Capítulo 9: Textura
//textura1.cpp: Usa imagem gerada como textura

#include <GL/glut.h>

#include <stdlib.h>

#include <stdio.h>

#define checkImageWidth 64

#define checkImageHeight 64

static GLubyte checkImage[checkImageHeight][checkImageWidth][4];

static GLuint texName;

void makeCheckImage(void)

{ int i, j, c;

  for (i=0; i<checkImageHeight; i++) {

    for (j=0; j<checkImageWidth; j++) {

      c = ( ((i&0x8)==0) ^ ((j&0x8)!=0) ) * 255;

      checkImage[i][j][0] = (GLubyte) c;

      checkImage[i][j][1] = (GLubyte) c;

      checkImage[i][j][2] = (GLubyte) c;

      checkImage[i][j][3] = (GLubyte) 255;

    }

  }

}

void init(void)

{ glClearColor(0.0, 0.0, 0.0, 0.0);

  glShadeModel(GL_FLAT);

  glEnable(GL_DEPTH_TEST);

  makeCheckImage();

  // Nao deixa espaco entre linhas consecutivas de imagem

  glPixelStorei(GL_UNPACK_ALIGNMENT, 1);

  // Gera 1 textura. Textura 0 significa nao usar textura.

  glGenTextures(1, &texName);

  // Especifica que vai usar texName que e' uma textura 2D

  glBindTexture(GL_TEXTURE_2D, texName);

  // Textura repetida em ambas direcoes

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT);

  // Utiliza interpolacao vizinho mais proximo para ampliar e reduzir

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

  //void glTexImage2D(

  //GLenum target,

  //GLint level,

  //GLint internalformat,

  //GLsizei width,

  //GLsizei height,

  //GLint border,

  //GLenum format,

  //GLenum type,

  //const GLvoid *pixels)

  glTexImage2D(GL_TEXTURE_2D, 0, GL_RGBA, checkImageWidth, checkImageHeight, 

               0, GL_RGBA, GL_UNSIGNED_BYTE, checkImage);

  // Mudado de lugar por Hae

  // Usa textura

  glEnable(GL_TEXTURE_2D);

  // Modo decalque

  glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

}

void display(void)

{ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

//   glEnable(GL_TEXTURE_2D);

//   glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

//   glBindTexture(GL_TEXTURE_2D, texName);

  glBegin(GL_QUADS);

    glTexCoord2f(0.0, 0.0); glVertex3f(-2.0, -1.0, 0.0);

    glTexCoord2f(0.0, 1.0); glVertex3f(-2.0, 1.0, 0.0);

    glTexCoord2f(1.0, 1.0); glVertex3f(0.0, 1.0, 0.0);

    glTexCoord2f(1.0, 0.0); glVertex3f(0.0, -1.0, 0.0);

    glTexCoord2f(0.0, 0.0); glVertex3f(1.0, -1.0, 0.0);

    glTexCoord2f(0.0, 1.0); glVertex3f(1.0, 1.0, 0.0);

    glTexCoord2f(1.0, 1.0); glVertex3f(2.41421, 1.0, -1.41421);

    glTexCoord2f(1.0, 0.0); glVertex3f(2.41421, -1.0, -1.41421);

  glEnd();

  glFlush();

//   glDisable(GL_TEXTURE_2D);

}

void reshape(int w, int h)

{ glViewport(0, 0, (GLsizei) w, (GLsizei) h);

  glMatrixMode(GL_PROJECTION);

  glLoadIdentity();

  gluPerspective(60.0, (GLfloat) w/(GLfloat) h, 1.0, 30.0);

  glMatrixMode(GL_MODELVIEW);

  glLoadIdentity();

  glTranslatef(0.0, 0.0, -3.6);

}

void keyboard (unsigned char key, int x, int y)

{ if (key==27) exit(0); }

int main(int argc, char** argv)

{ glutInit(&argc, argv);

  glutInitDisplayMode(GLUT_SINGLE | GLUT_RGB | GLUT_DEPTH);

  glutInitWindowSize(250, 250);

  glutInitWindowPosition(100, 100);

  glutCreateWindow(argv[0]);

  init();

  glutDisplayFunc(display);

  glutReshapeFunc(reshape);

  glutKeyboardFunc(keyboard);

  glutMainLoop();

  return 0; 

}
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//textura2.cpp: Usa imagem como textura

// wcekglut textura2 

// ccekglut textura2

#include <GL/glut.h>

#include <cekeikon.h>

GLuint texName;

void init(void)

{ int nc=256;

  int nl=256;

  glClearColor(0.0, 0.0, 0.0, 0.0);

  glShadeModel(GL_FLAT);

  glEnable(GL_DEPTH_TEST);

  // Le uma imagem usando funcao de Cekeikon/OpenCV e usa como textura

  Mat_<COR> a; le(a,"lenna.jpg");

