Capítulo 5b: Modelo de iluminação parte 2
Veja o capítulo 7 da minha dissertação de mestrado:

http://www.lps.usp.br/~hae/dissert.pdf
Modelo de iluminação local de Phong:
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 (reflexão especular)
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 (reflexão difusa)
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 (reflexão luz ambiente)
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 (soma de todos os termos)

Suavização de Gouraud e Phong:
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Sem e com suavização de Gouraud (imagens gerados no meu mestrado).
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Algoritmos de eliminação de superfície escondida z-buffer (usado no OpenGL):
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Algoritmo de eliminação de superfície escondida ray-casting (precursor do ray-tracing):
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Algumas imagens geradas por ray-tracing no meu mestrado (1992). Note sombras e reflexões entre objetos.
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Imagem com objeto transparente
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Geometria da reflexão e refração
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Cálculo recursivo das reflexões.

//plano3.cpp

#include <GL/glut.h>

#include <stdlib.h>

#include <cekeikon.h>

int fps=25;

float duracaoMs=1000.0/fps; //40ms

float duracaoS=1.0/fps; //0.04s

float olho=0;

float olhoM=0.5;

void init(void) 

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

  glShadeModel(GL_SMOOTH);

  glEnable(GL_DEPTH_TEST);

  // Selecting a Lighting Model

  glLightModeli(GL_LIGHT_MODEL_LOCAL_VIEWER,GL_TRUE); //Nao parece mudar

  //glLightModeli(GL_LIGHT_MODEL_TWO_SIDE,GL_FALSE);

  GLfloat v1[]={0.2,0.2,0.2,1.0};

  glLightModelfv(GL_LIGHT_MODEL_AMBIENT,v1);

  glEnable(GL_LIGHTING);

  // Creating Light Source

  GLfloat v2[]={ 0,0,0,1 };

  glLightfv(GL_LIGHT0, GL_AMBIENT,        v2); // Funciona

  GLfloat v3[]={ 1,1,1,1 };

  glLightfv(GL_LIGHT0, GL_DIFFUSE,        v3); // Funciona

  GLfloat v4[]={ 1,1,1,1 };

  glLightfv(GL_LIGHT0, GL_SPECULAR,       v4); // Funciona

  //glLightfv(GL_LIGHT0, GL_SPOT_DIRECTION, (GLfloat[]){ 0,0,-1, 0 });

  //glLightf(GL_LIGHT0, GL_SPOT_EXPONENT,  1.0);

  //glLightf(GL_LIGHT0, GL_SPOT_CUTOFF,  3.0);

  //glLightf(GL_LIGHT0, GL_LINEAR_ATTENUATION, 0.01);

  glEnable(GL_LIGHT0);

}

void display(void)

{ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

  // esf.x=rho (comprimento do vetor)

  // esf.y=theta (ang no plano xy, entre 0 e 2*M_PI)

  // esf.z=phi (descida, entre 0 e M_PI)

  Vec3f v=esf2ret( Vec3f(1,deg2rad(olho),deg2rad(70)) );

  Vec3f w(v[0],v[2],v[1]);

  glPushMatrix();

    glTranslatef(4*w[0],4*w[1],4*w[2]);

    GLfloat v4[]={ 0.4, 0.4, 0.0, 1.0 };

    glMaterialfv(GL_FRONT, GL_AMBIENT, v4);

    GLfloat v5[]={ 0.4, 0.8, 0.0, 1.0 };

    glMaterialfv(GL_FRONT, GL_DIFFUSE, v5);

    GLfloat v6[]={ 0.8, 0.8, 0.8, 1.0 };

    glMaterialfv(GL_FRONT, GL_SPECULAR, v6);

    GLfloat v7[]={ 50.0 };

    glMaterialfv(GL_FRONT, GL_SHININESS, v7);

    GLfloat v8[]={ 0.4, 0.4, 0.0, 1.0 };

    glMaterialfv(GL_FRONT, GL_EMISSION, v8);

