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Abstract: The goal of the thesis is to develop a 3D medieval melee combat game.
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1. Introduction

The objective of the thesis is to develop a 3D medieval melee combat game. In
the game, the player has to defend themselves against hordes of enemies coming
in waves. The player earns gold with each fallen enemy. After each time the
player survives the onslaught, they are taken to menus where they can use the
gold to purchase better weapons and armor; or hire mercenaries to help defend
against the next assault. The player can choose to wear light armor to remain
quick on their feet; or heavier armor which provides better protection against
incoming damage at the cost of movement speed. The implementation of the
game features a four directional combat system (i.e.: the ability to attack and
defend in four directions).

The resulting video game is calledust Blade . The name Just Blade is a
word play on Mount & Blade[1], in the sense that my game doesn't have any
mounted combat, therefore it is Just (i.e.: Only ) Blade. The development of
my game took inspiration from several games, which are explained in the next
sections.

1.1 Similar Games

There are many genres a video game can be associated with, and one of which is
called the horde game genre. In this genre, the player tries to play for as long as
possible without dying in an uninterrupted session while the game presents them
with increasingly di cult waves of challenges [2]. In video games such as The
Last Stand, the whole point of the game is the horde game mode itself. However,
in some other games, it is simply included as a mini-game mode as in the case
of Mount & Blade: Warband and Mordhau. The next sections brie y describe
what these games are like.

1.1.1 The Last Stand

Figure 1.1: A screenshot of The Last Stand browser game from my playthrough
on Armor Games. There are three survivors (including the player) who ght o
zombies in the second night of the game.



The Last Stand is a browser game [3] that was released éirmor Gamem
2007 [4]. In this game, the player is positioned behind a barricade and ghts o
zombies that attack at night. During the day, the player allocates time to nd
better rearms, repair the barricade, or nd survivors to help them ght in the
next nights. The goal is to survive for as many nights as possible until the game
ends where the survivors get rescued.

Just Blade is a 3D medieval combat game whereas The Last Stand is a 2D
shooter game, but the fact that the player ghts o hordes of enemies in both
games is what makes them similar.

1.1.2 Mount & Blade: Warband

Mount & Blade: Warband(abbreviated M&B:W is a video game that was
released in 2010. It's a strategy action roleplaying game developed by
TaleWorlds Entertainment , and published by Paradox Interactive  [5].
M&B:W features an invasion mode on multiplayer which was released on
December 20, 2016 [6]. It wasn't around at the release of the game in 2010, so
the explanations that | provide below are based on the few minutes of
playthroughs that | had.

The game mode can be played by multiple players. Each player chooses
their equipment as they normally would on any multiplayer game mode.
However, in addition, the player has two computer controlled companions to
choose from. These companions are the same ones as you would nd in the
single player campaign. Each companion has certain pro ciencies, meaning
while one companion could be good at ghting with two handed weapons,
others may prefer one handed weapons. The player can also choose the class of
their companions, which are based on the factions that they sided with while
con guring the game mode. These classes are usually infantry, ranged or
cavalry.

Figure 1.2: An in-game screenshot that | took of M&B:W's invasion game mode.

The invasion mode consists of enemies attacking in waves. The players are
given some time to prepare before the wave approaches, in which the player
chooses equipment for themselves and their companions. Once the time is up,
the wave of enemies begin their attack. Each enemy killed provides the player
gold. Sometimes, the enemies can drop loot chests, from which contain special
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items that cannot be obtained by normal means (e.g.: boots that make you move
faster, knives that steal life from enemies, etc.). The players can choose to keep
these items for themselves, or assign them to one of their companions.

The gameplay is seamless, in the sense that there are no pause menus between
the waves. Each wave must be thwarted within a time frame such as 5 minutes,
or else the next wave will begin without nishing the current one. Some waves
are special, where they contain characters from the singleplayer campaign (i.e.:
lords, counts, boyars, etc.). The arrival of such enemies are announced by the in-
game text during the countdown. Every now and then, a supply caravan icon
appears in the game. This indicates that any fallen players and companions will
have a chance to respawn soon. However, if every player and companion dies, the
enemies win and the game is over.

Figure 1.3: A comparison of the visual similarities of models in Just Blade (left)
and M&B:W (right) from the in-game screenshots that | took.

Just Blade was heavily inspired by M&B:W's four directional combat system,
as well as its visual aesthetics. While M&B:W's invasion mode is similar to Just
Blade horde gameplay, there are also some di erences. One of those di erences
is the fact that M&B:W's gameplay is seamless as explained above, whereas Just
Blade takes the player to menus after ghts where they can make purchases.

1.1.3 Mordhau

Mordhauis a video game that came out in 2019. It's a multiplayer medieval hack
and slash ghting game developed byriternion  [7]. It contains a game mode
called horde.

Mordhau's horde mode is very similar to M&B:W's invasion mode. In
Mordhau, the game mode is played with other players. The enemies come in
waves after a certain preparatory time period has passed. Unlike M&B:W, the
players do not have Al controlled companions. In addition, there is an objective
goal in Mordhau's horde game mode, which is to protect the Noble. The
Noble is a computer controlled warrior, which wanders near the starting point.
If the enemies kill him, the game ends, regardless of how many players are still
alive. Luckily, the Noble is a tough warrior himself, and he can fend o enemies
as well. When a player dies, the other players can revive the player by holding a
button for some time.



Figure 1.4: An in-game screenshot that | took of Mordhau's horde game mode.

For each enemy Kkilled, the players earn gold; and with each wave beaten,
the players earn skill points. The gold is used to purchase weapons and armor;
while the skill points are used to specialize the player's character in the following
skill trees: melee, tank, support, ranger. They contain skills which give passive
bonuses throughout the game. At the end of each skill tree, there are active skills
which give more useful e ects, but su er a cooldown period. For example, the
melee tree has an active skill that makes the player invulnerable to damage for a
few seconds.

Much like M&B:W, Mordhau's horde mode is also seamless, in the sense that
there are no pause menus once the game has begun. Similar to M&B:W, the
purchases are done through an in-game menu. Even though Just Blade is not
seamless, it was inspired by Mordhau's horde game mode, as well as its weapon
damage and armor system.

1.2 Goals

The implementation of the game is centered around a few key goals. The game
may contain features other than described below, simply because those features
are relatively minor and need not be mentioned. The goals are as follows:

1. All agents must have the ability to do the following:

(a) Attack while moving.
(b) Move in a direction which is di erent from their look direction.

(c) Look up/down while attacking in order to target di erent body parts
of their opponent.

2. Agents must be able to attack and defend in four directions (i.e.: up, down,
right, left). This should be done in a coherent manner. For example, the
agents should not be able to block an attack if their back is turned against
their opponent, even if the directions match.

3. The weapons must have varying features such as damage, length, and speed.
In addition, the animations must be suited according to the way a particular
class of weapon is held (e.g.: swords, spears).
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4. There must be varying levels of armor, with each level providing more
protection against damage at the cost of movement speed. There must
be multiple armor pieces to cover di erent body parts (e.g.: head, torso,
legs).

5. The scene in which the agents ght is expected to have the following
properties:
(@) A mostly at surface to move around, with some small slopes.

(b) Some impassable obstacles (e.g.: boulders, trees, fences) which the
agents must move around.

(c) A background landscape such as a mountain with trees or the
battlements of a fortress.

(d) The starting locations of the combatants on each side must be situated
at opposite ends of the scene.

6. The hordes of enemies must be harder to tackle as the game progresses,
yielding better rewards when beaten. There must be a di culty slider to
further adjust the di culty of the game.

7. There must be several menus that are seen before each ght, which are as
follows:

(&) An information menu where the player is given information about the
next ght.

(b) An item shop menu to buy weapons and armor.

(c) A mercenary menu to hire mercenaries to aid the player in combat.



2. Analysis

This chapter goes over some of the challenges that are expected in order to
implement the features that were described in section 1.2. It covers various ways
to address the issues that are described, and the one which is believed to be the
most suitable solution is selected.

Note that the text focuses on theUnity Engine [8] as a tool for analysing the
implementation of the game's various aspects. While it is possible to use other
known engines to implement the game with some adjustments to accommodate
the needs of their tools, | decided to focus on Unity simply because | have some
prior experience in using it.

