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= Nasleduje prehled zakladnich transformacCnich matic
+

» Zpusob jejich vytvoreni v knihovné GLM (0openGL mathematics)
* GLM vychazi se syntaxe GLSL
* Lze ji najit na adrese hitp://glm.g-truc.net/
* Knihovna je soucasti balicku PGR-framework.
* Do verze GLM 0.9.5 pouziva stupne,
* Od verze GLM 0.9.6 pouziva radiany

// nacteni halvicek transformaci v knihovne GLM. V PGR frameworku je jiz udélano

#include <glm/gtc/matrix_transform.hpp>
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Identita .
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— natoc¢eni modelu

lo o o =~ |

* Pouziva se na inicializaci matice v prikazech, které nasobi aktualni
matici matici nové definované transformace

// vytvoreni matice identity pomoci knihovny GLM
gim::mat4 m = gim::mat4(1.0);
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Matice posunuti (translace) T

= realizuje posunuti dané vektorem ¢ = (Mx M, Mmy)t
(resp. posune lokalni soustavu souradnic o stejné hodnoty)

T= (100 mx a T71=[100 -mx

010 my 010 -my
001 mz 001 -mz
000 1 000 1

// posunuti matice o zadany vektor. VVynasobi matici matrix matici posunuti o vector
glm::mat4 m = glm::translate( matrix, vector );
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Posunuti v GLM

/* set identity to matrix ¥/

glm::mat4 matrix = glm::mat4(1.0);
passMatrixToVertexShader( matrix );

drawModel(); [* original model */

/* add translation to matrix */
glm::mat4 matrix1 = glm::translate(
matrix, /* matrix to be modified ¥/
glm::vec3(1.25f, 0.0f, 0.0f)); /* amount of translation */
passMatrixToVertexShader( matrix1 );
drawModel(); [* = image 1 */

/* add another translation to matrix */
glm::mat4 matrix2 = glm::translate(
matrix, /* matrix to be modified */
glm::vec3(0.0f, 1.25f, 0.0f)); /* amount of translation */
passMatrixToVertexShader( matrix2 );
drawModel(); [* = image 2 */
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Matice pro zménu meéritka (Skalovani)

= Souradné osy lokalni soustavy souradnic se prodlouzi Ci zkrati

dle sx, sy a sz as nimi se transformuje i pfidruzeny objekt
= Ten se protahne, smrsti, nebo preklopi

S=|sx00 0 a S1=1] 1/sx0 O
0 sy0O O 0 1/sy0
0 0 szO 0 0 1/sz
0 0 0 1 0O 0 O

0
0
0
1

// matice zmény méfitka na jednotlivych osach. Vynasobi matrix Skalovaci matici
gilm::mat4 m = glm::scale( matrix, vector );
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Zména meritka v GLM ”

/* set identity to matrix */ orig.

glm::mat4 matrix = gim::mat4(1.0); model

passMatrixToVertexShader( matrix );

drawModel(); [* original model */

glm::mat4 matrix1 = glm::scale( /* add scale transform */ .
matrix, /* matrix to be modified */ image 1
glm::vec3(1.75f, 1.0f, 1.0f)); /* scale coefficients */

passMatrixToVertexShader( matrix1 );

drawModel(); [* = image 1 */

glm::mat4 matrix2 = glm::scale( /* add another scale transf. */ ,
matrix, /* matrix to be modified */ image 2
glm::vec3(-1.0f, -2.75f, 1.0f)); /* scale coefficients */

passMatrixToVertexShader( matrix2 );

drawModel(); [* = image 2 */
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= QOtocCeni kolem zadané osy o uhel ve stupnich

* |nverzni rotace = rotace okolo stejné osy o opacny uhel -6

A
Let v=[x,y, Z]"

i PEoy.2]

X>
. mym;mg 0
/ Mg= | m;mym, O
m, mz; mg O
0 0 01

u=v/vl=[x,y, ]

S = 0 -z y’_
z 0 -xX

7y x 0 ]

