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ModelMatrix =
glm: :translate(glm: :mat4(a),
glm: :vec3(-200.0f, 0.0f, 0.0£f));
ModelMatrix = glm::rotate(ModelMatrix,
-45.0f*TO_RADIAN,
glm: :vec3(0.0f, 0.0f, 1.0f));
ModelMatrix = glm::scale(ModelMatrix,
glm::vec3(1.0f, -1.0f, 1.0£));
ModelMatrix = glm::rotate(ModelMatrix,
45.0f*T0O_RADIAN,
glm: :vec3(0.0f, 0.0f, 1.0f));
ModelMatrix =
glm: :translate(ModelMatrix,
glm: :vec3(200.0f, 0.0f, 0.0f));
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ModelMatrix =

glm: :translate(glm: :mat4(a),
glm: :vec3(-200.0f, 0.0f, 0.0f));
ModelMatrix = glm::scale(ModelMatrix,
glm::vec3(1.0f, -1.0f, 1.0£f);
ModelMatrix = glm::rotate(ModelMatrix,
B*TO_RADIAN,
glm: :vec3(0.0f, 0.0f, 1.0f));
ModelMatrix =
glm: :translate(ModelMatrix,
glm: :vec3(200.0f, 0.0f, 0.0f));
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ModelMatrix =
glm: :translate(glm: :mat4 (),
glm: :vec3(-200.0f, 0.0f, 0.0f));

ModelMatrix = glm::scale(ModelMatrix,
glm::vec3(1.0f, -1.0f, 1.0f);
ModelMatrix =

glm: :translate(ModelMatrix,
glm: :vec3(y, 4, 0.0f));
ModelMatrix = glm::rotate(ModelMatrix,
O*TO_RADIAN,
glm: :vec3(0.0f, 0.0f, 1.0f));
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e Mm = translate(Mm, vec3(tx, ty,
tz));
e Mm = rotate(Mm, angle*TO_RADIAN,
vec3(0.0f, 0.0f, 1.0f));
e Mm = scale(Mm, vec4(sx, sy, sz));
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for (int i = 0; i < 8; i++) {
Mm = mat4(1.0f);

- 201949 4¥ 232 (&}

SR

© 2019 MZCHStW

(Here) ;
Mmvp = Mvp * Mm;
glUniformMatrix4fv(loc Mmvp, 1,
GL_FALSE, &Mmvp[0][0]);
draw_hat();
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for (int i = 0; i < 4; i++) {
Mtmp = mat4(1.0f);
(Here) ;
for (int j = 0; j < 5; j++) {

Mm = rotate(Mtmp, j*45.0f*TO_RADIAN,
vec3(0.0f, 0.0f, 1.0f));

Mm = translate(Mm,
vec3(100.0f, 0.0f, 0.0f));

Mmvp
glUniformMatrix4fv(loc_Mmvp, 1,

GL_FALSE, &Mmvp[0][0]);
draw_hat();

= Mvp * Mm;
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Flgure 7 OJ Eﬂ?’]_' —;%]%j MV94 7:"/1\_ M[3][0] = -dot(f, eye);
M[3]1[1] = -dot(g, eye);
) M[3][2] = dot(h, eye);
(a) o] ZHoJA lookAt() T2l Al e o1} return M;
eye, center, a3 uwp 24| N-&E = 7]
9 F 7|&sket
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f = normalize(eye - center); Yo
g = normalize(cross(up, £)); !
h= (Here ;
_______________________________________ Hretd = eisg
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M = mat4(1.0f); // Line (A) 9. 719 9= COP (Center of Projecton)7} (0,0, —1)
M[0I[0] = (a); M[0I[1] = (b); ©]31 PP (Projection Plane)o] 2z = 521 32} &
M[01[2] = (c); M[1]1[0] = (d); oA 22 gter o] AF Bde EAISHL
M[11[1] = h.y; M[11[2] = (e); Qitt.
M[21[0] = (£); M[2]1[1] = (g);
M[2][2] = (B); (a) oldl & & p = (v y z 1)’ Zl°] (depth)
--------------------------------------- 2 AuIZE? (2 > —1o]2F 7HE