2.1 Agent Movement

The humanoid characters that move around and ght are called agents. An agent
that is controlled by the player is called a player agent (oPlayerAgent); and
one that is controlled by the computer is called an Al Agent (oAiAgent).

We're going to have to design arAgent entity which allows the player and
the computer to control an agent in the game. There is one important aspect
that might prove rather challenging, and that is the movement of the agents. In
general, Unity o ers three solutions to consider when implementing the movement
of any agent:

Rigidbody
CharacterController
NavMeshAgent

These solutions are examined in the next sections.

2.1.1 Rigidbody

In order to let a GameObject[9] be a ected by Unity's physics engine, it is
necessary to attach aRigidbody [10] and aCollider [11] Componen{12] to it.

A collider is the physical representation of the game object in the scene. The
preferred shape of the collider is usually a capsule. This is so that the object
doesn't get struck onto the edges and corners of scene geometry while moving
(e.g.: when climbing a staircase), which is something that can happen when using
a rectangular collider for movement. Once the components are set, the various
methods provided by theRigidbody can be used to move the game object in the
scene.

In general, it is important for the game engines to update the physics
simulation at constant time intervals. This is in order to preserve the
correctness of the simulation. Therefore, it makes sense to use Unity's
FixedUpdate method to apply the movements on theRigidbody. However, in
the case of the player agent, reading the inputs ifrixedUpdate would cause
input lag [13]. Therefore, it's a good idea to read the inputs irUpdate, and
apply the e ects in FixedUpdate.



| believe that moving the player agent in the scene using this approach is
reasonable. The only issue | can think of is related to camera jitter (i.e.: blurriness
when the camera is moved). Usually, it makes sense to move the camera in
LateUpdate, which is invoked after theUpdate method is used to receive inputs.
However, since theRigidbody is moved inFixedUpdate, the player agent might
appear blurry to the user whenever the camera is moved. It's possible to x
this by moving the camera inFixedUpdate as well. The problem is, if the other
agents in the scene are moved in a di erent method (e.glUpdate), then they
will appear blurry when the camera is moved. If these issues occur, it might be
a good idea to use Unity'sCharacterController component instead (which is
explained in a later section).

Moving the Al agents usingRigidbody is trickier, because they need to be
able to avoid obstacles in the scene. It's possible to write a path nding algorithm
[14], but | believe that would require too much work to get it right, especially
since Unity already o ers a solution: NavMeshAgent It is explained in a later
section.

2.1.2 CharacterController

Unity's CharacterController component is another way to move an agent in
the scene. As Unity's documentation page says, it allows movement constrained
by collisions without having to deal with a rigidbody. [15]. It is still a ected

by collisions, but the upside is that we can implement the movement ibpdate
instead of FixedUpdate. This could x any camera jittering issues mentioned in
section 2.1.1, should they actually occur.

Unlike movement usingRigidbody, it is not necessary to attach a collider to
a CharacterController GameObject , as the component already comes with its
own collider.

If the Rigidbody approach for movement causes problems, it's reasonable to
use the CharacterController  to implement the player agent's movement.
However, it is still tricky to use this for Al agents, as we're still lacking a
path nding solution for them in this case.

2.1.3 NavMeshAgent

Unity's NavMeshAgen{NMAcomponent [16] is a movement solution which uses
Unity's navigation system [17]. It allows game objects to move around in the
game scene with obstacle avoidance. This is achieved by baking N&vMeslj18]
of a scene using the tools iknity Editor . The navigation system then uses this
NavMestio determine which parts of the scene are moveable or not.

The NM# do not get a ected by physics colliders. Instead, we're meant to
use aNavMeshObstaclecomponent [19] if we want to create obstacles for the
agents to avoid. TheNMAan be told where to go in theUpdate method with its
SetDestination method.

In the case of Al agents' movement, the other methods require us to come up
with a custom path nding solution; whereas theNMAlready solved this problem.
Therefore, | believe implementing the movement of the Al agents using this tool
IS quite reasonable.



The NMAomponent can also be used to implement the movement of the player
agent, but | believe there would be some issues. The rst problem is implied by
the SetDestination method, which accepts a position vector as an argument.
This type of movement is usually best suited foReal-time Strategy games
[20], where the user decides where to go by choosing a position in the game
world. Secondly, it is ultimately up to Unity's path nding algorithm to move the
player, which may not be as precise as the user wishes. It is possible to disable
the path nding for the player agent, but that would make it pointless to use aNMA
in the rst place. For these reasons, | believe the movement of the player agent
should be implemented with either aRigidbody or the CharacterController

2.2 Animation

In order to animate the agents, there are a few options:

Unity's Mecanim.

N

Using C# script to animate the agents with Unity's animation engine.

A third party asset such as Animancer.

The animation system o ered by Unity is calledMecaninf21]. It comes with a
graphical user interface to create a state machine for the animations to be played
as needed. This seems like a reasonable approach to set up the combat animation
logic of the game. Mecanim also comes with Blend Tree tool, which allows
one to blend multiple animations [22]. It seems like an easy way to set up the
movement animations of our game, in a way that is also visually pleasing to the
eye.

The second option is to write a custom state machine using C# scripting
and Unity's animation engine. Doing so would most likely o er the best control
to animate the agents compared to the other alternatives. Though, the time it
takes to implement and debug such a system from scratch may not be worth it,
as Unity's Mecanim seems like it already o ers a good solution for animations.

Another option is to use a third party asset that is made by other users of
the Unity engine. An example of this isAnimancer [23], which seems to have
received a good rating in theAsset Store [24], but requires the user to pay a fee
to use the full features. These might act as a good alternative if Unity's Mecanim
proves to be quite unusable.

Since Unity's Mecanim seems like a good solution to set up the animations, |
plan to use it in my game, as | also had some experience using it in the past.

2.2.1 Four Directional Combat

There are four directions in which every agent can attack or defend: up, down,
left, right. For example, if an attacker performs a swing from the left, the defender
must look at the attacker and block from the left side in order to successfully
de ect the attack. | believe that being able to choose the correct directions in
the heat of the battle adds depth and challenge to the combat of the game.
Using a mouse and keyboard as the input mechanism is probably ideal for
this type of combat system. Because the left and right mouse buttons can be
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used to send attack and defend signals respectively; while the combat directions
can be chosen by moving the mouse in the appropriate direction. The player's
movement signals can be sent by pressing the WASD buttons on the keyboard,
which is a common practice in many video games. It's possible to use other input
methods as well. For example, if it had to be implemented using a controller, the
user could use the right analog stick to control the camera and choose a combat
direction, and press the necessary buttons to perform the attack or defense. The
movement would be implemented by moving the left analog stick to accelerate in
the appropriate direction. However, for the purposes of this game, | believe the
main input method should be mouse and keyboard.

I know of two approaches to implement such a combat system, which are
explained in the next sections.

2.2.2 Keyframe Animation

The rst approach is by using keyframe animations [25]. The idea is to save the
pose of the skeleton's bones in certain key poses (called keyframes), and then let
the underlying software (in this case, Unity) interpolate between the keyframes
to generate a frame. These animations are then played when necessary. For
example, if we want the agent to attack from the right, we play the attack_right
animation when the user moves the mouse to the right and presses the attack
button.

This is probably the most common way to animate characters in most video
games. From the looks of it, other medieval combat games such as M&B:W and
Mordhau also use keyframe animations to animate their characters.

In my case, | plan to use the models and animations which | made in 2016
usingBlender [26]. The animations are also keyframe based, and they are visually
similar to M&B:W, as | was inspired by that game at the time. If | didn't have
these assets available at hand, | would have looked at Unity's Asset Store to use
some third party assets, as it's too time consuming to create such assets from
scratch in general. In that case, the third party assets would probably not have
looked as visually consistent, as it's hard to nd game-speci ¢ assets made by
other people, but still would have got the job done nonetheless.

2.2.3 Physics Driven Combat

The second approach is by driving the animations purely by a physics system.
In this case, no keyframe animations are used, and the skeleton of the agent is
controlled by applying physical forces. As far as | know, the only game that
does isExanima which is a game developed bfare Mettle Entertainment

[27]. In Exanima, the characters can attack in four directions. Since the game
is driven by physics, it's possible to do even more than that. They develop the
game using their in-house game engine, which most likely helps them optimize
the performance caused by physics related calculations.

