp output value for Sum aggregation and bisector method defuzzied is: 49.049.
The crisp output value for Max aggregation and FOM method defuzzied is: 60.06.
The crisp output value for Sum aggregation and FOM method defuzzied is: 60.06.

IV. CONCLUSIONS
After running all the four experiments we are getting better result of decision making for an NPC when the membership function is

trapezoidal and defuzzification is Mean of Max if you provide two input variables ammo and health. IF you provide three input
variables ammo, health and stamina then the decision making of NPC is improved when the membership function is trapezoidal and
defuzzification is Centroid
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