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Abstract
Non-playable characters (NPCs) are im-
portant for creating immersive gaming
experiences by simulating a world that
feels alive at all times. Achieving this
often involves implementing arti�cial in-
telligence that challenges the player and
exhibits natural and realistic behaviors.
This project explores the development of
such behaviors through the implementa-
tion of steering behaviorsand a �ocking
algorithm. These techniques are designed
to ensure that NPCs interact organically
with the environment and the player. The
result is a prototype of a 2D diving and
�shing game, where these behaviors form
the foundation of gameplay mechanics,
demonstrating their potential to enhance
game dynamics and realism.

Keywords: Group behaviors, Steering
behaviors, Fish simulation

Supervisor: doc. Ing. Ji°í Bittner,
Ph.D.
Praha 2,
Karlovo nám¥stí,
E-421

Abstrakt
Nehrá£ské postavy (NPC) jsou d·leºité
pro vytvo°ení pohlcujícího herního záºitku
tím, ºe simulují sv¥t, který je neustále ºivý
i kdyº hrá£ zrovná není aktivní. Dosaºení
tohoto cíle £asto zahrnuje implementaci
um¥lé inteligence, která je pro hrá£e vý-
zvou a projevuje p°irozené a realistické
chování. Tento projekt se zabývá vývojem
takového chování prost°ednictvím imple-
mentace tzv.steering behaviorsa tzv. �oc-
king algoritmu. Tyto techniky jsou navr-
ºeny tak, aby zajistily p°irozenou interakci
NPC s prost°edím a hrá£em. Výsledkem je
prototyp 2D hry s potáp¥ním a chytáním
ryb, kde tato chování tvo°í základní herní
mechaniky a demonstrují sv·j potenciál
pro zlep²ení herní dynamiky a realisti£-
nosti.

Klí£ová slova: Skupinové chování,
•ízení, Simulace ryb

P°eklad názvu: Modelování
skupinového chování pro videohry
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Chapter 1
Introduction

Most games nowadays have some form of non-playable characters (NPCs or
agents. These are essential to make the player feel that the world around them
exists independently, even without them actively interacting with it. This
can be achieved through the use of arti�cial intelligence and well-designed
NPCs.

Implementing algorithms that play optimally and outperform the user is
common, a di�erent question arises: How can I create NPCs that do not
simply play perfectly, but behave naturally ? How can I program complex
behavior that appears organic and believable? How can I ensure that such
behaviors will remain e�ective in di�erent environments?

1.1 Goals

In this thesis, I will investigate how to create behaviors for agents in a 2D
game. Speci�cally, I will focus on complex lifelike movements and strategies
for �sh in changing environments. I will implement these behaviors using the
steering behaviors proposed by Craig W. Reynolds [REY+99].

The goals of this thesis are to:. Describe and explore methods of group behavior simulation.. Use steering behaviors to create natural motion for the �sh in a proce-
durally generated world.. Create a game in which the player will be able to catch the �sh in their
net.. Compare the simulation to a video of real movement of �sh.
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Chapter 2
Related work

In this chapter, we will dive into why it is bene�cial for animals to create
groups, how ants are great at �nding short paths, how hundreds of agents can
navigate through complicated terrains, and how simple steering behaviors
can be used to create complicated patterns.

2.1 Flocks, herds and schools

Herds, �ocks, schools, shoalsare all commonly used terms to describe a group
of animals. They are often mixed up, below I will try to make the di�erences
clear.

In biology, groups of birds are called�ocks , a group of mammals is called a
herd, and a group of �sh swimming together in a coordinated way is called
a school. Shoal is a broad term used to describe a group of �sh that stay
together for social reasons, such as feeding and mating, whileschooling is
a behavior within shoal. Schools are a speci�c type of shoal, where the
movement of the �sh is highly coordinated and synchronized. [PIT98]

In computer graphics, schools, �ocks and herdsare commonly modeled
using a �ocking algorithm. Therefore, the term �ock in computer graphics
refers to all types of groups of agents moving together as a single body. In
this work, the terms �ock and school will be tightly tied together since we will
be working with a �ocking algorithm and modeling the schooling behavior of
�sh.

2.1.1 The tendency to create groups

Most animals, have a tendency or a need to create groups. The main reason
for this behavior is survival. According to Landa [LAN98], living in a group
has many advantages such as:. Risk dilution: Each individual is less likely to be picked o� by a predator

when moving in a large group.. Food searching: Searching for food in a group requires each individual to
spend less energy.
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.................................... 2.2. Ant colony optimization

. Ease of movement: Moving in a �sh school is easier thanks to the
surrounding increased water �ow by the other �sh.. Camou�age: Fast-moving individuals of di�erent colors or textures limit
the predator's ability to focus on a speci�c individual.

Each individual acts in a way to increase his own chance of survival,
however their individual goal bene�ts the whole group. This shows how
multiple individuals, each acting on their own, create a certain global pattern.
This phenomenon is one of the main characteristics of a group behavior.

