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[bookmark: _Toc39518974]Introduction
This report aims to present the implementation of software application, which has been created in the Unity Game Engine. Accordingly, the document describes implemented techniques and patterns related to games development. Moreover, the discussion about software verification and validation is included. Besides, the work is mainly based on accomplished tasks form tutorial classes and also other sources of knowledge in the field of games programming.
[bookmark: _Toc39518975]Requirements
The implemented application software idea has been developed as a simple 3D combat game in the Unity Game Engine. The code part of the project was programmed in C# programming language, which is the most popular choice to work with Unity. Furthermore, the given task required to meet given activities of the application.
Requirements:
a) To have a goal or objective
b) To implement levels and progression
c) To design AI navigation and pathfinding
d) To create UI elements
e) To implement dynamically generated game objects









[bookmark: _Toc39518976]The game
The game is a combat game inspired by a minigame from the production of CD-PROJEKT RED The Witcher 2: Assassins of Kings. Namely, this is the arena game, where the player must defeat all enemies in a current level to progress to the next one.
The design of the game is modelled on medieval fantasy where the player controls a warrior character moving around the scenery of an old castle. However, the main objective requires the player to defeat all wave of enemies. Also, to achieve the goal user may choose between various weapons, which differ in range and attack values.
The list of available weapons:
a) Short sword
b) Longsword
c) Bow
d) Short sword and shield
[image: ]
Fig.1 The view of the game scene.
[image: ]
Fig.2 The main character in the game.
[image: ]
Fig.3 The example of the enemy character.
For destroying an enemy, the amount of points is received. Besides, the player can earn extra points by finding an object of the key in the game. The score is calculated in real-time until the event when the player will lose all health. Nevertheless, health can be restored by acquiring the heart game object. The game is finished when the player is going to accomplish all three designed levels.
[image: ]
Fig.4 Collecting the animated key game object adds 500 points to the overall score.
[image: ]
Fig.5 Collecting the animated heart game object restores 1/10 of the max health.
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The development process of the game has been started from designing the main scene and setting assets. Moreover, the main scene of the gameplay was blocked by created colliders on the boundaries of the arena. Furthermore, the colliders were also used to set the surface on which the player can move.
[image: ]
Fig.6 The colliders used to set the main area of gameplay.
Due to saving the computational power and creating a walkable surface for AI, generating lighting and baking NavMesh have been required.
Further, the main character and enemy model have been modified concerning the game needs. The system of movement, weapon change method and attack strategy have been incorporated.
The main game camera follows the main character, keeping a distance behind its back. What is more, the player is able to control the position of the camera by moving the mouse.
[image: ]
Fig.7 Camera view during the gameplay. This approach allows rotating character when moving the mouse.
Likewise, the main character movement is based on provided scripts. Nevertheless, the code was modified by adding gravity and jumping.
[image: ]
[image: ]
Fig.8 Jumping example and the features of the movement mechanic.
Moreover, the player is able to switch between available weapons, which has various properties.
[image: ]
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Fig.9 The examples of provided weapons and their statistics.
Additionally, if the character is equipped in bow and arrows, a simple mechanic of shooting arrows has been implemented. Hence, the foresight is displayed in front of the camera to help to aim while the archery mode is on.
[image: ]
Fig.10 The released arrows move in the direction designated by the foresight.
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Fig.11 The fire rate is dependent on the set animation event. Consequently, the arrow is released when BowAttack animation state reaches the specific time.
Incorporated AI system has been designed to hand movement and attack strategies of enemies. Basically, dynamically instantiated enemies are spawned at provided respawn points. The number of spawned opponents can be modified by the developer regarding specifications of the level.
[image: ]
Fig.12 The respawn manager is responsible for finding respawn points in the current level, setting a kind of enemies, the number of objects to spawn and spawning approach.
Thereby, if the enemy is spawned, it starts to follow the designed path. The path is indicated by a group of connected waypoints. Besides, AI characters are navigated due to the navigation mesh and NavMesh agent. This allows them to pathfinding and omitting obstacles in the game world. Similarly to respawn points, the waypoints can be modified by the developer.
[image: ]
Fig.13 The list of the waypoints is navigated by the enemy character at the moment when it is spawned. Due to the waypoint controller script, the enemy is going to travel between founded waypoints.
Moreover, the AI opponents dispose of the ability to fight the player. When the enemy appears in the scene, it wields a randomly chosen weapon. Further, if the main character will be in the attack range of the foe, the enemy begins to chase the player and to perform an attack.
[image: ]
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Fig.14 The examples of wielding various weapons by AI characters. 
Correspondingly it was challengeable to incorporate distance shooting mechanic for AI characters. Nevertheless, a simple solution has been applied. Henceforth, enemies equipped in bow and arrows can attack from a greater distance and release the arrows forward due to tracked direction of the player position.
[image: ]
Fig.15 The captured moment of archery system in the game.
The implemented health system determines actions and states of characters in the game. Thereby, if health points expired for the attached game object, this object is destroyed. And in case of the main character, the game is over. Furthermore, while the enemy is defeated appointed points are added to the overall score.
Additionally, the health points of the main character can be restored if the heart game object collides with it. Likewise, the extra points can be scored when the player hit the box collider of the key game object.
The current health and score values are displayed to the user as a part of the UI system. This also includes the timer, which shows the time spend in one life of the main character. These statistics inform about the situation of the player in the game.
[image: ]
Fig.16 The example of health, timer and score UI patterns displayed in the gameplay.
What is more, designed particle effects have been bind to some elements of the game to shape the visual effects of the game. For instance, the heart game objects, and the key game objects rotate around the y-axis, while the particle effect makes the rotation smoother and pleasing for the player. Besides, when a character is hurt, the simulating taking damage particle effect is played via using the code. 
While, the essential gameplay environment had been accomplished, designing other scenes started. Firstly, the main menu scene was created. The main menu contains a background picture relevant to the theme of the game and three buttons, which allow a user to open other scenes or exit the application.
[image: ]
Fig.17 The picture of the main menu looks. Moreover, the buttons change colours when they are highlighted. A user can click on the start button, and run the game, chose the options button to manipulate the volume of the game or press the exit button to escape the app.
Another created scene is the options scene. Accordingly, this is the place where the player is allowed to set the volume of the music by regulating the slider. The volume can be automatically set to the default value by pressing the relevant button.
[image: ]
Fig.18 The picture of the options scene.
Further UI development considered designing and creation of canvas for various states in the game. For instance, when the player character loses, an appropriate canvas should be exposed to the view of a user.
The list of designed canvas:
a) In-game menu canvas – The canvas is displayed if the application received "escape" input from the keyboard. The repetition of the operation closes the canvas. Furthermore, the displayed object is made of the resume button, which resumes the gameplay, the restart button that if pressed reset the level and the exit button.[image: ]
b) Winner canvas – The canvas is displayed if the current level is completed. The number of finished waves, the next level button, which loads the next level, and the exit button are attached to this canvas.
 [image: ]

