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[bookmark: _Toc509956736]Introduction
The aim of this report is to provide an overall highlight of the algorithms and coding techniques that has been used and implemented into making a finding pairs game. This report will also include a test schedule, and user guide for the game. Screenshots that show the code in further detail can be seen in the appendices.

[bookmark: _Toc509956737]Algorithms/Coding Techniques used and their Implementations
The program features the use of OpenGL to create a game based in a 3D environment. Using ‘glut’ based functions such as draw and display allowed 3D objects to be created and shown. To better understand the basics of OpenGL, sources such as OpenGL tutorials[1]  and Learn OpenGL[2], [3] were used to learn more about its programming interface as well as resources available from Moodle[4]. 
The program also includes a bitmap file loader. This allows bitmap files to be attached to the 3D objects as textures. The bitmap file loader was provided via Moodle resources[4] and has been altered to be fit for purpose.
Although the program only allows keyboard use, attempts were made to also allow the mouse to be used. This would have included collision detection methods that would have flipped the card that was clicked on. The vector header and source files were also used to attempt achieving this. 
The cards can also be successfully flipped between both the front and back of the cards. However, attempts to make a pair of cards that are the same stay flipped or not the same flip back has not been successful.  Screenshots showing specific sections of code can be seen in appendices.
[bookmark: _Toc509956738]User Guide
To aim of the game is to find all the pairs of cards. If you open two cards consecutively and they do not match, they must be flipped back over. If they are found however, then they stay flipped. All cards must be flipped to win the game.
The controls to navigate through the cards are on the keyboard. To move up, press ‘w’. to move down, press ‘s’. To move right, press ‘d’. To move left, press ‘a’. After you have highlighted the desired card, press the space bar to flip the card and show the hidden shape.
It is also possible to move the environment by using ‘t’ to move forward, ‘f’ to move left, ‘h’ to move right and ‘g’ to move back. You can also rotate left by pressing ‘z’ and right by pressing ‘x’.
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Appendix 1: loading bitmap files
[image: ]
This screenshot shows the first bitmap file being loaded as a texture. This was done 14 times due to there being 14 bitmap textures.

Appendix 2: drawCard function
[image: ]
This screenshot shows the ‘drawCard’ function. This function was used to draw two textures onto one object one being the back of the card and the other being decided based on the image counter. The ‘glVertex3f’ is what is used to allow the textures to appear on both sides of the card.
Appendix 3: display function
[image: ]
This screenshot shows part of the display function. Here, the function goes through a two for loops that counts the number of cards for a row and column that is to be displayed. Before the cards are drawn, it uses the ‘flipArray’ and the ‘imageCounter’ to count the number of images and to allow the cards to be flipped over back and forth. It also uses ‘selectCard’ to know which card is to use the highlighted bitmap texture.






Appendix 3: display function (Cont)
[image: ]
[bookmark: _GoBack]This screenshot shows the attempt that has been made to make the correct pair of cards stay flipped and inaccessible for the user to flip the card again. However, after testing this, the cards are not able to be flipped at all and by changing the index in the ‘flipArray’, it can be locked on either the back of card texture or front of card texture. 














Appendix 4: keyboard function
[image: ]
This screenshot shows part of the keyboard function. By using the switch cases, certain keys on the keyboard can be used to navigate through the cards. This function was also used to allow the user to move through a 3D environment. 






Appendix 5: attempt at collision detection
[image: ]
This screenshot shows the attempt that was made on the collision detection. If this was successful, it would have allowed the user to pick a card to flip by clicking on the card.  The vector source and header files would have also been used to help with the collision detection.
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//*1st texture*****Back Of Card*******ssssssssssssssssssssssssssssssssssssssssssss
bitmapData = LoadditmapFile("Card.bup”, &bitmapInfobeader);
glbindTexture(GL_TEXTURE_20, texnum[0]); // enable our first texture object

glTexParameteri (GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri (GL_TEXTURE_2D, GL_TEXTURE_MIN FILTER, GL_NEAREST);

/1 generate the texture image
glTexInage2D(GL_TEXTURE_2D, @, GL_RGS, bitmapInfoHeader.billidth,
bitmapInfoHeader.biHeight, @, GL_RGB, GL_UNSIGNED_BYTE, bitmapData);

T
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21/ /drawcard

{

ElPushistrix(;  //zave modelvied]

