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1 ABSTRACT

The report aims to research features and patterns used in developing games engines.
Moreover, the studies are based on given game engine prototype, which can be extended and
modified. Hence, the various programming approaches have been incorporated into the

prototype, to analyse how game engines are built and how they work.
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3 INTRODUCTION

The given prototype game engine has been programmed in C/C++ language. Therefore, the
same language was applied to achieve the designated goals of the assignment. Moreover, the
SDL library was incorporated to provide low-level access to audio, input devices and graphic

hardware via OpenGL.
Due to the research on games design patterns, the following examples have been studied:

e Singleton Pattern
e Timer
e Game Loop Pattern

¢ Command Pattern

Additionally, integration of the object loader tool and the game engine was required to read
3D meshes and modifying them. Also, it was managed to code a simple bitmap file loader,

which is responsible for generating textures.

4 PATTERNS IMPLEMENTATION

4.1 SINGLETON PATTERN
Singleton pattern is used when a single instance of the object is wanted over a full period of

a program work time. Thus, one class based on the singleton pattern can be applied to
coordinate events and actions across the program functionality. The idea for the program is to

make sure if there is not any other object of that instance. Otherwise, the instance is deleted.

In games development, the singleton pattern is a handful to organises a game structure. Due
to avoid incorrect behaviours of the software, objects like a timer or input manager should be
initialised only once by an application. Moreover, they must be accessible globally in the
program. Thereby the mentioned examples are perfect representations of singleton pattern

implementation.
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sInstance

return sInstance

sInstance

instance

if (sInstance

sInstance

Fig.1 The examples of using the singleton pattern in the code.

4.2 TIMER

The timer is the object of the class, which is in charge of keeping track of time in a computer
program. There should be one instance of this object when it is used in runtime. Furthermore,
it is the base for other patterns in games programming. Allowing to obtain framerate
independence and to manage the time are the vast advantages of this method. Therefore, by
calculation of time between frames, it is possible to run the program with the same speed on

devices with various hardware specification.

The implemented timer for the purpose of the assignment is simple, and its main role is to
count the time. The start of this process is possible due to SDL_GetTicks() method, which
returns the number of milliseconds since the SDL library initialisation. Furthermore, arranging
tramerate independence is allowed by the computation of elapsed ticks and the difference

between frames.
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instance

"delta time:
"FPS: "

Fig.2 The example of using the timer by the main loop of the program.

Consequently, the properties of the timer are applied to the main game loop. If the delta time
is equal or bigger than the time needed to generate one frame, then the update methods may be

called.

if (keyDown (SDL_SCANCODE_W

< "W has been pressed" <«

anslate(@ timer->ge
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Fig.3 Delta time can be used to set framerate independence.

Delta time can also be used in other patterns. For instance, by multiplying the translate value

of y by delta time, the growth in y will be constant.

4.3 GAME LOOP PATTERN
Game loop pattern, also called the main loop, is fundamental for each game program. The

idea is that the game is kept running by a continuous controlled loop until a quit is decided by

a user. The structure of a game loop is:

e Process input
e Update states
e Render objects

e Repeat the above at a provided rate

The timer pattern can be used in the main loop, which results in framerates independence in
the program. Namely, the elapsed time is taken into consideration by the loop to perform input,
update and render methods over a specified amount of time. The program was set to display 60

frames per second.

Fig.4 The main loop of the program.
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The work of the coded game loop is dependent on the value in gameOver variable, which can
be modified by the input of a user. Inside the loop, the timer is updated, and the delta time value
checked that if it is true, the proceeding input begins. In result, the appropriate methods are

updated. While all updates are done, the timer is reset, and the render functions can be called.

Fig.5 The program is set to display approximately 60 frames per second.

Testing the game loop was carried out by modification a mesh object during the work of the
program. The mesh object has a form of a 3D cube model, and it is displayed in the application
window. Nevertheless, the object can be manipulated by taking input from the user and

updating its position on the screen.

Fig.6 The example of a rendered object.

Another developed test is performed by updating multiple game objects in the game loop.

The time of the update of a single object is displayed as a result of this operation.
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Fig.7 Creating game objects in the program and testing the time of their updates.

4.4 COMMAND PATTERN
The command pattern is designed to process requests by binding relevant actions. The

example of using the command pattern is the implementation of a method which would allow
for processing input from a user. Therefore, meaningful actions can be performed after pressing

a button, which is assigned to the appropriate function.

Fig.8 The example of the process input implementation.

Furthermore, the simple translate() function has been added to existed mesh class to test the

functionality of the object by transforming its position.
translate f1
for (int i P; i

pVertic

pVertices[i
pVertices

Fig.9 The translate() method is used to move a rendered object.

The command pattern approach has been incorporated into the game engine in the form of

the simple input manager class, which the main task is to handle user input. This is
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accomplished by identifying the location of a pressed key, according to SDL scancode. Thus,

the two basic methods have been programmed based on this pattern. This allows moving the

object by pressing W, A, S, D keys and using ESCAPE key to stop the game loop and exit the

program. Moreover, the ability to moving an object in the game engine could be a tool to test

its functionality.

return fa

has been pressed” <

=

™

Fig.10 The input manager is responsible for reading input, which is obtained by the program

to move rendered objects.
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Fig.11 The examples of moving the rendered object in various directions.

5 BITMAP LOADER

It was tried to program a bitmap file loader to the application. In result, the simple texture
loader was created for the mesh class. Therebys, it is allowed to initialise a mesh by providing

the directory of the bitmap file.