For the purposes of our game, it would be too much work to write a physics
based combat system from scratch, as Unity is more of a general purpose tool, and
its built-in physics engine may not be e cient enough to handle such calculations.
Moreover, the keyframe animation approach is enough to cover the needs for our
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game, as an ultra realistic combat simulation is not the main point of it. For
these reasons, | believe it's reasonable to use the keyframe animation approach
instead.

2.2.4 Combat Coherency

As mentioned in Goal 2, the four directional combat should be done in a coherent
manner. This point is elaborated further with another example. Consider a
scenario with an attacker and a defender, and they're both facing each other. If
the attacker is attacking from his right side, the defender has to defend from his
left side in order to block the attack. This is the expected combat dynamic.

Now, consider the case where the attacker is situated on the right side of
the defender. In this case, if the attacker attacks from his right side, then the
defender should not defend from his left side as explained above. This is because
the attacker is on the right side of the defender, which means that the defender
should defend from his right side instead. In fact, if the attacker decides to attack
from his right side in this situation, the defender should not be able to block at
all, as the attacker is too much on the right side of the defender. The correct
course of action is for the defender to look at the attacker and center his view on
him.

Achieving this degree of coherency can be done by comparing the positions
and look directions of the combatants. Once the attacker's relative position to
the defender is determined, it can be decided whether or not the defender should
be able to block an attack.

2.2.5 Separating the Upper and Lower Bodies

In order to implement the features described in Goal 1, it is necessary to separate
the control of the upper and lower body of the skeleton. | had some experience
doing this in 2016 on a prototype | made for a similar combat system. There
were some issues that | expect to see again as | am making this game, which are
explained below.

In Unity, a child game object will follow its parent game object. That is, the
child will maintain its position and rotation relative to its parent. If the parent
object rotates, the child object will also rotate (in world space) to maintain its
relative rotation.

The agents use a skeleton rig which | made in Blender. This skeleton rig is
made out of bones, which are just transform objects in a hierarchical order.
Therefore, for example, if the shoulder bone is rotated, the arm bone and its
children will also be rotated.

When | rst rigged the skeleton in 2016, the spine bone was a child of the
pelvis bone in the skeleton hierarchy. This meant that, in Unity, the pelvis bone
had full control of the spine bone, which made it impossible to separate the
control of the upper and lower bodies.

| needed the spine bone to inherit the position of the pelvis bone, while
disregarding the rotation of the pelvis bone, despite being the child of the pelvis
bone in the skeleton hierarchy. Therefore, | had made it so that the spine bone
was no longer a child of the pelvis bone. This allowed me to separate the
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control of upper and lower bodies, and introduced a new problem. When the
agent was moving and attacking at the same time, his waist would get
stretched. This is because the spine bone is no longer attached to the pelvis.

Figure 2.1: On the left, the waist stretches downwards due to the pelvis not

being connected to the spine via code. On the right, the pelvis is connected to
the spine bone, and the problem is solved. This picture was taken after the game
was developed.

In order to x this new problem, | wrote a C# code which manually connects
the spine bone to the pelvis bone. This is done as a post processing e ect after
Unity plays the animations, so the code is invoked from &ateUpdate method.
The idea is the following: When an agent is instantiated on the scene, save the
initial spine and pelvis bone positions and rotations. Then, after animations are
played every frame, connect the spine to pelvis using the initial information.

Since the upper and lower bodies are separated, it is possible to attack while
moving. In addition, the agents are able to look up/down while attacking to
target di erent body parts of their opponents. This solution worked really well,
so | plan to use it again as | am making this game.

2.2.6 Making Movement and Look Directions Di erent

In some older games, it is usually the case that the characters can only move in
the direction they're looking at. This is especially seen in computer controlled
characters. When they decide to move in a di erent direction, they must do a
full body turn, which doesn't look visually appealing to the eye.

In my game, | plan to make it so that the agents can move in a direction
that is di erent from their look direction. Back in 2016, | had made my walking
and running animations speci cally for this purpose. There are 8 variants of each
walking and running animations, which cover all of the cardinal and intermediate
directions. The plan is to plug these animations into a blend tree, and control
the blending via the user de ned parameters in Mecanim.
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The player's movement direction is acquired from keyboard input which covers
the 8 directions mentioned above. The mouse controls the camera, which then
controls the look direction of the player agent. Hence, the player agent always
looks in the direction of the camera. However, if the player decides to run to the
side while looking ahead, the correct animation in the blend tree is played based
on the keyboard input. This separates the look and movement directions for the
player agent.

The Al agent's velocity is driven by Unity's NavMeshAgent The Al agent's
look direction is based on the position of the enemy agent. By transforming
the velocity vector to the Al agent's local space, and feeding this information
to the blend tree in Mecanim, it is possible to make it so that the look and
movement directions of the Al agents appear separate. This allows them to
change movement directions without having to do full body turns.

2.3 ltems

The items that the agents equip consist of a single weapon, and armor pieces that
protect speci c parts of the body. The agents are to be instantiated in the game
with their selected items, and they won't be able to change them until the next
battle.

2.3.1 Weapon and Armor Values

One of the key aspects of the game is how much raw damage the weapons deal,
how armor reduces the incoming damage, and what the underlying mechanic is
for determining the nal damage output when an agent is struck with a weapon.

The rst approach is to come up with a system like M&B:W, where each
weapon can deal di erent damage types (e.g.: slash, pierce, blunt). These are
then paired with a number which determines the potency of the damage type. In
this case, the armor would also be associated with a defense value which provides
damage reduction when the agent is struck. In most games, it's usually the case
that slashing damage is e ective against lightly armored enemies but falls o as
the armor value increases. In the case of heavily armored enemies, the piercing or
blunt damage types work better. The upside is that the formula which determines
the nal damage output won't be easily predictable, and it may add a feeling of
depth to the game. The downside is that getting the formula to feel right requires
a lot of ne tuning.

The second approach is one that is similar to Mordhau's system. In this case,
the armor pieces are given non-numeric defense levels such as light, medium and
heavy. Then, the weapons are given speci c damage values for each armor level.
For example, a sword could deal 100 damage to a light armor piece, while only 30
against heavy armor. The upside of this approach is that the ne tuning of the
damage values is easy, as you just write out how much damage is dealt against
each armor level. The downside is that the nal damage output is relatively easy
to predict, and may detract from the game's sense of depth.
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2.3.2 Weapon Collision

Agents use weapons to attack other agents. The weapon needs to be able to
detect the defender agent's hitboxes, which can be done by using Unity's physics
system to detect collisions. Regarding the implementation, two approaches come
to mind.

The rst approach is what | call the cone method. The idea is, whenever an
agent attacks, an invisible Unity collider is instantiated in front of the attacker
agent. The defender agent is deemed to be struck if the collider makes contact
with it. A cone shape for the collider would probably work better for this, as
it can be pointed out towards the enemy. There might be some issues. Firstly,
it might be di cult to re ect the visual length of the weapon using an invisible
collider. Secondly, since the weapon itself wouldn't actually be making contact
with anything, the user may not get a feeling of impact when agents are struck.
For these reasons, perhaps this approach is better suited for a game with simpler
combat mechanics.

The second approach is to attach a collider to the weapon itself. This allows
the agents to manipulate their attacks to target specic body parts of their
opponent. The collider's dimensions can easily be adjusted according to the
visuals of the weapon. There might be some issues if the agent attacks at a very
high speed. In that case, the weapon might end up being swung too quickly for
the physics engine to detect any collisions. Therefore, the attack speed values of
the weapons should be carefully considered.

2.3.3 Weapon Speci c Animations

The game features di erent classes of weapons, suchTago Hande@eapons and
Polearms. It doesn't make sense to wield and use a polearm weapon like a spear as
if it was a big two handed sword. Since | am planning to use keyframe animations
in Unity's Animator Controller [28] (i.e.: Mecanim) to implement the combat

of the game, | need a way to use di erent animations for each weapon class.
Luckily, Unity already o ers a solution for this, which is called the Animator
Override Controller [29]. It allows swapping the animations in an Animator
Controller without changing the original structure of the state machine. It seems
like a good way to solve this problem, so | plan to use it when developing the
game.