- 20194 4% 23 OE(
© 2019 AMZCHStR




Mgttt Zaichst HrElSet CSE4170 7|2 HAFEH J2fHA SIAL (5/8)
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COP: (0,0,-1) /}7 al: s ViewMatrix@} ProjectionMatrix
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glm::vecd p, p-prime; des] 7leotet. (JIE: o] WHgho] oo
gln: matd Mp; 21 mefelo] ol w7 )k 421 )
p = glm::vec4(4.0f, 5.0f, 8.0f, 1.0f); glm: :rotate(glm: :mat4(1.0f),

Mp = glm::mat4(1.0f, a, 0.0f, 0.0f, (E) *TO_RADIAN,

b, c, 0.0f, 0.0f,
d, e, f, g,
h, i, j, k);

glm: :vec3((F), (G), (H)))
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(d) o] FE oA M= p_primed] 2HIE = :numd{fLMi,PRiSS?zM;Ri, RMB_PRESSED };

HEE AFT 5 UES (Here) ypader stuer - {

SolZ 4S9 = 2R 2 A glm: :vec3 pos;

p-prime = Mp * p;
p-prime = _(Here) ;

A= glm::vec3 uaxis, vaxis, naxis;
7150]—3' float fovy, aspect, near, far;
10. th-2-2 32491 BE ko] Tt BAo]c. int move[2];
} CAMERA;
(a) 19 10042} o] Al paA 9] ¢ + CAMERA camera;
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for (i = 0; i <= 180; i += 30) {
float angle = (float) i;

ModelViewMatrix = glm::rotate(ViewMatrix, (A)+*TO_RADIAN, glm::vec3((B), (C), (D)));

ModelViewMatrix = glm::translate(ModelViewMatrix, glm::vec3(-4.0f, 0.0f, 0.0f));

ModelViewMatrix = glm::rotate(ModelViewMatrix, (E)*TO_RADIAN, glm::vec3((F), (G),
m)»;

ModelViewProjectionMatrix = ProjectionMatrix * ModelViewMatrix;

glUniformMatrix4fv(loc MVPMatrix, 1, GL_FALSE, &ModelViewProjectionMatrix[0][0]);
glLineWidth(5.0f) ;

draw_axes();

glLineWidth(1.0f) ;

draw_cow(0.3f, 0.3f, 0.3f); // Cow color = (0.3, 0.3, 0.3)

Figure 11: 32} dl=s] H3l I &

(a) set_ViewMatrix from camera frame() $F OpenGL2] Z3x A 9] o]F EC (Eye Coordinate),
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void set ViewMatrix from camera frame(void) {
ViewMatrix = glm::mat4( (A) , (B) , (C) , 0.0f, (D) , camera.vaxis.y,
(E) , 0.0f], (F) , (G , (H) , 0.0f, 0.0f, 0.0f, 0.0f, 1.0f);
glm: :translate(_(I) , _(J) );

ViewMatrix

() 39

)
ox

gol 4

ok

#define CAM_TSPEED 0.05f
void renew_cam position(int del, glm::vec3 axis) {
camera.pos += CAM_TSPEED * del * axis;

}

#define CAM_RSPEED 0.1f
void renew_cam orientation(int angle, glm::vec3 axis) {
glm: :mat3 RotationMatrix;
RotationMatrix = glm::mat3(glm::rotate(glm: :mat4(1.0),
CAM_RSPEED * TO_RADIAN * angle, axis));

(Herel)

(b) 7Zhellet Zede] AEA

int prevx, prevy;
void motion(int x, int y) {
if (camera.move[LMB_PRESSED]) { // if the left mouse butten is pressed down
renew_cam_position(prevx-x, camera.uaxis);
renew_cam_position(prevy-y, camera.naxis);
set_ViewMatrix_from_camera_frame();
ViewProjectionMatrix = ProjectionMatrix * ViewMatrix;
glutPostRedisplay();
}
else if (camera.move[RMB_PRESSED]) { // if the right mouse butten is pressed down
renew_cam orientation(prevx-x, (Here2) );
renew_cam_orientation(prevy-y, (Here3) );
set_ViewMatrix_from_camera frame();
ViewProjectionMatrix = ProjectionMatrix * ViewMatrix;
glutPostRedisplay();
}
prevx = X; prevy = y;

}
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