Assignment 1 

Games Development 

Task 1 

Point p in this instance that point is located at (2,-2,0,1)

P is a vertex a point in object space.

When we want to move this point to a position we need to implement various matrices so we can relocate this point where we want it 

Task 1 needs us to do two movements:

Translation : Movement along the (X,Y,Z) coordinates

Rotation : Movement in the orientation aspect

Task 1 Written Mathematics 

Firstly Translation

To do a translation we first need its matrix. 

In this situation its a 4x4 matrix and here is what that looks like 

(100tx)

(010ty)

(001tz)

(0001)

T being the numbers on how much you want to move the matrix 

These number being (2,0,-1)

subbing these numbers in you get 

(1002)

(0100)

(001-1)

(0001)

Next we must multiply this with point P to make the translation. 

(1002)  (2)

(0100) (-2)

(001-1) (0)

(0001)  (1)

When tackling this you must take the first row and multiply with the first column 

Then the second row by the column 

Then the third 

Then the fourth. 

Then add the numbers together and you will get a 1 by 4 matrix . This is the point where P is now located. 

Next Rotation 

Unlike the translation rotation has 3 different matrices. One for each X,Y,Z coordinates.

Here is the three matrices. 

Around the X axis 

(1     0                0       0)

(0cos(theta)-sin(theta)0)

(0sin(theta)cos(theta) 0)

(0     0               0        1)

Around the Y axis

(cos(theta)0sin(theta)  0)

(0              1       0        0)

(-sin(theta)0cos(theta) 0)

(0              0       0        1)

Around the Z axis 

(cos(theta)-sin(theta) 00)

(sin(theta) cos(theta) 00)

(0                   0          10)

(0                   0          01)

In this situation we are rotating around the Y axis. 

I am using this matrix. Then multiply with point P 

(cos(theta)0 sin(theta)  0)  (2)

(0              1       0         0)  (-2)

(-sin(theta)0 cos(theta) 0)  (0)

(0              0       0         1)  (1)

Getting a 1x4 matrix and that is the new orientation of the point 

Model Matrix 

This helps us by combining all matrices that effect the point P. 

Using my task as an example I have to translate and rotate my point. 

Understanding this I can just multiply all the steps into one 4x4 matrix that point P will multiply with to get the new position on point P. 

Order is important here. 

Using my task as a basis I must first  

Rotate then translate then multiply point P to get the model matrix called M. 

M=(R X T) X P

Pfinal = M X P

Here is the transformation and rotation mathematics by hand 
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Here is the workings out though hand and multiplying the two 4x4 matrices 
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Perspective Projection 

Projection 

This is used to project vertices within a space that is dictated by the aspect ratio , the near and far planes and the field of view. It also edits the scale of the vertex based  off the distance away from the camera point to a plain where everything is displayed (near plane).  

Here is a few equations before inputting things into its matrix 

q = 1/tan(field of view / 2)

A = q / aspectratio

B = znear + z far / z near – zfar

C = 2 X (znear X zfar) / Znear - Zfar

Here is that matrix. Above is the equations to sub into the matrix bellow

(A 0 0 0)

(0 q 0 0)

(0 0 B C)

(0 0 -1 0) 

This is needed in part 3 of task 1. 

Orthographic transformation 

This is another matrix built by using many of the above objects such as znear and zfar. This helps determine what gets rendered when showing pixels on the projection plane. Thhis matrix helps us determine the space where the camera view is looking at and allows the rendering inside that space. Anything not in that space will not be rendered. This is also called culling and is a part of task 2. 

L,R,T,B Values are corresponding to the height of the screen and the width of the screen normaly in this case we will assign these numbers to the objects as follows 

L = -1 

R = 1 

T = -1 

B = 1 

This makes a square screen where pixels will be shown. This also means that if the number is outside these coordinates then it will not be in screen view and not be loaded. 

Perspective Projection matrix 

Here is the matrix 

(f/aspect   0                               0          0)

(0              f                               0          0)

(0 0  znear+zfar/znear-zfar  2.zNear.zFar/zNear – zFar)

(0              0                              -1          0)

Model view 

This is where you create the “eye” of the world that will look into the world 

The “eye” or camera sits on the orogen point looking down the -z axes since this is a right handed system.

When we want to “move” the camera instead of the camera moving we just move the whole world instead. If we go back to our matrices translation and rotation and get the camera point we must get the camera to the orogen so we need to do a inverse translate or a inverse rotate. Here are those matrices.  