c) Lose Canvas – The canvas is displayed if the health of the player is reduced to null. The restart button simply restarts the level when the exit button exits to the main menu scene.
[image: ]
d) Pause Canvas – The canvas is displayed if the player press “t” button. Backing to the game is allowed by pressing “g” button. Moreover, when the new level is loaded, the application is automatically paused, so the user must press the “g” button to back to the gameplay.
[image: ]

e) [image: ]End Game Canvas – The canvas is displayed if the player is managed to accomplish all three levels.

Finally, the game manager has been incorporated to the application, and its responsibilities regard keeping tracks of what state the game is in, manages resources as well as records and stores data for various purposes such as audio settings or the progress of the player. Moreover, the game manager is based on the Singleton pattern. Namely, there will be only one instance of this object through the working time of the software.
[image: ]
[image: ]
Fig.9 The build of the game manager and its components. The level loader object is storing methods for management of scenes. The canvas object keeps all UI elements, and the music player is responsible for arranging the music during the application runtime.







The list of the main implemented scripts:
· GameManager
· LevelLoader
· CustomUnityEvents
· MusicPlayer
· PlayerPrefsController
· Respawn
· RespawnManager
· RotateGameObject
· WaypointController
· MouseLook
· Collectible
Also, some of the scripts provided by the tutor in the module tutorials have been implemented and modify for the project purpose.
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The test cases have been developed for verification and validation of the created software. Moreover, four of the performed tests are attached in this part of the report.
[bookmark: _Toc39518979]Test 1
	Test Case Id:
MenuAccess
	Test Purpose: To check if the in-game menu can be accessed at any time during the game

	Environment: 
Windows 10 Pro
Unity v.2019.2.11f1
Microsoft Visual Studio Community 2019 v.16.1.1

	Preconditions: The game must be started.

	Test Case Steps: 3

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Press the start button in the main menu.
	[image: ]
The main menu has three buttons. The start button is at the top.
	Pass

	2
	The gameplay has already started. Move character forward by pressing “w” on the keyboard.
	[image: ]
The health, time and score values are displayed at the top of the screen. The character is always in the centre of the screen.
	Pass

	3
	Press the “Esc” on the keyboard.
	[image: ]
The menu in the game is displayed in the centre of the screen as a canvas.
	Pass

	Comments:
All steps have been passed.