2.3.4 Wearing Armor

In order to add depth to the game's combat, there are several armor pieces to
protect each body part such as head, torso, and legs. The armor models are mesh
objects which are rigged with the same skeleton as the human model. Unity refers
to such objects asSkinned Mesh Renderers(SMIR[30]. In order to make the
agents wear an armor piece, the bones of the arm8MRas to be set equal to the
bones of the human skeleton. This is the planned approach to make the agents
wear armor in the game.
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2.3.5 Movement Speed Penalty

As stated in Goal 4, the damage protection provided by wearing armor must come
with a penalty to the movement speed. Two approaches come to mind in order
to implement this feature.

The rst approach is similar to what M&B:W does, which is to assign a
numerical weight value to each armor piece. Then, come up with a formula which
reduces the movement speed as the total weight from all armor slots increases.

The second approach is similar to what Mordhau does, which assigns
movement speed penalty values for each armor level (e.g.: light, medium and
heavy). In this case, the formula would probably have to take into account the
di erences of armor slots. For example, a heavy torso armor should provide a
higher movement speed penalty than a heavy head armor.

2.4 Menus

The player needs to interact with some menus before each ght. These menus
are the following:

Information Menu
Item Shop Menu
Mercenary Menu

The Information Menu mainly contains text which explains what the next
battle is going to look like. For example, if the next battle contains a boss wave
(i.e.: amore challenging enemy), then the player should be informed in this menu.

The Item Shop Menwshould contain controls to inspect various weapons and
armor. It is in this menu that the player should purchase such items in exchange
for gold. Once purchased, the player spawns with the selected weapons and armor
in the next battle.

The Mercenary Menuis where the player can hire mercenaries to ght the
enemy hordes. The menu should contain controls to see the various mercenaries
that can be hired. For example, some mercenaries could have lighter armor, while
the others could be heavily armored. The player should be able to see their hire
costs and pick a mercenary accordingly.

In order to implement the menus, two approaches come to mind, which are
explained in the next sections.

2.4.1 All in One Scene

The rst approach is to use a single scene for the entire game. In this case, all
of the menus would be implemented on the combat scene. The menus would
be made invisible during combat, and set to visible after the combat ends. The
upside of this approach is that we wouldn't have to worry about managing the
player's progress across multiple scenes, as there is only one scene. The downside
is that it requires us to show and hide the necessary user interface (Ul) widgets
according to each situation, which would be very messy to do so in a single scene.
This approach is perhaps better suited for a much simpler game.
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2.4.2 Using Multiple Scenes

The second approach is to use multiple scenes for each situation. In this case, all
of the menus would have their own scenes, and the combat area itself would be a
separate scene as well. Larger games most likely use this approach, as it becomes
easier to manage the Ul widgets in each scene where they're needed. | believe
this game is complex enough so | plan to use this approach in my game.

There is one downside of this approach which should be discussed. In Unity,
when the game transitions from one scene to another, the contents of the previous
scene are completely destroyed. In our case, it would mean that the player's
progress would be lost during scene transition. For example, the information
that the player bought some items in the Item Shop scene would be lost once the
scene is destroyed. There are ways to tackle this problem, which are explained in
the next section.

2.4.3 Managing Player Progress

In Unity, it is possible to mark game objects so that they're not destroyed during
scene transition [31]. This would allow us to maintain player progression data
(e.g.: items bought, mercenaries hired) across multiple scenes. It is necessary to
do this in every scene so that the data is preserved constantly. This might cause
us to accumulate a lot of baggage data for each scene, just because they are
needed eventually. This may not be desirable, which is why | can think of two
approaches to tackle this issue.

The rst approach is to create a manager game object which systematically
gathers and stores data generated from each scene. It would act as a central
authority where each scene reports their portion of the player progression data to
the manager object. This is most likely the preferred approach in larger games,
as they probably have to track several data across multiple scenes (or similar
structures). It's important that this system is carefully planned and debugged,
as we wouldn't want some data to get lost during scene transition.

The second approach is to store the player data in the static memory. Since
this section of the memory is available throughout the entire lifetime of an
application, it is guaranteed that the data is preserved across multiple scenes.
The static memory is smaller compared to heap memory, which may cause
issues if the data becomes too large. In that case, tisengleton design pattern
[32] can be used to have static references to data objects in heap memory.
Another problem is that this approach is not well suited for a large game.
Because the management of data can become harder to control as the amount
of data increases. However, in the case of my game, there is only one player,
and the only data that must be tracked across scenes is the player's progression.
Therefore, it wouldn't be unreasonable to consider this approach for this game.

2.5 Combat Scene

The combat scene is where the actual ghting takes place among the agents.
Unity's terrain tools [33] should be su cient to generate a mostly at surface
with some small slopes around which the agents can walk. In addition, it can be
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used to raise mountainous scenery in the background, as well as brush tools to
paint the terrain with textures. The textures should probably be single colored
in order to keep it consistent with the rest of the game's artstyle.

The obstacles should consist of boulders, trees and fences. They must be
impassable, and the agents must walk around them in order to continue. | plan
to use the scene props which | made in Blender back in 2016. Unity's terrain tool
seems to o er a way to place 3D tree objects in a performance e cient manner,
which should come in handy.

The scene must be constrained with invisible barriers which bars the agents
from passing through. The player can be locked in this manner by surrounding
the intended gameplay zone with large box colliders which block the player. In
the case of the Al agents, theiNavMesmeeds to be baked in such a way that
they can only traverse the intended ghting area, which should not be a problem
using Unity's navigation tools.

The spawn locations of each team should be based on some transform game
objects whose positions can be customized in Unity Editor. The C# script which
manages the horde game mode can use the position of these objects to spawn the
agents side by side on each team.

2.6 Horde Di culty Progression

The di culty of the game should increase as the game progresses. To achieve this,
several approaches come to mind. Note that we are not forced to pick only one
approach from below. It is possible to combine several approaches accordingly.

The rst approach is to make the Al agents smarter in combat. In this
case, they would be able to block the attacks more often, and they could prefer
attack directions which are not defended by their enemies. They could also be
programmed to work together and eliminate their opponents as a group. This
approach heavily relies on programming and debugging the Al of the agents well.

The second approach is to improve the items and combat attributes of the
Al agents on higher di culties. For example, the agents could start wearing
heavier armor, and use more lethal weapons. Moreover, their attributes such as
maximum health, damage resistance, attack speed, damage etc. can be increased
to make them more formidable.

The third option is to add a di culty slider in a menu which determines
the overall di culty of the game. On lower di culty settings, the player's team
could take reduced damage and earn more gold; and vice versa as the di culty
increases.

2.7 Sounds

The sounds are to be implemented using the audio tools provided by Unity [34].
Some examples of the kinds of sound e ects that should be in the game are:

N

Metal/wood clanking

Armor/ esh being struck
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Grunting
Footsteps

There are two approaches to acquire these sound assets, as | do not have them
readily available. The rst approach is to record them myself, which requires a
guiet environment and a decent quality microphone. While it might be easy to
record the clanking sound of metal objects, it is harder to record footsteps sounds
on grass due to background noise. Moreover, it might be necessary to use audio
editing software to reduce unwanted sounds.

The second approach is to look for sound e ects on Unity's Asset Store,
preferably ones that are free for general use. It's unlikely to nd a single source
which provides all of the sound e ects that are needed, so | might have to listen
to sound e ects from multiple asset bundles. As a result, | may end up with
sound e ects with a bit less than ideal harmony. Still, | believe that this
approach would get the job done for the purposes of this game, which is why |
plan to go for it.

As a nal note, | do not intend to add any music to the game because | think
playing music on loop would be too distracting for the user.
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3. Implementation

In this chapter, | describe some of the technical aspects in the development of
the game. When it comes to C# scripting, most of the programming details
were already described within the code. One could create an auto generated
documentation with a tool such asDoxygen[35] to see these details. For this
reason, this section goes over the parts which | was not able to mention from
within the code. It also covers some of the non code related details, as well as
give a broad overview as to how di erent parts of the project are connected.

