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[bookmark: _Toc5367764][bookmark: _Toc32005042]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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[bookmark: _Toc39754447]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:
· Singleton Pattern
· Timer
· 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.
[bookmark: _Toc39754448]Patterns Implementation
[bookmark: _Toc39754449]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.
[image: ]
[image: ]
Fig.1 The examples of using the singleton pattern in the code.
[bookmark: _Toc39754450]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 framerate independence is allowed by the computation of elapsed ticks and the difference between frames.
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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. 
[image: ]
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.
[bookmark: _Toc39754451]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:
· Process input
· Update states
· Render objects
· 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.
[image: ]
Fig.4 The main loop of the program.
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.
[image: ]
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.
[image: ]
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.
[bookmark: _Toc39754452]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.
[image: ]
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.
[image: ]
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 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.
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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.
[bookmark: _Toc39754453]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. Thereby, 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.
[image: ]
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.  
[image: ]
Fig.13 The example of drawing textured mesh function.

[image: ]
Fig.14 The designed bitmap loader allows for loading textures.
[image: ]
Fig.15 The example of the textured mesh object.
[bookmark: _Toc39754454]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.
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Fig.14 The initialised variables and function for storing texture coordinates and normals.
[image: ]
Fig.17 The example of function which renders a textured mesh involving previously added texture coordinates.
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[bookmark: _Toc39754457]Test Cases
The test cases are presented in this section of the report as evidence of evaluation and testing the developed software.
	[bookmark: _Hlk39502596]Test Case Id:
ObjectRender
	Test Purpose: To check if the cube and house objects can be rendered.

	Environment: 
Windows 10 Pro
Microsoft Visual Studio Community 2017 v.15.9.15

	Preconditions: The program has been started.

	Test Case Steps:

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Locate the Source.cpp and set mesh *pmesh object (Line 23) to "house.obj".
	[image: ]
The new mesh object is going to load.
	Pass

	2
	Press "CTRL" + "F5" buttons to run the debug mode.
	[image: ]
The application windows are displayed. The "house" is rendered in the OGL window.
	Pass

	3
	Locate the Source.cpp and set mesh *pmesh object (Line 23) to "cube.obj".
	[image: ]
The new mesh object is going to load.
	Pass

	4
	Press "CTRL" + "F5" buttons to run the debug mode.
	[image: ]
The application windows are displayed. The "cube" is rendered in the OGL window.
	Pass

	Comments:
All steps passed.

	Author: Bartosz Galantowicz



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

	Environment: 
Windows 10 Pro
Microsoft Visual Studio Community 2017 v.15.9.15

	Preconditions: The program has been started.

	Test Case Steps:

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Press "CTRL" + "F5" buttons to run the debug mode.
	[image: ]
The application windows are displayed. The "house" is rendered in the OGL window.
	Pass

	2
	Move the object up by pressing "w" on the keyboard
	[image: ]
The object is moving up while "w" button is pressed.
	Pass

	3
	Move the object left by pressing "a" on the keyboard
	[image: ]
The object is moving left while "a" button is pressed.
	Pass

	4
	Move the object down by pressing "s" on the keyboard
	[image: ]
The object is moving down while "s" button is pressed.
	Pass

	
	Move the object right by pressing "d" on the keyboard
	[image: ]
The object is moving right while "d" button is pressed.
	Pass

	Comments:
All steps passed.

	Author: Bartosz Galantowicz



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

	Environment: 
Windows 10 Pro
Microsoft Visual Studio Community 2017 v.15.9.15

	Preconditions: The program has been started.

	Test Case Steps:

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Locate the Source.cpp and set the argument of the loadTexture function (Line 24) to "test.bmp".
	[image: ]
The new texture is going to load.
	Pass

	2
	Press "CTRL" + "F5" buttons to run the debug mode.
	[image: ]
The application windows are displayed. The "house" is rendered in the OGL window.
	Pass

	3
	Check if the textures have been loaded properly.
	[image: ]
The textures have been loaded. Nevertheless, they were not loaded properly.
	Fail

	4
	Locate the Source.cpp and set the argument of the loadTexture function (Line 24) to "test.bmp".
	[image: ]
The new texture is going to load.
	Pass

	5
	Press "CTRL" + "F5" buttons to run the debug mode.
	[image: ]
The application windows are displayed. The "house" is rendered in the OGL window.
	Pass

	6
	Check if the textures have been loaded properly.
	[image: ]
The textures have been loaded. Nevertheless, they were not loaded properly.
	Fail