    GLfloat v9[]={ 0,0,0,1 };

    glLightfv(GL_LIGHT0, GL_POSITION, v9); // w=1 para posicional.

    glTranslatef(-0.4*w[0],-0.4*w[1],-0.4*w[2]);

    glutSolidSphere(0.2,20,20);

  glPopMatrix();

  GLfloat v10[]={ 0.1, 0.4, 0.4, 1.0 };

  glMaterialfv(GL_FRONT, GL_AMBIENT, v10);

  GLfloat v11[]={ 0.2, 0.8, 0.8, 1.0 };

  glMaterialfv(GL_FRONT, GL_DIFFUSE, v11);

  GLfloat v12[]={ 0.8, 0.8, 0.8, 1.0 };

  glMaterialfv(GL_FRONT, GL_SPECULAR, v12);

  GLfloat v13[]={ 50.0 };

  glMaterialfv(GL_FRONT, GL_SHININESS, v13);

  GLfloat v14[]={ 0.0, 0.0, 0.0, 1.0 };

  glMaterialfv(GL_FRONT, GL_EMISSION, v14);

  int maximo=16;

  for (int xi=-maximo; xi<=+maximo-1; xi++)

    for (int zi=-maximo; zi<=+maximo-1; zi++) {

      double x=xi/(maximo/2.0);

      double z=zi/(maximo/2.0);

      glBegin(GL_QUADS);

        glNormal3f(0, 1, 0);

        glVertex3f(x  , 0, z  );

        glVertex3f(x  , 0, z+1);

        glVertex3f(x+1, 0, z+1);

        glVertex3f(x+1, 0, z  );

      glEnd();

    }

  glutSwapBuffers();

}

void spinDisplay(int value)

{ olho += olhoM;

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

  glutTimerFunc(round(duracaoMs),spinDisplay,0);

  glutPostRedisplay();

}

void reshape(int w, int h)

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

  glMatrixMode(GL_PROJECTION);

  glLoadIdentity();

  gluPerspective(15.0, (GLfloat)w / (GLfloat)h, 0.2, 500); 

  glMatrixMode(GL_MODELVIEW);

  glLoadIdentity();

  gluLookAt(0, 20, 20,  0, 0, 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_DOUBLE | GLUT_RGB | GLUT_DEPTH);

  glutInitWindowSize(500, 500); 

  glutInitWindowPosition(100, 100);

  glutCreateWindow(argv[0]);

  init();

  glutDisplayFunc(display); 

  glutReshapeFunc(reshape);

  glutTimerFunc(round(duracaoMs),spinDisplay,0);

  glutKeyboardFunc(keyboard);

  glutMainLoop();

}
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//esfera4.cpp

#include <GL/glut.h>

#include <stdlib.h>

#include <cekeikon.h>

int fps=25;

float duracaoMs=1000.0/fps; //40ms

float duracaoS=1.0/fps; //0.04s

float olho=0;

float olhoM=0.5;

void init(void) 

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

  glShadeModel(GL_SMOOTH);

  glEnable(GL_DEPTH_TEST);

  // Selecting a Lighting Model

  glLightModeli(GL_LIGHT_MODEL_LOCAL_VIEWER,GL_TRUE); //Nao parece mudar

  //glLightModeli(GL_LIGHT_MODEL_TWO_SIDE,GL_FALSE);

  glLightModelfv(GL_LIGHT_MODEL_AMBIENT,(GLfloat[]){0.2,0.2,0.2,1.0});

  glEnable(GL_LIGHTING);

  // Creating Light Source

  glLightfv(GL_LIGHT0, GL_AMBIENT,        (GLfloat[]){ 0,0,0,1 }); // Funciona

  glLightfv(GL_LIGHT0, GL_DIFFUSE,        (GLfloat[]){ 1,1,1,1 }); // Funciona

  glLightfv(GL_LIGHT0, GL_SPECULAR,       (GLfloat[]){ 1,1,1,1 }); // Funciona

  //glLightfv(GL_LIGHT0, GL_SPOT_DIRECTION, (GLfloat[]){ 0,0,-1, 0 });