To make the game, Unity version 2021.3.6f1 was used. The models were made
using Blender version 2.76b. Note that while Unity supports multiple platforms,
the game was developed and deployed féafindowswith mouse and keyboard as
the input method. The approaches and techniques described in this text would
work on other platforms as well, though there would have to be some adjustments
to accommodate the needs of each platform.

3.1 Folder Structure

There are two topmost folders in the project. These are called Assets and
Packages. | never used thePackagesfolder, as it's mostly used by the Unity
engine itself. This section focuses on th&ssets folder.

The Assets folder contains every other folder, which are as follows:

" Animator Controllers
Avatar Masks
Imported Assets
Materials

" Models

" Prefabs

Scenes

Scripts
StreamingAssets

~ TextMesh Pro

The Animator Controllers folder contains the Animator Controllers  (AQ.
These are used to drive the animations of anything with aAnimator component
attached. Currently, the only objects which useAG are the agents who can
ght and move around the game scenes. It also contailrsnimator Override
Controller (AOg which can be used to swap animations in a giveAC Finally,
it contains a text le that describes some of the details as well as numerical values
about how the AgentACis set up.
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The Avatar Masks folder contains the Avatar Masks [36] which are used by
the AG. These are used to enable/disable the use of some bones in the skeleton
when animating the agents.

The Imported Assets folder contains the imported assets which were
downloaded from Unity's Asset Store. Currently, the only third party assets
that were used are related to sound e ects. Note that for any given third party
asset, the whole package was not downloaded. For the most part, only the
assets that were used in the project can be found in these folders.

The Materials folder contains materials which are used to give color to the
objects in the game. Most of the models were already imported with their own
materials, so this folder doesn't contain much.

The Models folder contains the weapon, armor, scene props, and the human
agent model. This folder also contains the animation clips which are used by the
agents. An important thing to note is that every imported model has itsScale
Factor value set to 0.29. This is because | may have made the models a bit too
big in Blender back in 2016, and this was a way of making them look a reasonable
size. If you add new armor to the game, you'll have to use the human's skeleton
for it to be animated, which means that you'll have to set the scale to 0.29 as
well. This is not strictly necessary for weapon models.

The Prefabs folder contains the prefabs which are used throughout the
game. These can be weapons, armor, agents, friendly and enemy agent data,
sound e ects, and so on. This folder also contains several special folders with
the name Resources. The Resources folder is used to instantiate game objects
from within code, rather than dragging and dropping them onto the scene by
hand in the editor. The name of this folder must be Resources because it is
required by Unity. The prefabs which are instantiated by code are done so in the
PrefabManager.cs script.

The Scenes folder contains the scenes of the game. The scenes which are
actually used by the game are:

MainMenuScene
InformationMenuScene
GearSelectionMenuScene
ArenaScene

There is one more scene, which is called DefaultScene. It was the very rst
scene that was added by th&Jnity Editor when the game project was created
for the rst time. It can be duplicated to create a new clean scene if needed.

The Scenes folder also contains child folders with the same name as some
of the aforementioned scenes. These folders contain the lighting aNévMesh
data. The lighting data is used to bake lighting into a scene. ThdlavMesidata
contains theNavMeshvhich was generated by Unity for the Al agents to navigate
themselves around the scene.

The Scripts folder contains the C# scripts which were used to make the
game. It also contains a le name'DocumentationMainPage.md, which was
used by Doxygen to create the main page of its auto generated documentation.
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In this le, you can nd a Credits section, which gives credit to the authors of
the sound e ects that were used in the game.

The StreamingAssets folder is a folder created by Unity [37], and | never
used it myself. The TextMesh Pro folder contains the assets which are used by
the TextMesh Protool, which is a user interface text solution in Unity [38].

3.2 Designing the Agent Entity

The Agent entity that we have to design has some common components which
should be relatively straightforward to implement. An idea as to what these
components are can be seen as follows:

A

EquipmentManager: Responsible for spawning and managing the
weapons and armor of an agent.

HitboxManager: = Manages the hitboxes of an agent so that weapons can
detect them and in ict damage when an agent's hitbox is struck.

AnimationManager:  Determines when and which animations should be
played for a given agent.

In section 2.1, we concluded that it'd make sense to us¢avMeshAgento
implement the movement of the Al agents; and Rigidbody or
CharacterController  for the player agent. This a ects the design of theAgent
entity. This is because while theAgent entity has some common components,
the implementation of the movement is what truly di ers the player agent and
the Al agent. | propose two approaches to achieve this goal:

Agent and controllers

A compound Agent entity

3.2.1 Agent and Controllers

In this approach, there are three key entities:

N

Agent

A

PlayerController
AiController

In addition to the common components, theAgent contains an interface to
move the agent. Then, the controller entities use this interface to control the
movement of the agent.

For brevity, suppose that the player agent's movement is controlled by a
Rigidbody instead of aCharacterController . The movement interface in the
Agent entity contains both the NavMeshAgent (NMA and Rigidbody
components. It understands the details of how to move amNMAand a
Rigidbody . Then, it de nes its own methods which uni es the understanding of
these components. For example, ahlMAs moved with the SetDestination
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method which accepts a position vector as an argument; whereas tRegidbody
can be moved using theAddForce method which accepts a direction vector as
argument.

The controller entities then use the interface de ned by theAgent entity to
move a player or an Al agent. For example, théiController can decide where
to go in its Update method using some kind of nite state machine, and use the
interface to move the agent afterwards.

Figure 3.1: An Agent entity that is controlled by a PlayerController or an
AiController entity.

The upside of this approach is that theAgent entity only contains the
components which are necessary to control it. Meaning, it doesn't know
anything about being a player or an Al agent, as it de nes its own movement
interface which must be used by the controller entities. The downside is that it
needs to understand the details of how to move amNMAand Rigidbody
component at the same time, which may cause some bloating in its code.

An alternative approach is explained in the next section.

3.2.2 Compound Agent Entity
There are three key entities in this approach:
Agent
PlayerAgent
AiAgent

The Agent entity is an entity which contains the common components that
every agent must have. TheAiAgent and PlayerAgent entities are derived
entities which inherit from the base Agent entity. These entities add the
di erent parts required by each type of agent to become fully functional.

Again, for brevity, suppose that the player agent's movement is controlled by
a Rigidbody . In this case, the AiAgent entity would contain a NavMeshAgent
component, and thePlayerAgent would contain aRigidbody component. Each
entity would contain code that's necessary to operate whatever movement method
they're using. For example, thePlayerAgent would read inputs in Update to
control its Rigidbody in FixedUpdate; and the AiAgent would contain a nite
state machine which determines the combat and movement decisions, and apply
the movement in Update.
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Figure 3.2: The inheritance diagram of anAgent entity and the derived
PlayerAgent and AiAgent entities.

The upside is that the derived entities only know what they're responsible for.
For example, the AiAgent doesn't need to know anything about aRigidbody .
The downside is that the baseAgent entity simply acts as a compound entity
and nothing more. Meaning, the code that is otherwise mostly similar may have
to be duplicated in each entity. For example, even though the movement of the
player and the Al agents have di erences, the parts that might be similar could
possibly be duplicated when writing the code in the derived entities.

3.3 Agents

Agents are the human characters that are controlled by the player and the
computer. They are found in the /Assets/Prefabs directory. There are 3
types of agents:

PlayerAgent
AiAgent
MannequinAgent

The PlayerAgent, AiAgent and MannequinAgent are controlled by the
PlayerAgent.cs , AiAgent.cs and MannequinAgent.cs scripts respectively. All
of the scripts inherit common data from the abstract base clasAgent.cs.
Every agent comes with the following components, which are C# scripts:

EquipmentManager.cs:  Manages the weapon and armor pieces of the
agent.

AnimationManager.cs: Drives the agent's animations by changing the
states of the animator's parameters.

LimbManager.cs: Limbs are the hitbox colliders which are detected by
weapons to make combat related decisions. There are threenbs. head,
torso, legs. The initialization and the dimensions of these are managed by
the this script component.
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A

CharacteristicsManager.cs:  Acts as a way to group characteristics such
as health, extra damage multiplier, etc.

AgentAudioManager.cs: Manages the sound e ects generated by an
agent, such as footstep and grunting sounds.