	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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7/ Tnitialise the timer class
‘timer *timer - timer::instance(); // Timer class is responsible for manage the time





image4.png
// Application loop - keep working when is not game over
while (ganeOver)
€
/1 Update the timer at the begining of each iteration
tiner->update();

/1 Keep franerate independency
while (timer->getDeltaTime() >= 1.8 / FRAME RATE)

<
11 Process input
inputManager->update() ;
inputManager->move (pmesh) ;
gameOver - inputManager->gameOver(); // Check if it is game over (press esc o exit the loop)
11 Update
11 Update game objects
For (sizet i=0; i< 15; i)
<
‘gameObjects[i].update(i+1, tiner>getlag();
b
myDisplay.update();
std: :cout << FdelalEimes<tiner-getDeltaTine() << std::endl; // Display delts tine
std::cout << BFBSIIT << (1.6¢/timer->getDeltaTime())<< std:iendl; // Display FPS
11 Restart timer
timerreset();
b
11 Render

myDisplay.render (pmesh)
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FPS: 58.8235
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7/ By multiplying by deltaTime the movement is framerate independent
iF (keyDown (SDL_SCANCODE_W))
<

std:-cout << P las been pressed® << std: :endl;
presh->translate(s, 1 * timer->getDeltaTime(), 0);
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// Application loop - keep working when is not game over
while (ganeOver)
€
// Update the tiner at the begining of each iteration
‘timer->update();

// Keep framerate independency
while (timer->getDeltaTime() >= 1.8 / FRAME RATE)

<
11 Process input
inputManager->update() ;
inputManager->move (pmesh) ;
gameOver - inputManager->gameOver(); // Check if it is game over (press esc o exit the loop)
11 Update
11 Update game objects
For (sizet i=0; i< 15; i)
<
gameObjects[i].update(i+1, tiner->getlag());
b
myDisplay.update();
std: :cout << FdeltalEimes*<tiner->geteltaTine() << std::endl; // Display delts tine
std::cout << TFBSIY << (1.F/timer->getDeltaTime())<< std::endl; // Display FPS
11 Restart timer
timerreset();
b
// Render

myDisplay.render (pmesh)
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1/ Creating game objects to perform the update test
ganeObject “gameObjects = new gameObject[15];
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// Update game objects
For (sizeti=-0; i< 15; i)
<

‘gameObjects[i].update(i+1, tiner->getlag());
b
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SREEE

/1 Process input
inputhanager>update() ;

inputhianager->move (pmesh) ;

nputhanager->gameOver(); // Check if it is gane

over (press esc to exit the 1oop)
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void Mesh::franslate float x, float y, float z)

i
1 < vertexCount; i ++)

for (int i
<
pVertices[i].pos.x
pVertices[i].pos.y.
pVertices[i].pos.z
3
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void inputManager: :move(Mesh *pmesh)

i

i

iner “timer = tiner: :instance();

// By multiplying by deltaTime the movement is framerate independent
iF (keyDown (SDL_SCANCODE_W))

<

3

std:-cout << P las been pressed® << std: :endl;
presh->translate(s, 1 * timer->getDeltaTime(), 0);

iF (keyDown (SDL_SCANCODE_A))

i

3

std:zcout << PAllas been pressed® << std: :endl;
presh->translate(-1 * timer->getDeltaTine(), 6, 0);

iF (keyDown (SDL_SCANCODE_S))

i

3

std: -cout << 15 has been pressed® << std: :endl;
presh->translate(o, -1 * timer->getDeltaTine(), 0);

iF (keyDown (SDL_SCANCODE D))

<

std:zcout << FDhas been pressed® << std: :endl;
presh>translate(1 * timer-getDeltaTine(), 0, 0);
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// Return true if the escape button has been pressed
bool. inputttanager- : gameOver ()

<

F  (keyDown (SDL_SCANCODE_ESCAPE) )

i
std: -cout << MESCAPE hias been pressed® << std::endl;
return true;

3

else

<
return false;

3
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Mesh: :Mesh(const char *objFile, const char *bmpFile)

{
myob3 .objloader (objFile);

objTextCoord();
objpoly2vertex();
ToadTexture (buprile)

b

Hesh: itesh(const char “objFile)

1
myobj _objloader (objFile)
objTextCoord();
objpoly2vertex();

Heshs tiesh()