  //glLightf(GL_LIGHT0, GL_SPOT_EXPONENT,  1.0);

  //glLightf(GL_LIGHT0, GL_SPOT_CUTOFF,  3.0);

  //glLightf(GL_LIGHT0, GL_LINEAR_ATTENUATION, 0.01);

  glEnable(GL_LIGHT0);

}

void display(void)

{ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

  // esf.x=rho (comprimento do vetor)

  // esf.y=theta (ang no plano xy, entre 0 e 2*M_PI)

  // esf.z=phi (descida, entre 0 e M_PI)

  Vec3f v=esf2ret(Vec3f(1,deg2rad(olho),deg2rad(70)));

  Vec3f w(v[0],v[2],v[1]);

  glPushMatrix();

    glTranslatef(4*w[0],4*w[1],4*w[2]);

    glMaterialfv(GL_FRONT, GL_AMBIENT, (GLfloat[]){ 0.4, 0.4, 0.0, 1.0 });

    glMaterialfv(GL_FRONT, GL_DIFFUSE, (GLfloat[]){ 0.4, 0.8, 0.0, 1.0 });

    glMaterialfv(GL_FRONT, GL_SPECULAR, (GLfloat[]){ 0.8, 0.8, 0.8, 1.0 });

    glMaterialfv(GL_FRONT, GL_SHININESS, (GLfloat[]){ 50.0 });

    glMaterialfv(GL_FRONT, GL_EMISSION, (GLfloat[]){ 0.4, 0.4, 0.0, 1.0 });

    glLightfv(GL_LIGHT0, GL_POSITION, (GLfloat[]){ 0,0,0,1 }); // w=1 para posicional.

    glTranslatef(-0.4*w[0],-0.4*w[1],-0.4*w[2]);

    glutSolidSphere(0.2,20,20);

  glPopMatrix();

  glMaterialfv(GL_FRONT, GL_AMBIENT, (GLfloat[]){ 0.1, 0.4, 0.4, 1.0 });

  glMaterialfv(GL_FRONT, GL_DIFFUSE, (GLfloat[]){ 0.2, 0.8, 0.8, 1.0 });

  glMaterialfv(GL_FRONT, GL_SPECULAR, (GLfloat[]){ 0.8, 0.8, 0.8, 1.0 });

  glMaterialfv(GL_FRONT, GL_SHININESS, (GLfloat[]){ 50.0 });

  glMaterialfv(GL_FRONT, GL_EMISSION, (GLfloat[]){ 0.0, 0.0, 0.0, 1.0 });

  glutSolidSphere (2.0, 40, 30);

  glutSwapBuffers();

}

void spinDisplay(int value)

{ olho += olhoM;

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

  glutTimerFunc(round(duracaoMs),spinDisplay,0);

  glutPostRedisplay();

}

void reshape(int w, int h)

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

  glMatrixMode(GL_PROJECTION);

  glLoadIdentity();

  gluPerspective(15.0, (GLfloat)w / (GLfloat)h, 0.2, 500); 

  glMatrixMode(GL_MODELVIEW);

  glLoadIdentity();

  gluLookAt(0, 20, 20,  0, 0, 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_DOUBLE | GLUT_RGB | GLUT_DEPTH);

  glutInitWindowSize(500, 500); 

  glutInitWindowPosition(100, 100);

  glutCreateWindow(argv[0]);

  init();

  glutDisplayFunc(display); 

  glutReshapeFunc(reshape);

  glutTimerFunc(round(duracaoMs),spinDisplay,0);

  glutKeyboardFunc(keyboard);

  glutMainLoop();

}
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//teapot2.cpp: Teste de iluminacao

#include <GL/glut.h>

#include <stdlib.h>

#include <cekeikon.h>

int fps=25;

float duracaoMs=1000.0/fps; //40ms

float duracaoS=1.0/fps; //0.04s

float olho=0;

float olhoM=2;

void init(void) 

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

  glShadeModel(GL_SMOOTH);

  glEnable(GL_DEPTH_TEST);