NavMeshAgent: This is a component provided by Unity. It is attached

to every agent, no matter how they're controlled. This is mainly so that the

Al agents recognize the presence of the player agent. Because the player
agent usesCharacterController to move around, which is not detected
by the NavMeshAgent

The Compound Agent Entityapproach mentioned in section 3.2.2 was used
to implement the agents. This is becaus®layerAgent is moved via Unity's
CharacterController , and the AiAgent is moved by Unity's NavMeshAgent
Thus, it seemed reasonable to let each class handle the implementation details of
each movement solution.

On top of the above, thePlayerAgent is also attached aCameraManager
component. The camera movement must be done after the animation post
processing e ects inLateUpdate, which is why the PlayerAgent controls it.
Still, the camera controls are contained compactly in theCameraManager.cs
script.

The AiAgent is controlled by the code written in the Update callback. The
fact that the upper and lower body of the agents are separated allows them to
move while attacking, as well as the ability to move in a direction which is di erent
from where they're looking at. The code in thdUpdate callback tries to mimic
a simple state machine that governs movement and combat separately, and the
basics of which are as follows:

Movement: If the AiAgent doesn't have an enemy, then it stops moving.

If it has an enemy, then it asks if the enemy is close enough. If the enemy is
too far, the agent moves towards the enemy. If the enemy is close enough,
the agent stands still. Finally, if the enemy is too close, the agent moves

backwards to maintain a certain distance, which depends on the weapon's
length and the agent's size in the world.

Combat : If the AiAgent doesn't have an enemy, or if the enemy is too
far, then the agent does not attack. If the enemy is close enough, the agent
attacks in random directions. If the agent has friends nearby, it prefers
vertical (i.e.: up and down) combat directions to avoid having the weapon
get stuck to the other agents. If theAiAgent gets struck, there's a random
chance that it tries to defend itself for a short period of time, after which
the attacking continues.

The MannequinAgentis used in the GearSelectionMenuSceneto show the
player how the selected weapon and armor pieces look. As its name suggests, it
is merely a mannequin, and it has no other purpose.

3.3.1 Movement of PlayerAgent

The very rst movement related implementation that | ever did was the movement
of the PlayerAgent. To do this, | used Unity's physics system (i.e.Rigidbody )
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at rst. It worked really well, until | realized some screen jitter when | moved
the camera.

The camera follows the agent controlled by the player. The camera can still
be rotated to look around by moving the mouse. So, whenever | rotated the
camera while looking at other agents that were moving, | would notice some
screen jitter. | thought | just had to synchronize the movement of the camera
and the movement of the agents, so | moved the code responsible for camera
control into Update, LateUpdate and FixedUpdate. None of the methods xed
the screen jitter problem.

At this point, | decided to re-implement the player agent's movement using
Unity's CharacterController , since it doesn't make use of &igidbody [39].
The movement itself was good, similar to myRigidbody implementation.
However, the camera jitter problem didn't go away, because that problem was
actually related to input smoothing.

The camera's movement is done by mouse input. At rst, | was using raw
input data, which caused the screen jitter. Later on, | started to smooth my input
data using the SmoothDammethod [40], after which the camera jitter problem
was gone.

In the end, when it comes to player movement, | didn't think there was
much di erence between usingRigidbody or CharacterController . Though
the camera jitter problem was caused by lack of input smoothing, trying to
solve this issue was the main reason why | switched from usiijgidbody to
CharacterController , as | didn't know the cause at the time.

3.3.2 Movement of AiAgent

The movement of the AiAgents are done using Unity's NavMeshAgen{NMA
component. Unity's NavMeshsystem allows you to bake aNavMeshin your
scene, which theNM# can use to navigate around. | believe it's a fairly decent
tool that is easy to use, but I'll mention a few problems | encountered.

Firstly, even though the PlayerAgent itself uses theCharacterController
component to move around, | still had to attach aNMAcomponent to it. This
is because | needed thAiAgents to recognize the presence of thelayerAgent,
which can only be done by attaching this component to it.

The second problem has to do with the movement and animations. TR¢MA
component moves thiAgent around at a certain velocity. | use this velocity to
animate the agent. In other words, depending on the magnitude of the velocity
vector, the agent walks or runs. However, whenever thidMAeaches a given
destination, it tends to stop too abruptly, which causes the movement animation
to instantly go from walking/running to standing still. The NMAomponent has
options so that it slows down smoothly, but none of those options were enough
for me. In the end, | had to write some code which slows down the animation
to make it less visually jarring. The idea is, even if the agent stops, you use the
velocity data from the previous frame to smooth out the animation. | can't say
the problem is completely solved, but | believe it looks better than before.
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3.3.3 Jumping

Jumping was a feature which | wanted to implement for all agents. | wanted the
agents to be able to kick (also not implemented), and jumping would have been
one way to avoid getting kicked. | had to abandon both because of development
time restrictions, but also due to a quirk regarding theNavMeshAgen{NMA
component.

The positions of the AiAgents are driven by the NMASo, even if | made
them jump, it wouldn't work, because theNMAas strict control of the agent's
position, and it attaches the agent to the underlyingNavMesh One workaround
is to disable the control of theNMAwvhen jumping [41]. This didn't seem like
an elegant solution to me, so | just decided not to implement jumping at all for
AiAgents.

The jumping feature is still present on thePlayerAgent, despite having
attached an NMAcomponent. It works because th&iMAs permanently disabled
on the player agent, and it is only there so that the otheNM# recognize the
position of the player. | didn't remove this feature, as | didn't want to risk
breaking anything, and there's no harm in keeping it.

3.4 Animation

Unity's Mecanim was used to implement the combat and movement animations
of the agents. In order to separate the upper and lower bodies, the approach
explained in section 2.2.5 was done. The expected problems were addressed
using the solutions described in the same section. However, some additional
and unexpected problems occurred during development, which are detailed in
the next sections.

3.4.1 Source State Until Fully Transitioned Out

In Unity's Mecanim, there are states and transitions. The states contain the
animations to be played, while transitions are used to transition from a source
state to a target state. When leaving a source state and entering a target state,
the transitions are there to make it so that this process is visually smooth. A
transition occurs if a set of conditions are satis ed, which are de ned in Mecanim
by the developer.

As the title says, Mecanim considers the control ow to be in the source state
until it has been fully transitioned out from the source state to the target state.
This caused me two problems, and | explain one of them now.

For example, when an agent is performing an overhead swing, the atk u
p_release animation is played. When the animation is complete, the control
switches from "atk_up_release" to idle, using a transition.

While the "atk_up_release" animation is played, the boolean
IsAttackingFromUp is true. When the animation is over, the control transitions
to the idle state. However, during the transition, the IsAttackingFromUp
boolean is still true, despite expecting it to be false. The reason for this is
explained in the second paragraph above.
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This is a problem because | do not want to be considered attacking while I'm
transitioning to the idle state. The only solution that | was able to come up
with is to speci cally check every single one of these transitions, in every single
scenario. Meaning, similar to attacking, if | stop defending and start transitioning
to the idle state, | don't want to be considered defending during the transition
itself.

| became aware of this problem much later into the project, which is why the
code regarding the animations are kind of bloated. It's because | have to make
sure every transition is checked speci cally in order to avoid unintended behavior
(and there are a lot of transitions in this project).

3.4.2 AnyState Does not Apply to Transitions

AnyState is a special state de ned in Mecanim. It exists for the situation where
you want to go to a speci c state regardless of which state you are currently in.
As Unity's documentation page says, this is a shorthand way of adding the same
outward transition to all states in your machine. [42].

There are two obvious cases whergnyState would be useful:

The agent gets hurt.
The agent dies.

In both of these cases, we'd like to play an animation. However, here is the
problem. AnyState is meant for states, and transitions are not states. They're
transitions. Therefore, for example, ifAgent Ais in a transition while being
struck by Agent B then the AnyState conditions are simply ignored, and\gent
A does not play the getting _hurt animation as intended. This is because
transitions are uninterruptible by default.

| could not come up with a satisfying enough solution. At rst, | tried to put
the getting_hurt animations in a di erent layer in Mecanim, and play with the
weights of the layers whenever an agent gets hurt. The idea is to smoothly lower
the weight of the combat animations layer to 0%; while increasing the weight
of the newly added getting hurt layer to 100%. The end result was not visually
acceptable to me, but there was another problem. Since the control ow in the
combat animation layer was still doing whatever it was doing, the fact its weight
was temporarily reduced didn't matter, as it just picked up where it was left as
soon as the layer's weight was increased.

| solved this problem by going to every single transition in Mecanim, and
setting their Interruption Source: None property to Interruption
Source: Current State . This made it so that all the transitions are now
interruptible, which allowed the agents to transition from AnyState to the
getting_hurt  animations. However, the fact that the transitions are
interruptible introduced yet a new problem.