Mg = u'u + cos (angle) (M, - uTu) + sin (angle) S

M, ... identity matrix
m ... coefficients of Mg

// matice rotace o uhel angle kolem obecné osy axis
// (do GLM 0.9.5 ve stupnich / GLM 0.9.6 radianech )
glm::mat4 m = glm::rotate( matrix, angle, axis );
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X Y Z
A y X A y X A y X
X
Z
> Z > y4 y > Z
1 0 0 0 cos(0) O sin(®) O cos(0) -sin(6) 0 O
0 cos(0) -sin(0) O 0 1 0O O sin(6) cos(0) O O
0 sin(6) cos(6) O -sin(6) 0 cos(®) O 0 0 1 O
0 0 0 1 0 0 0O 1 0 0 0 1

Inverzni rotace = rotace okolo stejné osy o opacny uhel -6
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Rotace v GLM

/* set identity to matrix */
glm::mat4 matrix = gim::mat4(1.0);
passMatrixToVertexShader( matrix );

drawModel(); [* original model */

glm::mat4 matrix1 = glm::rotate( /* add rotation */
matrix, /* matrix to be modified */
glm::radians(45), /* angle in degrees */

glm::vec3(1.0f, 0.0f, 0.0f));  /* rotation axis */
passMatrixToVertexShader( matrix1 );

drawModel(); [* = image 1 */

glm::mat4 matrix2 = glm::rotate( /* add another rotation */
matrix, /* matrix to be modified ¥/
glm::radians( -45), /* angle in degrees */

glm::vec3(0.0f, 0.0f, 1.0f));  /* rotation axis */
passMatrixToVertexShader( matrix2 );
drawModel(); [* = image 2 */

P=[1,0,0]

—
X

image 1

y

-
'/;=[0,0,1]

image 2
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Rotace neni komutativni i

Pozor! Zalezi na poradi transformaci, nebot’
maticové nasobeni neni komutativni!

= tj., R.T neni totézco T.R

RT[]




Rotace nasledovana translaci i

/* set identity to matrix ¥/
glm::mat4 matrix = glm::mat4(1.0);
passMatrixToVertexShader( matrix );

drawModel(); /[* original model */ _ _
matrix = glm::translate( /* add translation */ filled ... tran.sf'ormed object
matrix, /* matrix to be modified */ dotted ... original model
glm::vec3(2.5f, 0.0f, 0.0f));  /* amount of translation */
matrix = glm::rotate( /* add rotation */
matrix, /* matrix to be modified */
glm::radians(45), /* angle in degrees */
glm::vec3(0.0f, 0.0f, 1.0f));  /* rotation axis */
passMatrixToVertexShader( matrix );
drawModel(); [* = transformed object */
PGR
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Translace nasledovana rotaci

/* set identity to matrix ¥/
glm::mat4 matrix = glm::mat4(1.0);
passMatrixToVertexShader( matrix );

drawModel(); [* original model */

matrix = glm::rotate( /* add rotation */ filled ... transformed object
matrix, /* matrix to be modified */ dotted ... original model
glm::radians(45), /* angle in degrees */
glm::vec3(0.0f, 0.0f, 1.0f)); /* rotation axis */

matrix = glm::translate( /* add translation */
matrix, /* matrix to be modified ¥/

glm::vec3(2.5f, 0.0f, 0.0f)); /* amount of translation */

passMatrixToVertexShader( matrix );
drawModel(); [* = transformed object */

Kod je skoro stejny, jako v
predchozim prikladu
Zmenilo se poradi T a R
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.................................................................................................. DCGH
glm::mat4 glm::lookAt(
glm::vec3 const & eye, /* camera position */
glm::vec3 const & center, /* point on a line of sight */
glm::vec3 const & up ); /* camera up direction */

» JookAt(...) vytvofi pohledovou matici
=  Kameru umisti do ]
eye = [eyey, eyey, eye,] i B

= center = [centery, centery, center,] lib.
bod ve smeéeru pohledu

= up = (upy, upy, Upz) smeér nahoru —
natoéeni)f(amery
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glm::mat4 matrix = glm::lookAt(...);

passMatrixToVertexShader( matrix );
drawModel();

glm::mat4 matrix =
glm::lookAt(
glm::vec3(1.0f, 0.0f, 1.0f),
glm::vec3(0.0f, 0.0f, 0.0f),
glm::vec3(0.0f, 1.0f, 0.0f)