The texture is loaded from a provided .bmp file and bind to a variable, which can be used to
map the textures. Thereby, the draw function in the mesh class has been modified to drawing

the textured object.
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myobj .objloader
objTe
objPoly2Vertex

myobj .objloader( “cube.obj"
objTextCoord
objPoly2Vertex

Fig.12 Various constructors have been created to allow a user to manipulate in generating
meshes. The specific data can be set after providing object file data and relevant bitmap data.

Also, if the argument is void type, the default object is set to "cube" object file.

Fig.13 The example of drawing textured mesh function.
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Fig.14 The designed bitmap loader allows for loading textures.

% on wea L

Fig.15 The example of the textured mesh object.
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6 ADDING NORMALS AND TEXTURE COORDINATES

Adding normals and texture coordinates have been implemented by creating specific methods
in objectloader class and mesh class. Nevertheless, the object is not rendered correctly, when

texture coordinates are applied to the textured mesh.

normcoord_qty
normcoord

objTextCoord

objNormal

pVertices
pTextCoord
pNormals

lesh objTextCoord

myobj getNum
pTextCoord TextCoord

vertexCount

pTextCoord u myobj getTe
pTextCoord v myobj getT

h  objNormal

myobj getNumNormals
pNormals DR r

vertexCount

pNormals normal »
pNormals normal myobj get
pNormals normal z myobj getNormals
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Fig.14 The initialised variables and function for storing texture coordinates and normals.

vertexCount

Vertices

std

pVertices

pVertices

Fig.17 The example of function which renders a textured mesh involving previously added

texture coordinates.
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8 APPENDIX

8.1 TesT CASES

The test cases are presented in this section of the report as evidence of evaluation and testing

the developed software.

Test C

ObjectRender

ase Id: Test Purpose: To check if the cube and house objects can be rendered.

Environment:

Windows 10 Pro

Microsott Visual Studio Community 2017 v.15.9.15

Preconditions: The program has been started.

Test Case Steps:
Step | Procedure Response Pass/
No Fail
1 | Locate the Pass
Source.cpp and
set mesh *pmesh
object (Line 23)
to "house.obj".
The new mesh object is going to load.
2 | Press "CTRL" + Pass
"F5" buttons to _
run the debug = I
mode.
The application windows are displayed. The "house" is
rendered in the OGL window.
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Locate the
Source.cpp and
set mesh *pmesh
object (Line 23)

to "cube.obj".

The new mesh object is going to load.

Pass

Press "CTRL" +
"FS" buttons to
run the debug

mode.

The application windows are displayed. The "cube" is

rendered in the OGL window.

Pass

Comments:
All steps passed.

Author: Bartosz Galantowicz

Test Case 1d:

ObjectTranslation

Test Purpose: To check if the rendered object can be moved.

Environment:

Windows 10 Pro

Microsott Visual Studio Community 2017 v.15.9.15

Preconditions: The program has been started.

Test Case Steps:

Step
No

Procedure

Response

Pass/
Fail
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Press "CTRL" +
"FS5" buttons to
run the debug

mode.

The application windows arc displayed. The "house" is

rendered in the OGL window.

Pass

Move the object
up by pressing
"w" on the

keyboard

The object is moving up while "w" button is pressed.

Pass
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3 | Move the object Pass
left by pressing
"a" on the
keyboard
The object is moving left while "a" button is pressed.
4 | Move the object e R Pass

down by pressing
"s" on the

keyboard

The object is moving down while "s" button is pressed.
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Move the object
right by pressing

"d" on the

keyboard

The object is moving right while "d" button is pressed.

Pass

Comments:

All steps passed.

Author: Bartosz Galantowicz

Test Case 1d:

TextureLoader

Test Purpose: To check if various bitmaps can be load as textures.

Environment:

Windows 10 Pro

Microsott Visual Studio Community 2017 v.15.9.15

Preconditions: The program has been started.

Test Case Steps:

Step
No

Procedure

Response

Pass/
Fail

1700994
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Locate the
Source.cpp and
set the argument
of the
loadTexture
function (Line 24)

to "test.bmp".

The new texture is going to load.

Pass

Press "CTRL" +
"F5" buttons to
run the debug

mode.

The application windows are displayed. The "house" is

rendered in the OGL window.

Pass

Check if the
textures have

been loaded

properly.

The textures have been loaded. Nevertheless, they were

not loaded properly.

Fail
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Locate the
Source.cpp and
set the argument
of the
loadTexture
function (Line 24)

to "test.bmp".

The new texture is going to load.

Pass

Press "CTRL" +
"FS" buttons to
run the debug

mode.

The application windows are displayed. The "house" is

rendered in the OGL window.

Pass

Check if the
textures have
been loaded

properly.

The textures have been loaded. Nevertheless, they were

not loaded properly.

Fail
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Comments:
Steps 1, 2,4 and 5 have been passed.
Steps 3 and 6 have failed — the textures were not loaded properly.

Author: Bartosz Galantowicz
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RESEARCH-INFORMED LITERATURE

[

y‘ Good work here. Refs appropriate. Well done

KNOWLEDGE AND UNDERSTANDING

[

y‘ Covers requisite areas and includes new work here.

Again Well done.

ANALYSIS
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y‘ Appropriate patterns identified and designed and 1 7
integrated into the framework.

PRACTICAL APPLICATION AND DEP.

[

y‘ A very good effort. Implementation and testing is of a 40
good standard. Well done. Textures included as well.
just a little more effort required here to solve the
texture problem - this was not necessary for the
assignment - well done for trying!

SKILLS FOR PROFESSIONAL PRAC.

[

y‘ Well structured. Good use of SE practices here. 4
Good referencing.
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