Recall from the previous section that Mecanim considers the control to be in
the source state until it has been fully transitioned out. Now, since the transitions
are interruptible, the transition can actually be changed until one of them ends
up being lucky enough to escape. This depends on the order of the transitions
listed on a given state, which is because th@rdered Interruption property is
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checked [43]. Unchecking it would have made things less predictable, which is
why | left it checked.

I'll explain with an example. Suppose you have an agent in the idle state,
and you want to start attacking. The transitions are listed from top to bottom
as follows:

N

atk_up
atk_right

atk_down

N

atk_left

Note that when interrupting a transition from a source state, Mecanim
prioritizes the transitions in a descending order. That isatk_up has the highest
priority; while atk left has the lowest priority. This means that anatk_left
transition can be interrupted by anything above it; whereas anatk up
transition cannot be interrupted by anything below it.

Now, let's imagine that you wanted to attack from the right, so you move your
mouse to the right and do a left click on the mouse. The agent will begin the
transition from idle to atk_right . However, before the transition was completed,
let's assume that you moved your mouse forward and did another left click. This
will interrupt the existing transition, and the agent will begin to start attacking
from up instead.

Normally, the intended behavior is to fully commit to an attack direction once
it was chosen. However, since transitions can now be interrupted, you can start
from the bottom-most transition and keep interrupting it until one of them lasts
long enough to reach its targeted state.

Since every transition was made interruptible, the behavior described above
may be experienced in other circumstances, and cause a janky feeling while
playing. Therefore, this is not really a solution, but merely a workaround with
its own downside. However, the alternative is to have the agents ignore being
struck, and continue what they were doing without inching. That sounds worse
to me, so | decided to keep this workaround.

3.4.3 Transition Duration Cannot be Changed at
Runtime

Later in development, once | set up the animations, | decided to make it so that
some weapons are faster than others. For example, | wanted to make swords
attack faster than axes. Since my animation state machine in Mecanim makes
heavy use of transitions, the way to achieve this goal is to change the transition
duration of attack related transitions at runtime, based on the properties of the
weapon.

This is simply impossible, as the title suggests. Unity does not allow changing
the transition durations in Mecanim at runtime. Apparently, the reason is simply
because it was not requested by our client., according to this Unity forum thread
[44]].
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One ideais to include thdJnityEditor namespace, which allows the transition
durations to be altered via code, as can be seen discussed in this forum thread
[45]. However, the problem is that theUnityEditor namespace is not included
in a nal build [46], which is why this approach would not work.

Since the speed of animation states (not transitions) can be modied at
runtime with the use of animator parameters, another idea is to use handcrafted
animations in place of transitions. However, it's not feasible to create enough
animations for every possible transition while still maintaining the visual
coherency of the movements. This is because transitions can be interrupted at
any moment, so one would require innitely many animations, which is
impossible.

For these reasons, | had to settle with using hardcoded transition duration
values for every transition. This means that every weapon will have the same
attack speed, no matter what.

3.4.4 Waist Warping

One of the consequences of separating the control of the upper and lower body of
the agents is what | call waist warping. In extreme situations such as the one
which can be seen in gure 3.3, the agent's waist is warped.

Figure 3.3: In the picture to the left, the agent is moving right while attacking
from the left. In the picture to the right, the agent is moving left while attacking
from the right.

One solution | can think of is the following. Use the blend tree as usual, but
create some states which are meant to be transitioned to whenever there is an
extreme situation which would cause the agent's waist to be warped. When the
extreme situation is no longer the case, the control can switch back to using the

blend tree.
| had anticipated this problem in 2016, which is why | had created four

animations:
run_e_ backwards

run_w_backwards
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walk_e_backwards
walk_w_backwards

For example, if the agent decides to attack from the right while running to the
left, this could be recognized in the code, and let the animator know by changing
a parameter. In this case, the control would switch taun_w_backwardsuntil
the extreme conditions are gone, in which case the control would return back to
using the blend tree as usual.

| did not have a chance to try this approach due to time restrictions, but |
think it would work. However, note that | only have these four animations readily
available, so even this solution may not be su cient in some cases, which is why
it might be necessary to create more animations for other extreme cases.

3.4.5 Arm Going Backwards

The animations were done using keyframe animations. Due to the way the
keyframe animations are interpolated, there could be some issues. For example,
when interpolating the rotation of a bone between keyframes, it is often seen
that the software will prefer the shortest path available. This can sometimes
cause issues. For instance, if the rotations of a bone are not set properly
between two keyframes, then you could have a character whose arms twist in an
unnatural way, resulting in unrealistic visuals. One possible solution to such a
problem is to add yet a third intermediate keyframe that explicitly points out
which path the software should prefer when interpolating between the starting
and ending keyframes.

However, there are cases where you cannot simply add more keyframes. An
example of this would be the transitions in Mecanim. When a transition occurs
from a source state to a target state, | imagine that Mecanim uses a similar
interpolation method as the one | described above.

| encountered an issue like this in the following case: As can be seen from the
picture, when transitioning from idle_pole to atk_polearm_up, the left arm
of the agent would go from his back instead of the front. To my knowledge, |
cannot simply add keyframes on a transition. Firstly, the animation was made in
Blender, so Unity just launched Blender whenever | tried to edit the animation
from within Unity. Secondly, since the agent could decide to make this transition
in several di erent timings, | don't even believe it makes sense to try something
like this.

| solved the problem with a very simple solution. | went into theidle_pole
animation, and changed the rotation of the left arm a little bit. As gure 3.4
shows, the change was enough to make it so that the interpolation causes the left
arm to go from the agent's chest, and not behind his back.

3.5 AgentAC

The movement and combat animations of every agent are set up in Unity's
animator state machine called Mecanim. Every agent has aAnimator
component named attached. The Animator component is driven by an
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Figure 3.4: In the left picture, the left arm of the agent goes from the back. In
the right picture, both arms go from the front as expected, thanks to the solution.

Animator Controller (AQ. The name of the ACwhich the agents use is called
AgentAC This section brie y explains what AgentAClooks like.
There are three animation related layers used iAgentAC

Base Layer
" AtkAndDef
~ ldle

3.5.1 Base Layer

The name of this layer is Base Layer. | will not be calling it Base Layer layer.
Instead, I'll just write Base Layer.

The Base Layer contains the blend tree which is responsible for the walking
and running animations. It also contains the death animation, as well as the jump
related animations. Note that the jumping feature was abandoned due reasons
explained in section 3.3.3, but the player agent can still jump.

The blend tree in the base layer is controlled by two animator parameters:
moveXand moveY The parameters are controlled by thePlayerAgent.cs for
player's movement animations. TheAiAgent.cs uses the velocity vector obtained
from its NavMeshAgentomponent to modify the two parameters.

The base layer does not use afivatar Mask This means every bone of the
agent's skeleton will be a ected by any animation being played on this layer.

3.5.2 AtkAndDef Layer

The AtkAndDeflayer contains the combat related animations. It uses thAvatar
Masknamed AttackAndBlockMask This mask marks the spine bone and all of
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its children to be used by this layer. The unchosen bones in the avatar mask are
una ected.

The AtkAndDef layer controls the upper body of an agent; while the lower
body is controlled by theBase Layer. This is done implicitly. To elaborate, the
Base Layeris listed higher above theAtkAndDef layer, which gives it a higher
priority over the control of the bones [47]. Itis also a layer layer without an avatar
mask, which means that it a ects all bones. TheAtkAndDef layer is below the
Base Layer, but it uses an avatar mask which gives it control on the upper body
bones. Combining these, we get the conclusion that tigase Layer controls the
lower body whereas theAtkAndDef layer controls the upper body.

The combat logic in this layer is explained in the section 3.5.6.