  // Selecting a Lighting Model

  glLightModeli(GL_LIGHT_MODEL_LOCAL_VIEWER,GL_TRUE); //Nao parece mudar

  //glLightModeli(GL_LIGHT_MODEL_TWO_SIDE,GL_FALSE);

  glLightModelfv(GL_LIGHT_MODEL_AMBIENT,(GLfloat[]){0.2,0.2,0.2,1.0});

  glEnable(GL_LIGHTING);

  // Creating Light Source

  glLightfv(GL_LIGHT0, GL_AMBIENT,        (GLfloat[]){ 0,0,0,1 }); // Funciona

  glLightfv(GL_LIGHT0, GL_DIFFUSE,        (GLfloat[]){ 1,1,1,1 }); // Funciona

  glLightfv(GL_LIGHT0, GL_SPECULAR,       (GLfloat[]){ 1,1,1,1 }); // Funciona

  //glLightfv(GL_LIGHT0, GL_SPOT_DIRECTION, (GLfloat[]){ 0,0,-1, 0 });

  //glLightf(GL_LIGHT0, GL_SPOT_EXPONENT,  1.0);

  //glLightf(GL_LIGHT0, GL_SPOT_CUTOFF,  3.0);

  //glLightf(GL_LIGHT0, GL_LINEAR_ATTENUATION, 0.01);

  glEnable(GL_LIGHT0);

}

void display(void)

{ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

  // esf.x=rho (comprimento do vetor)

  // esf.y=theta (ang no plano xy, entre 0 e 2*M_PI)

  // esf.z=phi (descida, entre 0 e M_PI)

  Vec3f v=esf2ret(Vec3f(1,deg2rad(olho),deg2rad(70)));

  Vec3f w(v[0],v[2],v[1]);

  glPushMatrix();

    glTranslatef(4*w[0],4*w[1],4*w[2]);

    glMaterialfv(GL_FRONT, GL_AMBIENT, (GLfloat[]){ 0.4, 0.4, 0.0, 1.0 });

    glMaterialfv(GL_FRONT, GL_DIFFUSE, (GLfloat[]){ 0.4, 0.8, 0.0, 1.0 });

    glMaterialfv(GL_FRONT, GL_SPECULAR, (GLfloat[]){ 0.8, 0.8, 0.8, 1.0 });

    glMaterialfv(GL_FRONT, GL_SHININESS, (GLfloat[]){ 50.0 });

    glMaterialfv(GL_FRONT, GL_EMISSION, (GLfloat[]){ 0.4, 0.4, 0.0, 1.0 });

    glLightfv(GL_LIGHT0, GL_POSITION, (GLfloat[]){ 0,0,0,1 }); // w=1 para posicional.

    glTranslatef(-0.4*w[0],-0.4*w[1],-0.4*w[2]);

    glutSolidSphere(0.2,20,20);

  glPopMatrix();

  glMaterialfv(GL_FRONT, GL_AMBIENT, (GLfloat[]){ 0.1, 0.4, 0.4, 1.0 });

  glMaterialfv(GL_FRONT, GL_DIFFUSE, (GLfloat[]){ 0.2, 0.8, 0.8, 1.0 });

  glMaterialfv(GL_FRONT, GL_SPECULAR, (GLfloat[]){ 0.8, 0.8, 0.8, 1.0 });

  glMaterialfv(GL_FRONT, GL_SHININESS, (GLfloat[]){ 50.0 });

  glMaterialfv(GL_FRONT, GL_EMISSION, (GLfloat[]){ 0.0, 0.0, 0.0, 1.0 });

  glutSolidTeapot(2);

  glutSwapBuffers();

}

void spinDisplay(int value)

{ olho += olhoM;

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

  glutTimerFunc(round(duracaoMs),spinDisplay,0);

  glutPostRedisplay();

}

void reshape(int w, int h)