Translation            Rotation 

(1 0 0 -tx)

(u u u 0) -1

(0 1 0 -ty)

(v v v 0)

(0 0 1 -tz)

(n n n 0)

(0 0 0   1)

(0 0 0 1)

Taking these two matrices and find the M for view

see below picture for the multiplication of the 2 matrices
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In doing this every vertex will be pushed to there new point in world space. This push will be inverse so it looks like the camera is moving positivity. Once found we can find 

Mview by multiplying the V with the M  as seen below.
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projection model view 

mvp = Perspective X modelView X M

This is the last matrix we need so that we can use it to transfer the point to worlds space then add a perspective to it. So firstly we multiply modelView by the model. Then after getting modelviewmodel multiply  perspective to get the mvp. We can then use this against any vertext we want to implement in our world 

Here is the workings out by hand 
[image: image5.png]


[image: image6.jpg]N

4/) o3 5
MVP = Pxmy

Rlc[ (3.0077x0) + (0¥0-207)4 (0 %0) (0 x() j
Q (3.6777¢ 0) +(0x 1) +(o Y0 +(0¥0) (/ (L
G G.9777K 0) +(orxlifig) HoxO)+ (qa) (3 O Of | (¢
G012 )T (ord) Hoxhy Hox) =t
5 <8 (OX 0D+ (-3.0772x® + ( sxO+ (o) | e
{ Q@ (0K §) 1 (2307726 )+ ( OX O} (0x0) /' -
R QB (9X0)(3.0927x14140) 40D (o) o
8l (O OT(30m78-2) +Ox )+ (0%
)&é R3¢l (X ()>‘f‘(67<o.7u7/) t (],DXCHX Q) + (413563 1) C/ @ @ &
aL (0 )+ dor D4 CLOfR9x 04 (§3563X0) O | 13{or7R thast ¢ s
c3 (ox| o) (07(’-WIH(WCJ‘/‘MC%L(J«M}XO) P
oAbt b ‘ ‘ 2 1 sl ey i D
| de (0¥0)H (OX~L>+>(/M77X ;_)(HXJ%)K ) Y3830 O | O 9t
c ) X0.707I it ~[|X ’37 ax| 2\ 5 1+ (
al (QXO,> (oX s .
Wiy 1 (71X O)+(ox0) L

N Cdx |:
ey (Oh O (aX (1IN0
i colx®)| % b+ (R P Hax )




[image: image7.png]THati s ]
PRI Ty 1
T=@,0,-1) §
SIS ET I LT 1

3 ] g il ‘

- P 1

] i |l 1

P (T 3,0 =

TEELT q-gj:

) i Housd

56 CJSE ( 7 (@) Goord i

I

$ Robab. aboik 7





Task 2

culling 

Is the process that helps the program by de-loading any vertexes outside the view space.

Given the numbers p = (2.5, 2, 4) and n=(-1,2,0) while = to 0 

Using the plane equation

 ax-x+by-y+cz-z = 0

After subbing in theses numbers you get the equation

-1(X-2.5) + 2(Y-2) + 0 (Z-4) = 0 

Which gives us 

2x -4y +3 =0

Task 3 

Important lines of code used and what they are used for 

Line 1 
glm::vec4 P1(2.0, 2.0, -2.0, 1.0);
Explanation

GLM is the math library I will be using to help with my coding of these matrices.

The vector which was called point P in task 1 

Line 2 
glm::mat4 Proj = glm::perspective(glm::radians(36.0f), 1.0f, 2.0f, 70.0f);
Explanation

The start of the perspective matrix and adding all the objects needed to create that matrix. 

This includes the field of view , the aspect ratio, near plain, far plain respectively.  

Line 3 
glm::mat4 Translate1 = glm::translate(glm::mat4(1.0f), glm::vec3(2.0f, 0.0f, -1.0f));
Explanation

This is a translate matrix and is assigned 3 points to move the Point P using the X,Y,Z coordinates respectively.  This is seen in the vec 3 of the line. That is an input point for the X,Y,Z coordinates.

Line 4 
glm::mat4 Rotate1 = glm::rotate(glm::mat4(1.0f), glm::radians(45.0f), glm::vec3(0, 1, 0));
Explanation

This is the rotation matrix. It is given a angle and is turned  into radians  then we need to clarify which axes we are using. This also uses X,Y,Z coordinates and a 1 is placed in the orientation coordinates that is needed. 

Line 5
glm::mat4 View = glm::lookAt(glm::vec3(0, 3, -1), glm::vec3(1.5, 0, 0), glm::vec3(0, 1, 0));
Explanation

Look at uses a viewpoint,  U,V,N and lookat point to determine the inverse that all points must travel in order for the camera to be at orogen.