I
myobj _objloader ("cube.ob3")
objTextcoord!);
objpoly2vertex()
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//g18indvertexarray (vertexarrayObject) ;
//g1Drawarrays(GL_TRIANGLES, , vertexCount);
/*for (int i = 6; i < vertexCount; i+=3)
1{

glBegin(GL_TRIANGLES);

glVertex3f(pVertices[i].pos.x, pVertices[i].pos

.y, pvertices[i].pos.z);

glVertex3f(pVertices[i+1].pos.x, pVertices[i+1].pos.y, pVertices[i+1].pos.z);

glVertex3f(pVertices[i+2].pos.x, pVertices[i+2].pos.y, pvertices[i+2].pos.z);

glend();
b

1/ Drawing the textured mesh
for (int i = ; i < vertexCount; i += 3)
{

glBegin(GL_TRIANGLES);

g1TexCoord2f(0.0F, 8.8f); // Set the current te;

glVertex3f (pVertices[i] pos.x, pvertices[i].pos.y, pVertices[i].pos.z); // Specify a vertex

glTexCoord2f (0.0f, 1.07);
glVertexst(pVertices i + 1].pos.x, pvertices[i
glTexCoord2f(1.0f, 1.0F);
glVertexst(pVertices i + 2].pos.x, prertices[i
glTexcoord2f(1.0f, 0.0F);
glVertexst(pVertices i + 3].pos.x, prertices[i
glend();

xture coordinates

+ 1].pos.y, pvertices[i
+ 2].pos.y, pvertices[i

+ 3].pos.y, pvertices[i

+1].pos.2);
+ 2].pos.2);

+ 3].pos.2);
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123 :void Mesh:

loadTexture (const char = filename)

124 ||
125 unsigned char * data; // Pointer to the retrieved data

126

127 || FILE * file; // File pointer

128

129 file = Fopen(filenane, FFBH); // Open the file

130

131 /7 set the of the texture

132 int width - 256;

133 int height - 256;

134

135 /7 Allocates a block of size bytes of memory, returning a pointer to the beginning of the block
136 data - (unsigned char *)malloc(width * height * 3);

137

138 /7 Reads an array of count clements, each one with a size of size bytes, from the stream and stores them in the block of memory specified by ptr
139 fread(data, width * height * 3, 1, file);

140

141 fclose(file); // Closes the file stream

142

143 1/ save to the data variable

142 for (int - 0; i < width * height; ++1)

145 {

146 int dndex - 1% 3;

147 unsigned char b, r;

148 b - data[index];

149 r - data[index + 2];

150

151 datalindex] - r

152 datalindex + 2] - b;

153 b

158

155 glGenTextures(1, &texture); // Generates texture name

156 glBindTexture (GL_TEXTURE_2D, texture); // Binds a named texture to a texturing target
157

158 g1Pixelstorei (GL_UNPACK_ALIGNMENT, 1); // Sets pixel storage mode

159

160 /7 sets texture parameters

161 glTexParaneterf (GL_TEXTURE_20, GL_TEXTURE_MIN_FILTER, GL_LINEAR);

162 glTexParameterf (GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR);

163 glTexParameterf(GL_TEXTURE_2D, GLTEXTURE_WRAP_S, GL_ CLAMP_TO_EDGE);

164 || glTexParameterf(GL_TEXTURE 2D, GLTEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);

165

166 if (data)

167 {

26 | glEnable(6L_TEXTURE_20); // Enable or disable server - side GL capabilities

169

170 | glTexEnvF(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_MODULATE); // Sets texture environment parameters
m

7 lTexInage2D(GL_TEXTURE 20, ©, GL_RGE, width, height, 0, GL_RGB, GL_UNSIGNED_BVTE, data); // Specify a tuo - dimensional texture image
73 glGeneratetipnap (GL_TEXTURE_20); // Generates mipmaps for a specified texture object
172 3

175 else

176 ¢

77 std: :cout << "Failed o load Eexture” << std::endl;

ws || 3

175

180 ||| free(data); // Deallocates the memory previously allocated by malloc

181 |}
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// objectloader.h
int getNumNormals(void) | return normcoord_qty: ' // Return number of normals
normcoord_type getNormals int i) { return normcoord i|. | // Return normal

int getNumTextCoord(void) { return mapcoord_qty: ' // Return number of texture coordinates
mapcoord_type getTextCoord(int i) { return mapcoord(i|; | // Return texture coordinates
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// mesh.h
// Set the list of texture coordinates
void objTextCoord (void)

// Set the list of normals
void objNormal (void)
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private

Vertex ‘pVertices; // Store the list of verticies
TextCoord “pTextCoord; // Store the list of texture coordinates
NormCoord “pNormals; // Store the list of normals
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139 =void Mesh objTextCoord void )