	Related Tests:
· CharacterMovements

	Author: Bartosz Galantowicz
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	Test Case Id: HealthIncreaseDecrease
	Test Purpose: To check whether character health level increase when moved onto the ‘heart’ icon in the game or decreased when the player is hit

	Environment:
Windows 10 Pro
Unity v.2019.2.11f1
Microsoft Visual Studio Community 2019 v.16.1.1

	Preconditions:
· Health level must be lower than 100
· The game must be started
· Enemy must exist

	Test Case Steps:

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Press the start button in the main menu.
	[image: ]
The main menu has three buttons. The start button is at the top.
	Pass

	2
	The gameplay has already started. Move character forward by pressing “w” on the keyboard.
	[image: ]
The health, time and score values are displayed at the top of the screen. The character is always in the centre of the screen. The health has a maximal value of 100 at the beginning.
	Pass

	3
	Move towards the enemy using “w”,” a”,”s”,”d” on the keyboard.
	[image: ]
The enemy is going to move toward the main character.
	Pass

	4
	Let the enemy hits the player.
	[image: ]
The health value decreased to 70.
	Pass

	5
	Locate the heart game object in the scene using a mouse.
	[image: ]
The heart game objects are above the walkable surface and can be seen from far.
	Pass

	6
	Move toward the closest game object using “w”,” a”,”s”,”d” on the keyboard.
	[image: ]
The health value will not be increased until the player is not colliding with the heart game object collider.
	Pass

	7
	Collide with the heart game object, using “w”,” a”,”s”,”d” on the keyboard.
	[image: ]
The health value has been increased by 10 to a total of 80.
	Pass

	Comments:
All steps have been passed.

	Related Tests:
· CharacterMovements

	Author: Bartosz Galantowicz
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	Test Case Id: CharacterMovements
	Test Purpose: To check if a player can move the character in all directions using a keyboard.

	Environment:
Windows 10 Pro
Unity v.2019.2.11f1
Microsoft Visual Studio Community 2019 v.16.1.1

	Preconditions: 
· The game must be started

	Test Case Steps: 5

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Press the start button in the main menu.
	[image: ]
The main menu has three buttons. The start button is at the top.
	Pass

	2
	The gameplay has already started. Move character forward by pressing “w” on the keyboard.
	[image: ]
The character always moves forward until the key is released.
	Pass

	3
	The gameplay has already started. Move character left by pressing “a” on the keyboard.
	[image: ]
The character always moves left until the key is released.
	Pass

	4
	The gameplay has already started. Move character backward by pressing “s” on the keyboard.
	[image: ]
The character always moves backwards until the key is released.
	Fail

	5
	The gameplay has already started. Move character right by pressing “d” on the keyboard.
	[image: ]
The character always moves right until the key is released.
	Pass

	Comments:
Steps 1,2,3 and 5 have been passed.
Step 4 failed - The character does not move backwards.

	Related Tests: 
· HealthIncreaseDecrease

	Author: Bartosz Galantowicz
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	Test Case Id:
NextLevelPause
	Test Purpose: To check if the player can escape the pause state to make the next level active of the game.

	Environment:
Windows 10 Pro
Unity v.2019.2.11f1
Microsoft Visual Studio Community 2019 v.16.1.1

	Preconditions:  
· The game must be started
· Next level must be achieved
· Enemies must exist

	Test Case Steps: 7

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Press the start button in the main menu.
	[image: ]
The main menu has three buttons. The start button is at the top.
	Pass

	2
	Choose the weapon using “2” on the keyboard.
	[image: ]
The character is wielding the longsword weapon.
	Pass

	3
	Move towards the enemy using “w”,” a”,”s”,”d” on the keyboard.
	[image: ]
The character starts with zero score value.
	Pass

	4
	Press left mouse button once to attack the enemy.
	[image: ]
The character is attacking the enemy. After one hit, the enemy has been destroyed.
	Pass

	5
	Repeat step 3 and 4 twice.
	[image: ]
Destroy all the enemies in the scene. The score value raised after destroying the enemies.
	Pass

	6
	Press the next level button.
	[image: ]
The win canvas containing two buttons is popping out. The next level button is at the top.
	Pass

	7
	Press the “g” on a keyboard to activate the next level.
	[image: ]
The scene is paused.
	Pass

	Comments:
All steps have been passed.

	Related Tests:
· CharacterMovement
· IncreaseDecreaseHealth

	Author: Bartosz Galantowicz
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Summarising, the development process of the assigned task has improved the skills in the field of programming and design games. Nevertheless, the final product contains some failings regarding the mechanics and animations. During the work on the project, the vast part of the time was spent on setting the assets and trying control animations.
Besides the changes in animations, the created application requires some other advancements. The proposed improvements and implementations include:
· Designing and implementing various kinds of foes.
· Improving archery mode.
· Adding additional obstacles.
· Improving the balance of difficulty in the game.
· Adding additional objectives.
· Expanding levels.
· Improving physics and collisions.
· Implementing more sounds effects.
Although the designed game is not perfect, the feeling of gameplay is noticed. Moreover, the atmosphere and looks of the production is suitable for the proposed concept.
The other conclusion is that making computer games is an excellent opportunity to learn to program. This method allows for a better understanding of abstract ideas of coding. For example, the concepts such as event handler or object-oriented programming can be visualised in the virtual reality of a game engine.
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