);

glm::mat4 matrix =
glm::lookAt(

)’ PGR

glm::mat4 matrix =
glm::lookAt(
glm::vec3(-1.0f, -0.5f, 1.0f),
glm::vec3( 0.0f, 0.0f, 0.0f),
glm::vec3( 0.0f, 1.0f, 0.0f)

);

glm::vec3( 1.0f, 1.0f, 0.0f),
glm::vec3( 0.0f, 0.0f, 0.0f),
glm::vec3(-1.0f, 0.0f, 0.0f)
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Transformace v OpenGL e
............................. ....DCGI
Linearni slozka: ,
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My M, Mg (M

WV [x,y, z,w] =M=

‘,i[g N < ><]I

vrchol pred

. formaci
projekce transformac

. . [Sloup]
projection vertex to be
matice pak neni afinni transformed

(pFisti tyden) .



= POZOR, z pole se pfevezmou po sloupcich

#include <glm/gtc/type ptr.hpp>
/* symmetry with respect to xz-plane */
float initValues[16] = {
1.0, 0.0, 0.0, 0.0, //first column
0.0,-1.0, 0.0, 0.0, // second column @

transformed
model

0.0, 0.0, 1.0, 0.0,

0.0, 0.0,0.0,1.0};
glm::mat4 matrix =

gilm::make_mat4(initValues);

passMatrixToVertexShader( matrix );
drawModel();
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= Cilem je slozit ze tfi matic spravnou matici:

M = projection * view * model

= Matici predame do ,Vertex Shaderu® (ulozena po sloupcich)
= _Vertex shader® provede nasobeni kazdého vrcholu

m, m, mg m,|lX
m m, mg mg|ly
Vl: [Xl,yl’ZI’WI]T: M.V: l 5 9 13
m2 m6 mlO m14 y4
_m3 m7 mll m15_ _W_

souradnice k zobrazeni

. . souradnice v objektovéem prostoru
na obrazove roviné
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Matice se skladaji nasobenim - pretizeny operator *
vynasobi dveé matice M1 a M2 a vysledek ulozi do nové

matice matrix

#include <glm/gtc/type ptr.hpp>
/* symmetry with respect to xz-plane */
float initValues[16] = {

1.0, 0.0, 0.0, 0.0,

0.0, -1.0, 0.0, 0.0,

0.0, 0.0, 1.0, 0.0,

0.0, 0.0,0.0,1.0};

/* symmetry - yz-plane */
glm::mat4 M2 = glm::mat4(

glm::mat4 matrix = M1 * M2;
passMatrixToVertexShader( matrix );
drawModel();

glm::vec4(-1.0, 0.0, 0.0, 0.0),
glm::vec4(0.0, 1.0, 0.0, 0.0,),
glm::vec4(0.0, 0.0, 1. 0, . 0)
glm::vec4(0.0, 0.0, 0.0, 1.0) );

orig.
model

glm::mat4 M1 = glm::make_mat4(initValues);

PGR
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» Ukazka pro predani vsech tri matic a nasobeni vektoru
maticemi primo na grafické karte:

#ver si on 330

|l n vec4 position,

uni form mat 4 projection; [/ P
uni form mat 4 view ; /[l BE-1, V
uni f orm mat 4 model; [/ O M

void main() {
vec4 worl dPos = model* position,;
vec4 caneraPos = view* worl dPos;
gl _Position = projection* caner aPos;
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Na strané CPU je se matice nahraje na GPU pomoci -~~~
nasledujiciho kédu D

projectionMatri xLoc = gl Get Uni formLocati on(theProgram
“ projection ") ;

float fFrustuntcale = 1. 0f;
float fzNear = 0.5f; float fzFar = 3. 0f;
float matri x[ 16];

menset (matrix, 0, sizeof(float) * 16);
mat ri x[ 0] = f Frustuntcal e;
matri x[ 5] = f Frustuntcal e;
matri x[ 10] = (fzFar + fzNear) / (fzNear - fzFar);
matri x[14] = (2 * fzFar * fzNear) / (fzNear - fzFar);
mat ri x[ 11] = -1.0f;

gl UsePr ogran(t hePr ogram ;

gl Uni formvatri x4f v(proj ectionhMatri xLoc , 1, G._FALSE,
matri X) ;

gl UsePr ogran(0);
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