  // Muda o tamanho da imagem

  // INTER_AREA e' bom para fazer reducao de imagem

  resize(a, a, Size(nc,nl), 0, 0, INTER_AREA);

  // Faz conversao do formato de imagem OpenCV para OpenGL

  a=cv2gl(a);

  glPixelStorei(GL_UNPACK_ALIGNMENT, 1);

  glGenTextures(1, &texName);

  glBindTexture(GL_TEXTURE_2D, texName);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

  // Os dados da imagem a estao em a.data

  glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, nc, nl, 

               0, GL_RGB, GL_UNSIGNED_BYTE, a.data);

  glEnable(GL_TEXTURE_2D);

  glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

}

void display(void)

{ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

//   glEnable(GL_TEXTURE_2D);

//   glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

//   glBindTexture(GL_TEXTURE_2D, texName);

  glBegin(GL_QUADS);

    glTexCoord2f(0.0, 0.0); glVertex3f(-2.0, -1.0, 0.0);

    glTexCoord2f(0.0, 1.0); glVertex3f(-2.0, 1.0, 0.0);

    glTexCoord2f(1.0, 1.0); glVertex3f(0.0, 1.0, 0.0);

    glTexCoord2f(1.0, 0.0); glVertex3f(0.0, -1.0, 0.0);

    glTexCoord2f(0.0, 0.0); glVertex3f(1.0, -1.0, 0.0);

    glTexCoord2f(0.0, 1.0); glVertex3f(1.0, 1.0, 0.0);

    glTexCoord2f(1.0, 1.0); glVertex3f(2.41421, 1.0, -1.41421);

    glTexCoord2f(1.0, 0.0); glVertex3f(2.41421, -1.0, -1.41421);

  glEnd();

  glFlush();

//   glDisable(GL_TEXTURE_2D);

}

void reshape(int w, int h)

{ glViewport(0, 0, (GLsizei) w, (GLsizei) h);

  glMatrixMode(GL_PROJECTION);

  glLoadIdentity();

  gluPerspective(60.0, (GLfloat) w/(GLfloat) h, 1.0, 30.0);

  glMatrixMode(GL_MODELVIEW);

  glLoadIdentity();

  glTranslatef(0.0, 0.0, -3.6);

}

void keyboard (unsigned char key, int x, int y)

{ if (key==27) exit(0); }

int main(int argc, char** argv)

{ glutInit(&argc, argv);

  glutInitDisplayMode(GLUT_SINGLE | GLUT_RGB | GLUT_DEPTH);

  glutInitWindowSize(250, 250);

  glutInitWindowPosition(100, 100);

  glutCreateWindow(argv[0]);

  init();

  glutDisplayFunc(display);

  glutReshapeFunc(reshape);

  glutKeyboardFunc(keyboard);

  glutMainLoop();

  return 0; 

}
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// textura3.cpp: Usa uma imagem como textura repetidas vezes

#include <GL/glut.h>

#include <cekeikon.h>

GLuint texName;

void init(void)

{ int nc=256;

  int nl=256;

  glClearColor(0.0, 0.0, 0.0, 0.0);

  glShadeModel(GL_FLAT);

  glEnable(GL_DEPTH_TEST);

  Mat_<COR> a;

  le(a,"lenna.jpg");

  resize(a, a, Size(nc,nl), 0, 0, INTER_AREA);

  a=cv2gl(a);

  glPixelStorei(GL_UNPACK_ALIGNMENT, 1);

  glGenTextures(1, &texName);

  glBindTexture(GL_TEXTURE_2D, texName);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR);

  glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, nc, nl, 0, GL_RGB, GL_UNSIGNED_BYTE, a.data);

  glEnable(GL_TEXTURE_2D);

  glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

}

void display(void)

{ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

//   glEnable(GL_TEXTURE_2D);

//   glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

//   glBindTexture(GL_TEXTURE_2D, texName);

  // Replica 4 vezes a textura nas duas direcoes.

  glBegin(GL_QUADS);

    glTexCoord2f(-2, +2); glVertex3f( -2, 0, -2);

    glTexCoord2f(-2, -2); glVertex3f( -2, 0, +2);

    glTexCoord2f(+2, -2); glVertex3f( +2, 0, +2);

    glTexCoord2f(+2, +2); glVertex3f( +2, 0, -2);

  glEnd();

  glFlush();

//   glDisable(GL_TEXTURE_2D);

}

void reshape(int w, int h)

{ glViewport(0, 0, (GLsizei) w, (GLsizei) h);

  glMatrixMode(GL_PROJECTION);

  glLoadIdentity();

  gluPerspective(60.0, (GLfloat) w/(GLfloat) h, 1.0, 30.0);

  glMatrixMode(GL_MODELVIEW);

  glLoadIdentity();

  gluLookAt(0.0, 1.0, 2.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0);