Line 6 

glm::mat4 M = Rotate1 * Translate1;
Explanation

This is the calculate the ModelMatrix (M) multiplying the rotation 4x4 matrix by the translation 4x4 matrix

Line 7
glm::vec4 pcheck = M * P1;


cout << "P in object ";


cout << "(" << pcheck.x << "," << pcheck.y << "," << pcheck.z << ")"<<endl;
Explanation

 To display the model matrix in the launch window and to see the numbers calculated so far by multiplying the modelmatrix by the point P. 

Line 8
glm::mat4 MV = View * M;
Explanation

This is the ModelView matrix which is calculated by the View matrix multiplyed by the model matrix. Both are 4x4 matrices. 

Line 9 
glm::mat4 MVP = Proj * MV;
Explanation

This is the matrix that adds perspective projection. Both are 4x4 matrices 
Line 10 
glm::vec4 pcheck2 = MVP * P1;
Explanation 

To see where the point is in perspective view space 
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Appendix 
#include "glm/glm.hpp"
#include "glm/ext.hpp"
#include <iostream>
using namespace std;

int main(void)

{


//Basic code for transformations 

//Vertex 2,2,-2 

//rotation 45 

//translation 2,0,-1

// //viewpoint (0,3,-1) 

//up vector (0,1,0)

//lookat point (1.5,0,0)

//field of view 36D

//near plane dis (2)

//far plane dis (70)

//glm::vec4 p1(2.0, 2.0, -2.0, 1);

////translation 

//float lx = 2, ly = 0, lz = -1;

//glm::mat4 T1 = glm::mat4(1.0, 0.0, 0.0, 0.0,

//
0.0, 1.0, 0.0, 0.0,

//
0.0, 0.0, 1.0, 0.0,

//
lx, ly, lz, 1.0);

////roation 

//


//float theta = glm::pi<float>() / 4.0; // rotate 45deg ??

//glm::mat4 R1 = glm::mat4(glm::cos(theta), 0.0, -glm::sin(theta), 0.0,

//
0.0, 1.0, 0.0, 0.0,

//
glm::sin(theta), 0.0, glm::cos(theta), 0.0,

//
0.0, 0.0, 0.0, 1.0);

//glm::vec4 P1 = T1 * p1;

//glm::vec4 P2 = R1 * P1;

//glm::mat4 M(1.0);

//M = M * T1 * R1;

//glm::vec4 P3 = M * p1; 

//cout << "T1 ";

//cout << "(" << P1.x << "," << P1.y << "," << P1.z << ")" << endl;

//cout << "R1 ";

//cout << "(" << P2.x << "," << P2.y << "," << P2.z << ")" << endl;

//cout << "M ";

//cout << "(" << P3.x << "," << P3.y << "," << P3.z << ")"<<endl;

glm::vec4 P1(2.0, 2.0, -2.0, 1.0);


//perspective

glm::mat4 Proj = glm::perspective(glm::radians(36.0f), 1.0f, 2.0f, 70.0f);


//glm::mat4 frus = (-1, 1, -1, 1, 2, 70, Proj);

//view of camera / Culling everything out of the picture 

//glm::mat4 Proj2 = glm::ortho(-1.0, 1.0, -1.0, 1.0, -1.0, 1.0);

//translation

glm::mat4 Translate1 = glm::translate(glm::mat4(1.0f), glm::vec3(2.0f, 0.0f, -1.0f));


//roation 

glm::mat4 Rotate1 = glm::rotate(glm::mat4(1.0f), glm::radians(45.0f), glm::vec3(0, 1, 0));


//View

glm::mat4 View = glm::lookAt(glm::vec3(0, 3, -1), glm::vec3(1.5, 0, 0), glm::vec3(0, 1, 0));


/*glm::vec4 pa = Translate1 * P1;

glm::vec4 pb = Rotate1 * pa;*/

glm::mat4 M = Rotate1 * Translate1;


glm::vec4 pcheck = M * P1;


cout << "P in object ";


cout << "(" << pcheck.x << "," << pcheck.y << "," << pcheck.z << ")"<<endl;


glm::mat4 MV = View * M;


glm::mat4 MVP = Proj * MV;// * M;

glm::vec4 pcheck2 = MVP * P1;


cout << "P in world  added projection ";


cout << "(" << pcheck2.x << "," << pcheck2.y << "," << pcheck2.z << ")" << endl;

}