3.5.3 Idle Layer

The nal layer is called Idle . It uses the avatar mask nameddleMask. This
mask controls the left and right shoulder bones, and their children. This layer is
used to control the idle animation of the arms while the agent is not attacking.

3.5.4 How the Layers Work Together

When an agent is not attacking, theBase Layerand the Idle layer work together.
At rst, the movement animation in the Base Layer controls every bone in the
agent's skeleton. After that, the idle animation in theldle layer kicks in. The
Idle layer only controls the left and right shoulder bones (and their children).
The nal result is an agent which walks/runs while idling with the correct idle
animation. This is important. Without the Idle layer, the walking and running
animations by default makes the skeleton run and walk normally, waving his arms
around. Because that's what the movement animation clips look like. When the
Idle layer kicks in, the agent doesn't wave his arms around. Instead, he holds
his weapons in his hands.

The above is what happens when an agent is not attacking. This is achieved
by controlling the weights of the layers inAnimationManager.cs. The Base
Layer doesn't use an avatar mask, so it doesn't have a weight. However, the Idle
layer has an avatar mask, which is why its layer weight is set to 100% while the
agent is not attacking.

When the agent is attacking, theBase Layerand the AtkAndDef layer work
together. As explained above, th®ase Layercontrols every bone in the agent's
skeleton. Then, the animations in theAtkAndDeflayer kick in. The bones which
are a ected are the spine bone and its children. This makes it so that the agent
can attack while moving in any direction. This is achieved by setting the weight
of the AtkAndDef layer to 100%.

The weights of theldle layer and the AtkAndDeflayer are changed whenever
an agent starts/stops attacking. For example, let's assume that the agent is
running left without attacking. The Base Layer controls the movement, and
the Idle layer makes sure that the arms are holding the weapon correctly while
facing the direction of the movement. When the agent attacks, the weight of the
Idle layer is smoothly brought down to 0%; while the weight of theéAtkAndDef
layer is brought up to 100%. This ensures that the upper body plays the combat
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animation while the lower body continues to run to the left as usual.

3.5.5 AgentAOC

The AgentACand AgentAOCare dierent things. AgentAOCs an Animator
Override Controller (AOQ It allows swapping some animations in a given
Animator Controller (AQ.

The combat animations were excruciatingly set up once in thAtkAndDef
layer. The animations that were used ar&dwo Handegveapon animations. They
resemble a person holding a large weapon with two hands, and performing combat
moves. However, the game also includ&olearm weapons. Polearms are melee
weapons such as spears and long axes. The animations for these are di erent, and
it's necessary to use the correct animations for the appropriate weapon types.

Unity's AOCcomes to the rescue. It allows picking aAC (in this case,
AgentAQ, and cherry picking which animations need to be replaced using an
AOCThis saves us from having to duplicate the logic of the animation states,
just because the animations are di erent.

The information regarding an agent's weapon type can be found in the
EquipmentManager.cs script. When a weapon is equipped, it informs the
AnimationManager.cs script, and the appropriate animations are used with the
help of AgentAOC

3.5.6 Combat Animations Logic

Just Blade uses a four directional combat system, where the agents can attack
and defend in four directions: up, right, down, left. The down attack is simply

a thrust, while the other attacks have a swinging motion. The agents can perform
these actions while moving or standing still. These are the core aspects which
were heavily inspired by M&B:W's combat.

The player can attack using the left button of the mouse (i.e. left click);
and defend using the right button of the mouse (i.e. right click ). The direction
is chosen via mouse movement. For example, if the player moves the mouse to
the right and does a left click, then the agent in the game will attack from the
right. Doing a right click instead will cause the agent to defend from the right.

The logic of the combat animations are placed in thé\tkAndDef layer in
AgentAC The names of the animations look like atk 2h up _hold or
def 2h_up_hold. This is because, by default | used the Two Handedveapon
animations. The up direction is one of four, as described above.

In this section, | outline the basic logic of how the attack and defend
animations are set up inAgentAC The combat is done with the use of states
and transitions in Mecanim. The weapon's name and the combat's direction
will be omitted from the explanations. For example, | will write atk_hold
instead of saying atk_2h_up_hold.

Attacking occurs over several stages, which are explained below:

" Windup: In this stage, the agent is preparing to attack from a chosen
direction. This is represented by a transition from a source state to an
atk_hold state in AgentAC
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Hold: Once the windup stage is over, the agent is allowed to wait
inde nitely before releasing the attack. This is done by making the
atk_hold animation wait inde nitely (i.e., by not letting it loop).

Release: This is the stage in which the attack is actually performed. The
agents are able to hurt other agents in this state. This is represented by an
atk_release state in AgentAC

Recovery: Occurs right after the release state. When the release state is
over, the agent smoothly returns to the idle state thanks to the recovery
state.

The attack recovery stage itself can come in two forms:

Release recovery: This is when the released attack is not interrupted, i.e.
either the attack was missed or the opponent was unable to de ect it and
got hurt. This is represented by a transition from theatk_release state
to the idle state.

Rebound recovery: This is when the released attack comes in contact
with an object in the scene or when the opponent successfully de ects the
attack. This is represented by a short transition from theatk_release state

to the atk_bounce state, followed by having to fully play the atk_bounce
state itself. After the atk_bounce state is played, the control transitions to
the idle state.

Similarly, defending also takes a few stages:

N

Windup: In this stage, the agent is preparing to defend in a chosen
direction, and is unable to de ect attacks, even if the direction is correct.
This is represented by a transition from a source state to thdef hold
state in AgentAC

Hold: Once the windup stage is over, the agent is allowed to wait
inde nitely to de ect any attacks from the appropriate direction. This is
done by allowing thedef_hold animation to hold inde nitely (i.e., by not
letting it loop).

Blocking: This occurs when an attack was successfully de ected. In this
state, the agent is still allowed to defend against attacks from the
appropriate direction. This corresponds to thedef blocked states in
AgentAC

Recovery: This is the state where the agent stops defending and returns
to the idle state.

The defending recovery stage itself can also come in two forms:

Hold recovery: This is when the agent decides to stop blocking and return
to the idle state after holding the defensive position for some time. It is
represented by a transition fromdef_hold to the idle state.
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Block recovery: This stage occurs when the agent decides to stop
blocking after having de ected an attack, and return to the idle state.
This is represented by playing thedef_blocked animation, followed by a
transition to the idle state.

Both attacking and defending are usually performed from an idle state, i.e.
the state in which the agent is not doing anything at all. However, there are
exceptions. For example, an agent can transition to arDefend Windup
immediately after an Attack Recovery, without having to transition to the
Idle state at all. This was done so that defending is a bit easier compared to
performing an attacking.

All of these can be performed while moving or standing still. Moving the
agent does not prevent it from attacking or defending, since the upper and lower
bodies are separated. In some games (such as Dark Souls [48]), the agents can
either move or attack. Doing these together is not an option (with very minor
exceptions).

The transitions between the above combat states are controlled by the
following animator parameters: combatDir, isAtk , isDef, isAtkBounced,
isDefBounced. The isAtk and isDef parameters become true when the agent
wants to attack and block respectively. If an attack gets rebounded,
isAtkBounced is set to true. If an agent successfully blocks an attack,
isDefBounced is set to true.

The combatDir is an integer parameter used to specify the four combat
directions, which are as follows:

A

Up is O (zero)
" Rightis 1
Down is 2

" Leftis 3

These combat directions and their corresponding integer values are consistent
throughout the entire project.

The transition durations between the combat states were meticulously chosen
and written down in the AgentACfor each transition. These numerical values will
not be detailed here. For more information, refer to the text le named AgentAC
Mechanics Notes.txt under /Assets/AnimatorControllers

3.5.7 Blend Tree

The movement animations are done using a blend tree, which can be found in the
Base Layer. This tool blends the walking and running animations of the agent
seamlessly.

| learnt how to use this feature back in 2016, which is the reason why the
movement animations were made speci cally to be used in a blend tree.

There are walking and running animations for each cardinal and
intermediate direction. The blend tree is controlled with two parametersmoveX
and moveY The idle animation is at the center, with (0, 0) coordinates. The
walking animations are placed away from the center, using a distance of 0.5;
and the running animations use a distance of 1.0 to be away from the center.
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