}

void keyboard (unsigned char key, int x, int y)

{ if (key==27) exit(0); }

int main(int argc, char** argv)

{ glutInit(&argc, argv);

  glutInitDisplayMode(GLUT_SINGLE | GLUT_RGB | GLUT_DEPTH);

  glutInitWindowSize(250, 250);

  glutInitWindowPosition(100, 100);

  glutCreateWindow(argv[0]);

  init();

  glutDisplayFunc(display);

  glutReshapeFunc(reshape);

  glutKeyboardFunc(keyboard);

  glutMainLoop();

  return 0; 

}
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Usando Lenna.jpg
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Usando stone2.jpg
Problema: A qualidade de textura replicada muitas vezes pode não ser boa devido a “alias”.
[image: image5.png]



texchess.jpg
// Mipmap.cpp: textura multi-escala.

#include <GL/glut.h>

#include <stdlib.h>

GLubyte mipmapImage32[32][32][4];

GLubyte mipmapImage16[16][16][4];

GLubyte mipmapImage8[8][8][4];

GLubyte mipmapImage4[4][4][4];

GLubyte mipmapImage2[2][2][4];

GLubyte mipmapImage1[1][1][4];

GLuint texName;

void makeImages(void)

{ int i, j;

  for (i = 0; i < 32; i++) {

    for (j = 0; j < 32; j++) {

      mipmapImage32[i][j][0] = 255;

      mipmapImage32[i][j][1] = 255;

      mipmapImage32[i][j][2] = 0;

      mipmapImage32[i][j][3] = 255;

    }

  }

  for (i = 0; i < 16; i++) {

    for (j = 0; j < 16; j++) {

      mipmapImage16[i][j][0] = 255;

      mipmapImage16[i][j][1] = 0;

      mipmapImage16[i][j][2] = 255;

      mipmapImage16[i][j][3] = 255;

    }

  }

  for (i = 0; i < 8; i++) {

    for (j = 0; j < 8; j++) {

      mipmapImage8[i][j][0] = 255;

      mipmapImage8[i][j][1] = 0;

      mipmapImage8[i][j][2] = 0;

      mipmapImage8[i][j][3] = 255;

    }

  }

  for (i = 0; i < 4; i++) {

    for (j = 0; j < 4; j++) {

      mipmapImage4[i][j][0] = 0;

      mipmapImage4[i][j][1] = 255;

      mipmapImage4[i][j][2] = 0;

      mipmapImage4[i][j][3] = 255;

    }

  }

  for (i = 0; i < 2; i++) {

    for (j = 0; j < 2; j++) {

      mipmapImage2[i][j][0] = 0;

      mipmapImage2[i][j][1] = 0;

      mipmapImage2[i][j][2] = 255;

      mipmapImage2[i][j][3] = 255;

    }

  }

  mipmapImage1[0][0][0] = 255;

  mipmapImage1[0][0][1] = 255;

  mipmapImage1[0][0][2] = 255;

  mipmapImage1[0][0][3] = 255;

}

void init(void)

{ glEnable(GL_DEPTH_TEST);

  glShadeModel(GL_FLAT);

  glTranslatef(0.0, 0.0, -3.6);

  makeImages();

  glPixelStorei(GL_UNPACK_ALIGNMENT, 1);

  glGenTextures(1, &texName);

  glBindTexture(GL_TEXTURE_2D, texName);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER,

                  GL_NEAREST_MIPMAP_NEAREST);

  glTexImage2D(GL_TEXTURE_2D, 0, GL_RGBA, 32, 32, 0,

               GL_RGBA, GL_UNSIGNED_BYTE, mipmapImage32);

  glTexImage2D(GL_TEXTURE_2D, 1, GL_RGBA, 16, 16, 0,

               GL_RGBA, GL_UNSIGNED_BYTE, mipmapImage16);

  glTexImage2D(GL_TEXTURE_2D, 2, GL_RGBA, 8, 8, 0,

               GL_RGBA, GL_UNSIGNED_BYTE, mipmapImage8);

  glTexImage2D(GL_TEXTURE_2D, 3, GL_RGBA, 4, 4, 0,

               GL_RGBA, GL_UNSIGNED_BYTE, mipmapImage4);

  glTexImage2D(GL_TEXTURE_2D, 4, GL_RGBA, 2, 2, 0,

               GL_RGBA, GL_UNSIGNED_BYTE, mipmapImage2);

  glTexImage2D(GL_TEXTURE_2D, 5, GL_RGBA, 1, 1, 0,

               GL_RGBA, GL_UNSIGNED_BYTE, mipmapImage1);

  glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

  glEnable(GL_TEXTURE_2D);

}

void display(void)

{ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

//   glBindTexture(GL_TEXTURE_2D, texName);

  glBegin(GL_QUADS);

    glTexCoord2f(0.0, 0.0); glVertex3f(-2.0, -1.0, 0.0);

    glTexCoord2f(0.0, 8.0); glVertex3f(-2.0, 1.0, 0.0);

    glTexCoord2f(8.0, 8.0); glVertex3f(2000.0, 1.0, -6000.0);

    glTexCoord2f(8.0, 0.0); glVertex3f(2000.0, -1.0, -6000.0);

  glEnd();

  glFlush();

}

void reshape(int w, int h)

{ glViewport(0, 0, (GLsizei) w, (GLsizei) h);

  glMatrixMode(GL_PROJECTION);

  glLoadIdentity();

  gluPerspective(60.0, (GLfloat)w/(GLfloat)h, 1.0, 30000.0);

  glMatrixMode(GL_MODELVIEW);

  glLoadIdentity();

}

void keyboard (unsigned char key, int x, int y)

{ if (key==27) exit(0); }

int main(int argc, char** argv)

{ glutInit(&argc, argv);

  glutInitDisplayMode (GLUT_SINGLE | GLUT_RGB | GLUT_DEPTH);

  glutInitWindowSize (500, 500);

  glutInitWindowPosition (50, 50);

  glutCreateWindow (argv[0]);

  init ();

  glutDisplayFunc(display);

  glutReshapeFunc(reshape);

  glutKeyboardFunc(keyboard);

  glutMainLoop();

}
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// Mipmap4.cpp: Textura multi-escala com leitura de imagem.

#include <GL/glut.h>

#include <stdlib.h>

#include <cekeikon.h>

GLuint texName[3];

const int npiramide=8;

Mat_<COR> chaob[npiramide], esque[npiramide], direi[npiramide];

void makeImages(string nome, Mat_<COR> mip[npiramide])

{ Mat_<COR> a; le(a,nome);

  resize(a, mip[0], Size(128,128),0,0,INTER_AREA);

  mip[0]=cv2gl(mip[0]);

  resize(a, mip[1], Size(64,64),0,0,INTER_AREA);

  mip[1]=cv2gl(mip[1]);

  resize(a, mip[2], Size(32,32),0,0,INTER_AREA);

  mip[2]=cv2gl(mip[2]);

  resize(a, mip[3], Size(16,16),0,0,INTER_AREA);

  mip[3]=cv2gl(mip[3]);

  resize(a, mip[4], Size(8,8),0,0,INTER_AREA);

  mip[4]=cv2gl(mip[4]);

  resize(a, mip[5], Size(4,4),0,0,INTER_AREA);

  mip[5]=cv2gl(mip[5]);

  resize(a, mip[6], Size(2,2),0,0,INTER_AREA);

  mip[6]=cv2gl(mip[6]);

  resize(a, mip[7], Size(1,1),0,0,INTER_AREA);

  mip[7]=cv2gl(mip[7]);

}

void init(void)

{ glEnable(GL_DEPTH_TEST);

  glShadeModel(GL_FLAT);

  glPixelStorei(GL_UNPACK_ALIGNMENT, 1);

  glGenTextures(3, texName);

  makeImages("lenna.jpg",chaob);

  glBindTexture(GL_TEXTURE_2D, texName[0]);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR_MIPMAP_LINEAR);

  glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, 128, 128, 0, GL_RGB, GL_UNSIGNED_BYTE,

               chaob[0].data);

  glTexImage2D(GL_TEXTURE_2D, 1, GL_RGB, 64, 64, 0,   GL_RGB, GL_UNSIGNED_BYTE,

               chaob[1].data);

  glTexImage2D(GL_TEXTURE_2D, 2, GL_RGB, 32, 32, 0,   GL_RGB, GL_UNSIGNED_BYTE,

               chaob[2].data);

  glTexImage2D(GL_TEXTURE_2D, 3, GL_RGB, 16, 16, 0,   GL_RGB, GL_UNSIGNED_BYTE,

               chaob[3].data);

  glTexImage2D(GL_TEXTURE_2D, 4, GL_RGB, 8, 8, 0,     GL_RGB, GL_UNSIGNED_BYTE,

               chaob[4].data);

  glTexImage2D(GL_TEXTURE_2D, 5, GL_RGB, 4, 4, 0,     GL_RGB, GL_UNSIGNED_BYTE,

               chaob[5].data);

  glTexImage2D(GL_TEXTURE_2D, 6, GL_RGB, 2, 2, 0,     GL_RGB, GL_UNSIGNED_BYTE,

               chaob[6].data);

  glTexImage2D(GL_TEXTURE_2D, 7, GL_RGB, 1, 1, 0,     GL_RGB, GL_UNSIGNED_BYTE,

               chaob[7].data);

  glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

  glEnable(GL_TEXTURE_2D);

  makeImages("stone2.jpg",esque);

  glBindTexture(GL_TEXTURE_2D, texName[1]);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR_MIPMAP_LINEAR);

  glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, 128, 128, 0, GL_RGB, GL_UNSIGNED_BYTE,

               esque[0].data);

  glTexImage2D(GL_TEXTURE_2D, 1, GL_RGB, 64, 64, 0,   GL_RGB, GL_UNSIGNED_BYTE,

               esque[1].data);

  glTexImage2D(GL_TEXTURE_2D, 2, GL_RGB, 32, 32, 0,   GL_RGB, GL_UNSIGNED_BYTE,

               esque[2].data);

  glTexImage2D(GL_TEXTURE_2D, 3, GL_RGB, 16, 16, 0,   GL_RGB, GL_UNSIGNED_BYTE,

               esque[3].data);

  glTexImage2D(GL_TEXTURE_2D, 4, GL_RGB, 8, 8, 0,     GL_RGB, GL_UNSIGNED_BYTE,

               esque[4].data);

  glTexImage2D(GL_TEXTURE_2D, 5, GL_RGB, 4, 4, 0,     GL_RGB, GL_UNSIGNED_BYTE,

               esque[5].data);

  glTexImage2D(GL_TEXTURE_2D, 6, GL_RGB, 2, 2, 0,     GL_RGB, GL_UNSIGNED_BYTE,

               esque[6].data);

  glTexImage2D(GL_TEXTURE_2D, 7, GL_RGB, 1, 1, 0,     GL_RGB, GL_UNSIGNED_BYTE,

               esque[7].data);

  glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

  glEnable(GL_TEXTURE_2D);

  makeImages("texchess.jpg",direi);

  glBindTexture(GL_TEXTURE_2D, texName[2]);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR_MIPMAP_LINEAR);

  glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, 128, 128, 0, GL_RGB, GL_UNSIGNED_BYTE,

               direi[0].data);

  glTexImage2D(GL_TEXTURE_2D, 1, GL_RGB, 64, 64, 0,   GL_RGB, GL_UNSIGNED_BYTE,

               direi[1].data);

  glTexImage2D(GL_TEXTURE_2D, 2, GL_RGB, 32, 32, 0,   GL_RGB, GL_UNSIGNED_BYTE,

               direi[2].data);

  glTexImage2D(GL_TEXTURE_2D, 3, GL_RGB, 16, 16, 0,   GL_RGB, GL_UNSIGNED_BYTE,

               direi[3].data);

  glTexImage2D(GL_TEXTURE_2D, 4, GL_RGB, 8, 8, 0,     GL_RGB, GL_UNSIGNED_BYTE,

               direi[4].data);

  glTexImage2D(GL_TEXTURE_2D, 5, GL_RGB, 4, 4, 0,     GL_RGB, GL_UNSIGNED_BYTE,

               direi[5].data);

  glTexImage2D(GL_TEXTURE_2D, 6, GL_RGB, 2, 2, 0,     GL_RGB, GL_UNSIGNED_BYTE,

               direi[6].data);

  glTexImage2D(GL_TEXTURE_2D, 7, GL_RGB, 1, 1, 0,     GL_RGB, GL_UNSIGNED_BYTE,

               direi[7].data);

  glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

  glEnable(GL_TEXTURE_2D);

}

void display(void)

{ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

  glBindTexture(GL_TEXTURE_2D, texName[0]);

  glBegin(GL_QUADS);

    glTexCoord2f(-2, -1); glVertex3f(-2, 0,  1);

    glTexCoord2f( 2, -1); glVertex3f( 2, 0,  1);

    glTexCoord2f( 2,+80); glVertex3f( 2, 0,-80);

    glTexCoord2f(-2,+80); glVertex3f(-2, 0,-80);

  glEnd();

  glBindTexture(GL_TEXTURE_2D, texName[1]);

  glBegin(GL_QUADS);

    glTexCoord2f( -1, 2); glVertex3f(-2, 2,  1);

    glTexCoord2f( -1, 0); glVertex3f(-2, 0,  1);

    glTexCoord2f(+80, 0); glVertex3f(-2, 0,-80);

    glTexCoord2f(+80, 2); glVertex3f(-2, 2,-80);

  glEnd();

  glBindTexture(GL_TEXTURE_2D, texName[2]);

  glBegin(GL_QUADS);

    glTexCoord2f(-1, 0); glVertex3f(2, 0,  1);

    glTexCoord2f(-1, 2); glVertex3f(2, 2,  1);

    glTexCoord2f(80, 2); glVertex3f(2, 2,-80);

    glTexCoord2f(80, 0); glVertex3f(2, 0,-80);

  glEnd();

  glFlush();

}

void reshape(int w, int h)