// this was originally drawbox but this has been altered to be fit for purpose.
e i B e s St S e s S b ool o
//This function first translates a further x,y,z units then draws a box of
//width w, height h, length 1 //// Tt also counts the number of images and even
// multiplies those values by 7. this was needed to highlight the current card.
Eivoid drawcard(float w, float h, float 1, int imageCounter, int imageMult)

w/2.85h=h/2.8;1=1/2.8; /adjust values so centre is in middle of box

glBindTexture(GL_TEXTURE_2D, texnum[0] + (7 * inagetiult));

glBegin(GL_POLYGON) ;

glsegin(GL_PoLYGON);
glliornal3f(0.0f, 0.0f, 1.0f); // front face
ElTexCoord2f(0.0f, 0.6%); glvertexsf(n, L, n);
ElTexCoord2f(1.0f, 0.07); glvertexsf(-1, 1, 1)
ElTexCoord2f(1.0f, 1.07); glvertexsf(-u, -1, 1);
ElTexCoord2f(0.0f, 1.07); glvertexsf(v, -1, h);
glEnd();

glBindTexture(GL_TEXTURE_2D, texnum[cardInages[inageCounter] + (7 * inagedult)]);

glBegin(GL_POLYGON) ;

glsegin(GL_PoLYGON);
glliornal3f(0.0f, 0.7, -1.0F); // back face
ElTexCoord2f(0.0f, 0.67); glvertexsf(n, -1, 1);
ElTexCoord2f(1.0f, 0.07); glvertexsf(-1, -1, -1);
ElTexCoord2f(1.0f, 1.07); glvertexsf(-u, 1, 1)
ElTexCoord2f(0.0f, 1.07); glvertexsf(n, 1, -h);
glend();

glPopiatrix();  //restore previous modelview matrix so

leaving things as you found them
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void display()
t
glPushitatrix();
g1Clear (GL_COLOR_BUFFER_BIT | GL_DEPTH BUFFER BIT);  // clear screen and depth buffer
11 reset modelview matrix
int imageCounter = 0

/1 this loop is used to draw the cards.

For (int countl

{

countl < 3; countlt+)

For (int count2

{

3 count2 < 4; count2+)

glPushitatrix(); //save current position/orientation, etc.
glTranslatef(-3.5 + (count2 * 2), 5 - (countl * 3), -3); //move by xy and z units
glMaterialfy(GL_FRONT, GL_AMBTENT, matAmbientl);//set backirop materisl properties
gliaterialfy(GL_FRONT, GL DIFFUSE, matDiffl);

/1 this flips the card

if (fliparray[imageCounter] == 1)
{

i

7/ this flips the card back to

glRotatef(150.0, 0.0, 1.0, 0.0);

if (fliparray[imageCounter]

glRotatef(150.0, 0.0, 1.0, 0.0);
FlipArray[ inageCounter]

i

1/ this is used to highlight the current card

/7 3F the current card is the same, highlight it.
if (selectCard == imageCounter)

{

1

else // if it is not the same, don't highlight it.
{

i

drawCard(1.5, 0.1, 2.5, imageCounter, 1);

drawCard(1.5, 0.1, 2.5, imageCounter, 0);
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/1 attempt to make a pair of cards stay flipped.

175 (fLiparray[0] 88 Fliparray[1] = 1)
"

1111 stays flipped

1/ fliparray(e] = 13

77 fliparrayl1] = 1

m

re1se

"

1" 17 f1ipps sgain

71 fliparrayfe] - o5
77 fliparrayfa] - o
"
glPopitatrix(); //restore previous "current” position/orientation
inageCounters+;
b
b
glroptatrix();

gIFlush(); //force drawing

etc.
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void keyboard(unsigned char key, int x, int y)|
«

static float vx = @, vy
switch (key) {

, vz =5, angle

J111111111111111/*%* ¥ ¥+ **SELECTING CARDS®**** 1111111111\
117 eLeRT

case a’ | ATt

switch (selectCard)

{

case 0:
selectCard
break;

case 4:
selectCard
break;

case 8:
selectCard = 11;
break;

default:
selectCard
break;

i

/7%= *RIGHT

break;
case 'd" | D
switch (selectCard)
{
case 3t
selectCard
break;
case 7:
selectCard
break;
case 11:
selectCard
break;
default:
selectCard ++;
break;
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//1/1]] Collision Detection \\\\\\\\ ATTEMPTED

//bool isBoundspherelntersect(Ray v)
/1{

/1 intersect = false;

/I BoundsphereRadius;

/I BVposition.x = obj.position.x + 0.5;

/I obj.BVposition.y = obj.position.y - .25;

/I obj.BVposition.z = obj.position.z - 0.5;

/1

/I i (v.LinePointbistancesqd(obj.BVposition)>(BoundsphereRadiusBoundsphereRadius))

/1 return false; //no intersection detected
/I else true;//intersection detected

/1Y

/Ivoid mouse(int button, int state, int x, int y)
/1{

/1

/I I/prepare for collision test by making a ray
/I Vector d(objectFar[e], objectFar[1], objectFar[2]);
/I Vector p(objectliear[0], objectliear[1], objectliear[2]);

/1
/I Ray rayl; //this is the ray cast
/I rayl.setorigin(p); //initialise ray with origin and direction vector

/I rayl.setbirection(d - p);
/I if (isBoundsphereIntersect(rayl))

/1 printf("hit\n");
/1 else

/1 printf("miss\n");
/1

/I glutpostRedisplay();
/1y

/Ivoid detect(void)
/1{

/1 glhushiatrix();

/I glTranslatef (obj.BVposition.x, obj.BVposition.y, obj.BVposition.z);
/I glutuiresphere (BoundsphereRadius, 18, 18);

/1

/1 glpophatrix();

/1Y
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