120 |(

101 int textCoordCount — myobj getNumTextCoord )
142 pTextCoord  new TextCoord| textCoordCount |;
143

144 i for (int i - ©; i < vertexCount; i:+) //for each polygon
145 {

146 pTextCoord i | u — myobj getTextCoord i u.
147 pTextCoord i | v — myobj getTextCoord i) v.
148 3

129 [}

150

151 jNormal (void )

152
153 int normCount — myobj getNumNormals )
154 pNormals — new NormCoord | normCount |;
155

156 o for (int i - ©; i < vertexCount; i:1) //for each polygon
157 {

158 | pNormals i | normal x — myobj getNormals i i
159 pNormals i | normal y — myobj getNormals i j.
160 pNormals i | normal z — myobj getNormals i k.
161 3

162 [}




image33.png
88 ||i // Drawing the textured mesh with using added texture coordinates

89 |2l for (dnt i - @; i < vertexCount; i + 3)

% {

91 g1Begin (GL_TRIANGLES) ;

2 glTexCoord2f (pTextCoord|i].u, pTextCoord|i].v); // Set the current texture coordinates
93 glVertex3f pVertices i pos x pVertices i pos y pVertices i pos z = // Specify a vertex
o std cout << pTextCoord i  u << ", " << pTextCoord i v << std endl

95

% glTexCoord2f pTextCoord i 1| u. pTextCoord i « 1/ v .

97 glVertex3f pVertices i - 1) pos x, pVertices i = 1| posy, pVertices i - 1| pos z
98 cout << pTextCoord i 1] u << ", " << pTextCoord i 1 v << std endl,

99

100

101 glTexCoord2 pTextCoord i 2| u. pTextCoord i « 2| v .

102 glVertex3f pVertices i « 2| pos x, pVertices i « 2| posy. pVertices i = 2| posz)
103

104 glTexCoord2f pTextCoord i + 3| u. pTextCoord i « 3 v .

105 glVertex3f pVertices i + 3| pos x, pVertices i - 3 posy. pVertices i = 3| posz)
106 glEnd();

107 | ¥

108 ||





image34.png
S Came e o o TR T e |
13 #define MS_PER_UPDATE 16.67 // 1/60 of a second * 1000 (1s = 100@ms)
14  #define FRAME_RATE 60
15
16
17 oint main(int argc, char ‘args|)
18 |{
19
20 Display myDisplay (860, 800,"0GL Window"); //create and open a window
21
22 // Load the mesh object
23 Mesh' pmesh - new Mesh(“"house.obj")
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Famevsi e oo 0B BT r=—rree
13 #define MS_PER_UPDATE 16.67 // 1/6@ of a second * 1000 (1s 1000ms )

14 #define FRAME_RATE 60

15

16

17 eint main(int argc, char ‘args|])

18 |{

19

20 Display myDisplay(800, 800,"0GL Window"); //create and open a window
21

22 // Load the mesh object

23 | Mesh  pmesh ~ new Mesh "cube.obj"
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‘ - © mainint arge, char " rgsl)

1 * 1000 (1s = 1000ms)

Game object 12 has been updated in 1.76471 ms ~
Game object 13 has been updated in 1.82353 ms

Game object 14 has been updated in 1.88235 ms

Game object 15 has been updated in 1.94118 ms
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20 Display myDisplay(86@, 800, "0GL Window"): //create and open a window
21

22 // Load the mesh object

23 Mesh' pmesh - new Mesh("house.obj"

24 presh - loadTexture “test.bmp®)
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7 17/
8 e#include "glut.h”
9 |#include <Windows.h>
10 |#include <iostream>
11 #include "Source.h”
12
13 #define MS_PER_UPDATE 16.67 // 1/6@ of a second * 1000 (1s = 100@ms)
14  #define FRAME_RATE 60
15
16
17 eint main(int argc, char ‘args(|)
118 |{
19
20 Display myDisplay(80@, 860, "0GL Window"); //create and open a window
21
22 // Load the mesh object
23 Mesh® pmesh - new Mesh(“house.obj"  :
24 pmesh - loadTexture "crate.bmp”
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/1 Use singleton pattern for the timer

timer * timer.
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::instance()
/1 Declare the instance for the timer if its NULL
if (sInstance == NULL)

{
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SInstance = new timer();

return sInstance;
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// Initialise the instance to NULL

inputManager *inputManager-

Instance = NULL;

/1 Use singleton pattern for the input manager

inputManager * inputManager:

{

instance()
7/ Declare the instance for the input manager if its NULL
if (sInstance == NULL)

{
1

SInstance = new inputManager();

return sInstance;