{ glViewport(0, 0, (GLsizei) w, (GLsizei) h);

  glMatrixMode(GL_PROJECTION);

  glLoadIdentity();

  gluPerspective(60.0, (GLfloat)w/(GLfloat)h, 1.0, 30000.0);

  glMatrixMode(GL_MODELVIEW);

  glLoadIdentity();

  gluLookAt(0.0, 2, 2, 0.0, 1.0, 0.0, 0.0, 1.0, 0.0);

}

void keyboard (unsigned char key, int x, int y)

{ if (key==27) exit(0); }

int main(int argc, char** argv)

{ glutInit(&argc, argv);

  glutInitDisplayMode(GLUT_SINGLE | GLUT_RGB | GLUT_DEPTH);

  glutInitWindowSize(500, 500);

  glutInitWindowPosition(50, 50);

  glutCreateWindow(argv[0]);

  init();

  glutDisplayFunc(display);

  glutReshapeFunc(reshape);

  glutKeyboardFunc(keyboard);

  glutMainLoop();

  return 0;     

}
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// Mipmap6.cpp: Com funcao loadTexture

#include <GL/glut.h>

#include <cekeikon.h>

vector<GLuint> texturas(3);

void loadTexture(string nome, GLuint itexture)

{ glBindTexture(GL_TEXTURE_2D, itexture);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR_MIPMAP_LINEAR);

  // Usa piramide com 9 andares

  const int npiramide=9;

  Mat_<COR> a; le(a,nome);

  Mat_<COR> mip;

  for (int i=0; i<npiramide; i++) {

    int tam=pow(2,npiramide-1-i);

    resize(a, mip, Size(tam,tam),0,0,INTER_AREA);

    mip=cv2gl(mip);

    glTexImage2D(GL_TEXTURE_2D, i, GL_RGB, tam, tam, 0, GL_RGB, GL_UNSIGNED_BYTE,

                 mip.data);

  }

  glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

  glEnable(GL_TEXTURE_2D);

}

void init(void)

{ glEnable(GL_DEPTH_TEST);

  glShadeModel(GL_FLAT);

  glPixelStorei(GL_UNPACK_ALIGNMENT, 1);

  glGenTextures(texturas.size(), &texturas[0]);

  loadTexture("texchess.jpg",texturas[0]);

  loadTexture("lenna.jpg",texturas[1]);

  loadTexture("stone2.jpg",texturas[2]);

}

void display(void)

{ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

  // Usa texturas[0]

  glBindTexture(GL_TEXTURE_2D, texturas[0]);

  glBegin(GL_QUADS);

    glTexCoord2f(-2, -1); glVertex3f(-2, 0,  1);

    glTexCoord2f( 2, -1); glVertex3f( 2, 0,  1);

    glTexCoord2f( 2,+80); glVertex3f( 2, 0,-80);

    glTexCoord2f(-2,+80); glVertex3f(-2, 0,-80);

  glEnd();

  // Usa texturas[1]

  glBindTexture(GL_TEXTURE_2D, texturas[1]);

  glBegin(GL_QUADS);

    glTexCoord2f( -1, 2); glVertex3f(-2, 2,  1);

    glTexCoord2f( -1, 0); glVertex3f(-2, 0,  1);

    glTexCoord2f(+80, 0); glVertex3f(-2, 0,-80);

    glTexCoord2f(+80, 2); glVertex3f(-2, 2,-80);

  glEnd();

  // Usa texturas[2]

  glBindTexture(GL_TEXTURE_2D, texturas[2]);

  glBegin(GL_QUADS);

    glTexCoord2f(-1, 0); glVertex3f(2, 0,  1);

    glTexCoord2f(-1, 2); glVertex3f(2, 2,  1);

    glTexCoord2f(80, 2); glVertex3f(2, 2,-80);

    glTexCoord2f(80, 0); glVertex3f(2, 0,-80);

  glEnd();

  glFlush();

}

void reshape(int w, int h)

{ glViewport(0, 0, (GLsizei) w, (GLsizei) h);

  glMatrixMode(GL_PROJECTION);

  glLoadIdentity();

  gluPerspective(60.0, (GLfloat)w/(GLfloat)h, 1.0, 30000.0);

  glMatrixMode(GL_MODELVIEW);

  glLoadIdentity();

  gluLookAt(0.0, 2, 2, 0.0, 1.0, 0.0, 0.0, 1.0, 0.0);

}

void keyboard (unsigned char key, int x, int y)

{ if (key==27) exit(0); }

int main(int argc, char** argv)

{ glutInit(&argc, argv);

  glutInitDisplayMode(GLUT_SINGLE | GLUT_RGB | GLUT_DEPTH);

  glutInitWindowSize(512, 512);

  glutInitWindowPosition(50, 50);

  glutCreateWindow(argv[0]);

  init();

  glutDisplayFunc(display);

  glutReshapeFunc(reshape);

  glutKeyboardFunc(keyboard);

  glutMainLoop();

  return 0;     