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

  glMatrixMode(GL_PROJECTION);

  glLoadIdentity();

  gluPerspective(15.0, (GLfloat)w / (GLfloat)h, 0.2, 500); 

  glMatrixMode(GL_MODELVIEW);

  glLoadIdentity();

  gluLookAt(0, 20, 20,  0, 0, 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_DOUBLE | GLUT_RGB | GLUT_DEPTH);

  glutInitWindowSize(500, 500); 

  glutInitWindowPosition(100, 100);

  glutCreateWindow(argv[0]);

  init();

  glutDisplayFunc(display); 

  glutReshapeFunc(reshape);

  glutTimerFunc(round(duracaoMs),spinDisplay,0);

  glutKeyboardFunc(keyboard);

  glutMainLoop();

}
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//modelo6.cpp 

//compila modelo6 -ogl -cek
#include <GL/glut.h>

#include <stdlib.h>

#include <cekeikon.h>

void leObj(vector<Vec3f>& vert, vector<Vec3i>& face, string nome)

// Arquivo obj tem v na frente de vertice e f na frente de face

// O numero de vertice comeca em 1.

{ FILE* arq=fopen(nome.c_str(),"rt");

  vert.clear(); face.clear();

  string st="";

  while (true) {

    st=leStr(arq);

    if (st=="v") {

      Vec3f v;

      leNum(arq,v[0]);

      leNum(arq,v[1]);

      leNum(arq,v[2]);

      vert.push_back(v);

    } else if (st=="f") {

      Vec3i w;

      leNum(arq,w[0]);

      leNum(arq,w[1]);

      leNum(arq,w[2]);

      w[0]--; w[1]--; w[2]--; // Faz com que vert comece em zero.

      face.push_back(w);

    } else if (st=="eof") {

      break;

    } else erro("Erro: comando inesperado ",st);

  }

  fclose(arq);

  // Normalizacao do objeto dentro do cubo de lado 2

  Vec3f minimo,maximo;

  minimo=maximo=vert[0];

  for (int i=0; i<int(vert.size()); i++) {

    Vec3f& v=vert[i];

    if (v[0]<minimo[0]) minimo[0]=v[0];

    if (v[1]<minimo[1]) minimo[1]=v[1];

    if (v[2]<minimo[2]) minimo[2]=v[2];

    if (v[0]>maximo[0]) maximo[0]=v[0];

    if (v[1]>maximo[1]) maximo[1]=v[1];

    if (v[2]>maximo[2]) maximo[2]=v[2];

  }

  Vec3f centro=0.5*(minimo+maximo);

  for (int i=0; i<int(vert.size()); i++) 

    vert[i]-=centro;

  minimo-=centro;

  maximo-=centro;

  Vec3f delta=maximo-minimo;

  float maior=max3(delta[0],delta[1],delta[2]);  

  for (int i=0; i<int(vert.size()); i++) 

    vert[i] *= (2/maior);

}

int fps=100;

float duracaoMs=1000.0/fps; //40ms

float duracaoS=1.0/fps; //0.04s

float olhoY=0;

float olhoX=0;

float olhoM=0.5;

vector<Vec3f> vert; 

vector<Vec3i> face;

void init(void)

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

  glShadeModel(GL_SMOOTH);

  glEnable(GL_DEPTH_TEST);

  // Selecting a Lighting Model

  glLightModeli(GL_LIGHT_MODEL_LOCAL_VIEWER,GL_TRUE); //Nao parece mudar

  //glLightModeli(GL_LIGHT_MODEL_TWO_SIDE,GL_FALSE);

  glLightModelfv(GL_LIGHT_MODEL_AMBIENT,(const GLfloat[]){0.3,0.3,0.3,1.0});

  glEnable(GL_LIGHTING);

  // Creating Light Source

  glLightfv(GL_LIGHT0, GL_AMBIENT,  (const GLfloat[]){ 0.0,0.0,0.0,1.0 } ); // Funciona

  glLightfv(GL_LIGHT0, GL_DIFFUSE,  (const GLfloat[]){ 1.0,1.0,1.0,1.0 } ); // Funciona

  glLightfv(GL_LIGHT0, GL_SPECULAR, (const GLfloat[]){ 1.0,1.0,1.0,1.0 } ); // Funciona

  glLightfv(GL_LIGHT0, GL_POSITION, (const GLfloat[]){ 5.0,5.0,5.0,1.0 } ); // w=1 para posicional.