2.2 Ant colony optimization

In this section we will discuss the Ant colony optimization technique proposed
by Dorigo [DBS06].

In nature, ants living in colonies have perfected a method to �nd optimal
pathways to food sources. The ants do this by randomly stumbling into a
food source, and once they do, they leave a pheromone trail on their way
back to the colony. Other ants can smell this, stop moving at random, and
move along the pheromone trail navigating to the previously discovered food
source. If they manage to �nd the food source, they again start leaving the
pheromone trail, reinforcing the previously followed trail while o�ering a
slightly di�erent path to the food source. Since each ant moves along its
own path before it �nds the pheromone trail, multiple paths to the food
source are discovered. The pheromone trails evaporate over time and only
the continuously reinforced parts of the pheromone trails stay around longer.
E�ectively "forming" the individual trails into a narrower trail. No single ant
would �nd the optimal path to the food source, but the colony as a group
will �nd the optimal path.

In optimization algorithms, ant colony optimization (ACO) is commonly
used to �nd optimal paths through graphs. Dorigo [DBS06] proposed ACO as
a possible optimal solution to the traveling salesman problem. The traveling
salesman problem boils down to a simple question: "Given a list of cities and
the distances between each pair of cities, what is the shortest possible route
that visits each city exactly once and returns to the origin city?" [CON25c].
The straightforward solution is to �nd all possible permutations of the towns
and pick the one with the smallest sum of distances between the towns.
However, this approach runs in O(n!), where n is the number of towns,
making this approach practically unusable. Ants, on the other hand, solve
this problem every day.

To solve the traveling salesman problem, the issue is represented as �nding
a sequence of nodes in a fully connected graph with the lowest sum of costs
of the edges. The ACO for the traveling salesman problem is described in
Algorithm 1.

3



.................................... 2.2. Ant colony optimization

Algorithm 1 Ant Colony Optimization for TSP

// Use small positive constant on all edges
1: Initialize pheromone_level on all edges
2: for eachiteration until max_iterations do
3: for eachant do
4: Place ant at a random starting_vertex
5: Initialize tour with starting_vertex
6: while not all vertices visited do

// Calculate the desirability of all unvisited vertices
7: for eachunvisited_vertex do
8: desirability = Pow(1 / dist_to_vertex , distance_bias) *

Pow(pheromone, pheromone_bias)
9: end for

10: Pick the next_vertex randomly weighted by the desirability
11: Append next_vertex to tour
12: Deposit pheromoneon the usededge
13: end while
14: Return to the starting_vertex to complete the tour
15: Save thetour and its tour_length along with the ant
16: end for
17: for eachedgedo

// Combine newly deposited pheromonewith existing value using the
length of the path constructed by the ant

18: for eachant that used this edgedo
19: pheromone= pheromone+ Q / ant.tour_length
20: end for

// Evaporate pheromone
21: pheromone= (1 - evaporation_rate) * pheromone
22: end for
23: Update best_tour if a shorter one was found
24: end for
25: return best_tour

The optimization relies on multiple parameters being set up:. distance_bias: How much do the ants prefer the closer nodes when
picking the next node to visit.. pheromone_bias: How much do the ants prefer the nodes, that were
reinforced by visits of the other ants when picking the next node to visit.. evaporation_rate: How quickly the pheromones evaporate with each
iteration..Q: How large is the deposit of pheromones by each ant.

Tinkering with these parameters is an important part of the method; each
problem can bene�t from di�erent settings.

4



.......................................... 2.3. Flow �elds

In the work of Dorigo [DBS06], three variants of the ACO discussed:Ant
System, MAX-MIN Ant System and Ant Colony Systems. Each variant
speci�es how the pheromones at each place should be updated when another
pheromone is placed and how the evaporation is handled. In Algorithm 1 the
Ant system variant is shown.

The behavior of the ants form a pleasing group behavior. The ideas can be
used in an animation or in a game. In a video by Sebastian Lague [LAG21]
a large map was created with multiple ants, their nest, and multiple food
sources. The pheromone trail was implemented by emitting a pheromone
particle in constant periods of time. The ants then slowly over time steered
toward the pheromones. As seen in Figure 2.1, after a short period of time,
the ants managed to �nd an optimal path between food sources.

(a) A) Start of the simula-
tion. Green dots represent
food sources, the brown cir-
cle marks the nest.

(b) B) The right cluster is
running out, and the other
two are being discovered.

(c) C) The right cluster is
depleted, and the other two
are the primary clusters.

(d) D) The cluster at
the top is depleted, the red
pheromone trail there is fad-
ing out. There are no
pheromones left where the
right cluster was previously.

Figure 2.1: Visualization of ant colony optimization in a game-like environment.
Green dots represent food sources, blue dots are left behind by ants when
searching for food, and the red dots are left behind when they �nd food source
(source: [LAG21].

2.3 Flow �elds

Often, in games, simulating large numbers of NPCs is needed. These NPCs
often need to navigate toward a speci�c target. Finding a path to a target
is simple when using one of the path�nding algorithms mentioned later in

5
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