}
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//mandril2.cpp

#include <GL/glut.h>

#include <cstdlib>

#include <cmath>

#include <cekeikon.h>

float anguloz=0.0;

float angulox=0.0;

Mat_<COR> tex;

static GLuint texName;

void texImage(string nome)

{ le(tex,nome);

  flip(tex,tex,0);

  cvtColor(tex,tex,CV_BGR2RGB);

}

void init(void) 

{ glClearColor(1.0, 1.0, 1.0, 1.0); 

  glShadeModel(GL_SMOOTH);

  GLfloat light_position[] = { 5.0, 5.0, 5.0, 0.0 };

  glLightfv(GL_LIGHT0, GL_POSITION, light_position);

  glEnable(GL_LIGHTING);

  glEnable(GL_LIGHT0);

  glEnable(GL_DEPTH_TEST);

  texImage("mandril.jpg");

  glPixelStorei(GL_UNPACK_ALIGNMENT, 1);

  glGenTextures(1, &texName);

  glBindTexture(GL_TEXTURE_2D, texName);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

  glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, tex.rows, tex.cols, 

                0, GL_RGB, GL_UNSIGNED_BYTE, tex.data);

  //glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

  glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_MODULATE);

  glBindTexture(GL_TEXTURE_2D, texName);

}

void esferaSmooth(GLdouble radius, GLint slices, GLint stacks)

{ 

  // slices=maca stacks=mortadela

  // stacks dividivel por 4

  // slices dividivel por 2

  float rStack=M_PI/stacks;

  float rSlice=M_2PI/slices;

  for (int i=0; i<stacks; i++) { // mortadela y

    float phi=M_PI-i*rStack;

    for (int j=0; j<slices; j++) { // maca x

      float theta=j*rSlice;

      Vec3f a=esf2ret(Vec3f(radius,theta,       phi));

      Vec3f b=esf2ret(Vec3f(radius,theta,       phi-rStack));

      Vec3f c=esf2ret(Vec3f(radius,theta+rSlice,phi-rStack));

      Vec3f d=esf2ret(Vec3f(radius,theta+rSlice,phi));

      if (stacks/4<=i && i<3*stacks/4 && j<slices/2) {

        glEnable(GL_TEXTURE_2D);

      } else { 

        glDisable(GL_TEXTURE_2D);

      }

      glBegin(GL_QUADS); 

        //glTexCoord2f(0.0, 0.0); 

        glTexCoord2f((2.0/slices)*j, (2.0/stacks)*(i-stacks/4)); 

        glNormal3fv(&versor(a)[0]); 

        glVertex3fv(&a[0]); 

        //glTexCoord2f(0.0, 1.0); 

        glTexCoord2f((2.0/slices)*j, (2.0/stacks)*(i+1-stacks/4)); 

        glNormal3fv(&versor(b)[0]); 

        glVertex3fv(&b[0]); 

        //glTexCoord2f(1.0, 1.0); 

        glTexCoord2f((2.0/slices)*(j+1), (2.0/stacks)*(i+1-stacks/4)); 

        glNormal3fv(&versor(c)[0]); 

        glVertex3fv(&c[0]); 

        //glTexCoord2f(1.0, 0.0); 

        glTexCoord2f((2.0/slices)*(j+1), (2.0/stacks)*(i-stacks/4)); 

        glNormal3fv(&versor(d)[0]); 

        glVertex3fv(&d[0]); 

      glEnd();

    }

  }

}

void display(void)

{ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

  glPolygonMode(GL_FRONT, GL_FILL);

  float red=1.0, gre=1.0, blu=0.6;

  GLfloat mat_ambient[] = { 0.8*red, 0.8*gre, 0.8*blu, 1.0 };

  glMaterialfv(GL_FRONT, GL_AMBIENT, mat_ambient);

  GLfloat mat_diffuse[] = { red, gre, blu, 1.0 };

  glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_diffuse);

  GLfloat mat_specular[] = { 0.8, 0.8, 0.8, 1.0 };

  glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);

  GLfloat mat_shininess[] = { 30.0 };

  glMaterialfv(GL_FRONT, GL_SHININESS, mat_shininess);

  esferaSmooth(1,30,24);

  glutSwapBuffers();

}

void reshape(int w, int h)

{ glViewport(0, 0,(GLsizei) w,(GLsizei) h); 

  glMatrixMode(GL_PROJECTION);

  glLoadIdentity();

  gluPerspective(30.0,(GLfloat) w/(GLfloat) h, 0.1, 20.0); 

  glMatrixMode(GL_MODELVIEW);

  gluLookAt(0, 5, 0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0);

  glPushMatrix();

}

void keyboard(unsigned char key, int x, int y)

{ if(key==27) { 

    exit(0);

  } else if(key=='s') {

    anguloz = anguloz-2;

    if(anguloz<0) anguloz=anguloz+360;