  //glLightfv(GL_LIGHT0, GL_SPOT_DIRECTION, initF(4,  0.0,0.0,-1.0, 0.0 ));

  //glLightf(GL_LIGHT0, GL_SPOT_EXPONENT,  1.0);

  //glLightf(GL_LIGHT0, GL_SPOT_CUTOFF,  3.0);

  //glLightf(GL_LIGHT0, GL_LINEAR_ATTENUATION, 0.01);

  glEnable(GL_LIGHT0);

}

void display(void)

{ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

  glMaterialfv(GL_FRONT, GL_AMBIENT, (const GLfloat[]){ 0.2, 0.7, 0.7, 1.0 });

  glMaterialfv(GL_FRONT, GL_DIFFUSE, (const GLfloat[]){ 0.2, 0.7, 0.7, 1.0 });

  glMaterialfv(GL_FRONT, GL_SPECULAR, (const GLfloat[]){ 0.4, 0.4, 0.4, 1.0 });

  glMaterialf(GL_FRONT, GL_SHININESS, 20.0 );

  glMaterialfv(GL_FRONT, GL_EMISSION, (const GLfloat[]){ 0.0, 0.0, 0.0, 1.0 });

  glPushMatrix();

    glRotatef(olhoY,0,1,0);

    glRotatef(olhoX,1,0,0);

    for (int i=0; i<int(face.size()); i++) {

      Vec3f v0=vert[face[i][0]];

      Vec3f v1=vert[face[i][1]];

      Vec3f v2=vert[face[i][2]];

      Vec3f n=normalTri(v0,v1,v2);

      glBegin(GL_TRIANGLES);

        glNormal3fv(n.val);

        glVertex3fv(v0.val);

        glVertex3fv(v1.val);

        glVertex3fv(v2.val);

      glEnd();

    }

  glPopMatrix();

  glutSwapBuffers();

}

void spinDisplay(int value)

{ olhoY += olhoM;

  olhoX -= 20*olhoM/360;

  if (olhoY>360) { olhoY=olhoY-360; }

  if (olhoX<0) { olhoX=olhoX+360; }

  glutTimerFunc(round(duracaoMs),spinDisplay,0);

  glutPostRedisplay();

}

void reshape(int w, int h)

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

  glMatrixMode(GL_PROJECTION);

  glLoadIdentity();

  gluPerspective(20.0, (GLfloat)w / (GLfloat)h, 0.2, 500);

  glMatrixMode(GL_MODELVIEW);

  glLoadIdentity();

  gluLookAt(0, 5, 5,  0, 0, 0,  0, 1, 0);

}

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

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

int main(int argc, char** argv)

{ if (argc!=2) {

    printf("Modelo: Mostra arquivo .OBJ\n");

    printf("Modelo arq.obj\n");

    erro("Erro: Numero de argumentos invalido");

  }

  leObj(vert,face,argv[1]);

  glutInit(&argc, argv);

  glutInitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT_DEPTH);

  glutInitWindowSize(500, 500);

  glutInitWindowPosition(100, 100);

  glutCreateWindow(argv[0]);

  init();

  glutDisplayFunc(display);

  glutReshapeFunc(reshape);

  glutTimerFunc(round(duracaoMs),spinDisplay,0);

  glutKeyboardFunc(keyboard);

  glutMainLoop();

}
==========================

//Modelos baixados de:

//graphics.stanford.edu/~mdfisher/Data/Meshes/bunny.obj

//graphics.stanford.edu/~mdfisher/Data/Meshes/feline.obj

//graphics.stanford.edu/~mdfisher/Data/Meshes/skull.obj

//graphics.stanford.edu/~mdfisher/Data/Meshes/glob.obj
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