  } else if(key=='d') {

    anguloz = anguloz+2;

    if(anguloz>360) anguloz=anguloz-360;

    glPopMatrix();

  } else if(key=='x') {

    angulox = angulox-2;

    if(angulox<0) angulox=angulox+360;

  } else if(key=='e') {

    angulox = angulox+2;

    if(angulox>360) angulox=angulox-360;

    glPopMatrix();

  } else return;

  glPopMatrix();

  glPushMatrix();

  glRotatef(anguloz, 0,0,1);

  glRotatef(angulox, 1,0,0);

  glutPostRedisplay();

}

int main(int argc, char** argv)

{ glutInit(&argc, argv);

  glutInitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT_DEPTH);

  glutInitWindowSize(500, 500); 

  glutInitWindowPosition(100, 100);

  glutCreateWindow(argv[0]);

  init();

  glutDisplayFunc(display); 

  glutReshapeFunc(reshape);

  glutKeyboardFunc(keyboard);

  glutMainLoop();

  return 0;

}
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// Teatex1.cpp: Com funcao loadTexture

#include <GL/glut.h>

#include <stdlib.h>

#include <cekeikon.h>

vector<GLuint> texturas(1);

void loadTexture(string nome, GLuint itexture)

{ glBindTexture(GL_TEXTURE_2D, itexture);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR);

  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR_MIPMAP_LINEAR);

  // Usa piramide com 9 andares

  const int npiramide=9;

  Mat_<COR> a; le(a,nome);

  Mat_<COR> mip;

  for (int i=0; i<npiramide; i++) {

    int tam=pow(2,npiramide-1-i);

    resize(a, mip, Size(tam,tam),0,0,INTER_AREA);

    mip=cv2gl(mip);

    glTexImage2D(GL_TEXTURE_2D, i, GL_RGB, tam, tam, 0, GL_RGB, 
                 GL_UNSIGNED_BYTE, mip.data);

  }

  glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_MODULATE);

  glEnable(GL_TEXTURE_2D);

  glBindTexture(GL_TEXTURE_2D, 0);

}

void init(void)

{ glEnable(GL_DEPTH_TEST);

  glShadeModel(GL_SMOOTH);

  glPixelStorei(GL_UNPACK_ALIGNMENT, 1);

  glGenTextures(texturas.size(), &texturas[0]);

  loadTexture("texchess.jpg",texturas[0]);

  GLfloat position[] = { 3, 3, 3, 0 };

  glLightfv(GL_LIGHT0, GL_POSITION, position);

  glEnable(GL_LIGHTING);

  glEnable(GL_LIGHT0);

  glLightModeli(GL_LIGHT_MODEL_LOCAL_VIEWER,GL_TRUE);

  //glLightModeli(GL_LIGHT_MODEL_TWO_SIDE,GL_TRUE);

}

void display(void)

{ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

  // Usa texturas[0]

  GLfloat mat_specular[] = { 0.8, 0.8, 0.8, 1.0 };

  glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);

  GLfloat mat_diffuse[] = { 0.2, 0.8, 0.8, 1.0 };

  glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_diffuse);

  GLfloat mat_ambient[] = { 0.1, 0.4, 0.4, 1.0 };

  glMaterialfv(GL_FRONT, GL_AMBIENT, mat_ambient);

  GLfloat mat_shininess[] = { 10.0 };

  glMaterialfv(GL_FRONT, GL_SHININESS, mat_shininess);

  glBindTexture(GL_TEXTURE_2D, texturas[0]);

  glPushMatrix ();

    glTranslatef(0, 0.5, 0);

    glutSolidTeapot(1);

  glPopMatrix ();

  glBindTexture(GL_TEXTURE_2D, 0); // unbind texture

  glFlush();

}

void reshape(int w, int h)

{ glViewport(0, 0, (GLsizei) w, (GLsizei) h);

  glMatrixMode(GL_PROJECTION);

  glLoadIdentity();

  gluPerspective(50.0, (GLfloat)w/(GLfloat)h, 0.2, 3000.0);

  glMatrixMode(GL_MODELVIEW);

  glLoadIdentity();

  gluLookAt(0, 3, 3,  0, 0.5, 0,  0, 1, 0);

}

void keyboard (unsigned char key, int x, int y)

{ if (key==27) exit(0); }

int main(int argc, char** argv)

{ glutInit(&argc, argv);

  glutInitDisplayMode(GLUT_SINGLE | GLUT_RGB | GLUT_DEPTH);

  glutInitWindowSize(500, 500);

  glutInitWindowPosition(50, 50);

  glutCreateWindow(argv[0]);

  init();

  glutDisplayFunc(display);

  glutReshapeFunc(reshape);

  glutKeyboardFunc(keyboard);

  glutMainLoop();

  return 0;     

}
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// Mipmap9.cpp: Montanha com funcao textura
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