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1. %o true, E2|W falseE H2A| Q. (20%)
1) OpenGLolA ©2+% ] winding orders= WHA]A] ¥-3Fo| T,
2) = W= o e Aol A ARE-gET -
3) EF 3 (convex) A= AA| ol dole] F e dds= AR Hol T oo A
ol A el Ut -
4) o} W 3SH(Affine Transformation)< 41%d4 (Colinearity)®} 712]¢] #®]#| (Ratio of
distance) & A gttt
5) #H= 3t ol A" HAAE A E=
6) AW (Square Matrix):= FWFE=A] 93 (Inverse Matrix) & 2t+=T.
7) glutPostRedisplay() &5+ 9%=57F A= T ofd Q7 e A& AT o
A& E -
8) ME HE (Request mode) Y& GA A= X7t ES|A @ wfj7}A] =7 X (Measure)
b TRIOPO T WA =T
9) glutBitmapCharacter() 35 AHES A= GLY WSS, 1A, Z7], W3kl ol
B etk -
10) AH¥1<* (Quaternion)®] - L ZHH A o] A HETh -
2. O A "3r L. (303)
1) ot Asxk 29 9ol OPENGL® A (x, y, z5)% 34 (rotation) WS HA|

A 2.
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A p7t

FH (n, d)olA W nep+d<0 o2t p= HA of At
A p7t B (n,d)olA REF nep+d=0 o]t p= HH o At}
A p7t B (n,d)olA REF nep+d>0 ol p= HH o At}
3) glutDisplayFunc(void (func*)(void)) &5 AW 3IA 2

4) OpenGLolA 7|3 7} @H(Default Camera)2] 9%} #Z5FHS 7+as] Aysta 19
o2 xAEHEh

5) The 3% 31 d 32 ol A Symmetric Matrixs %32}
R =1cosé + Symmetric (1-cosé)+Skew siné

Symmetric| | a, || y |=a(a-X)

a, |)z
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6) ofglel 1¥E& #33te] OPENGL Geometry Primitives ol Aol A 7]3}28+4]

5)
© 2 GL_LINES, GL_LINE_STRIP, GL_LINE_LOOPE 1< uj zlo]H<&

glBegin(GL_LINES);

for (int i=0; i<5; i++)
glVertex2fv(vli]);

glEnd();

glBegin(GL_LINE_STRIP);
for (int i=0; i<5; i++)

glVertex2fv(v[i]);
glEnd();

glBegin(GL_LINE_LOOP);
for (int i=0; i<5; i++)

glVertex2fv(v[i]);
glEnd();

A

vd

v2

A
B o 549 AE FAste &9 23E a8 (10%)

/I draw the ship where (cx, cy) is the center position of the spaceship
void Ship::draw()
{
glBegin(GL_POLYGON); /l base
glColor3f(0.0, 0.0, 1.0);
glVertex2f(cx, cy + 20);
glVertex2f(cx - 4, cy + 15);
glVertex2f(cx - 4, cy +5);
glVertex2f(cx + 4, cy + 5);
glVertex2f(cx + 4, cy + 15);
glEnd();

glBegin(GL_POLYGON); /I base left wing
glColor3f(0.0, 1.0, 0.0);

“
A
=

7

A B
W stet.

[e)

OPENGL GeometryE A}-8-3t -5 (Spaceship)S 13 & 3

i
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glVertex2f(cx - 4, cy +5);

glVertex2f(cx - 4, cy + 15);

glVertex2f(cx - 13, cy + 5);
glEnd();

glBegin(GL_POLYGON); /I base right wing
glColor3f(0.0, 1.0, 0.0);
glVertex2f(cx + 4, cy + 5);
glVertex2f(cx + 13, cy + 5);
glVertex2f(cx + 4, cy + 15);
glEnd();

glBegin(GL_POLYGON); /l'left wing
glColor3f(1.0, 1.0, 1.0);
glVertex2f(cx - 4, cy +5);
glVertex2f(cx - 4, cy + 15);
glVertex2f(cx - 10, cy + 2);

glEnd();

glBegin(GL_POLYGON); /[ right wing
glColor3f(1.0, 1.0, 1.0);
glVertex2f(cx + 4, cy + 5);
glVertex2f(cx + 10, cy + 2);
glVertex2f(cx + 4, cy + 15);

glEnd();

glBegin(GL_POLYGON); /I big fire
glColor3f(1.0, 1.0, 0.0);
glVertex2f(cx, cy);
glVertex2f(cx + 4, cy + 5);
glVertex2f(cx - 4, cy +5);

glEnd();

glBegin(GL_POLYGON); /I small fire
glColor3f(1.0, 0.0, 0.0);
glVertex2f(cx, cy + 2);
glVertex2f(cx + 2, cy + 5);
glVertex2f(cx - 2, cy +5);

glEnd();
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4. &2 YL 7)38F Fo]ZEQl (Geometric Pipeline) 7X2& HoF

£ s ARt (10%)

T Tk Zzte) B

et Vertex Clipper and
processor

S Rasterizer Fragment Pixels
primitive assembler processor

Vertex Processor (& *8]):

Clipper and Primitive Assembler (2|33 7|28 42 X ¥)

Rasterizer (] 2~E 3}):

Fragment Processor (%3 > 2]):
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5. 2 f&E#Ho| g&E (Display List)= 743 339 A9 A4 (Picking)°] AH&-H

ALl A3 331 A

OPENGL Z 2713 dBRE HoF3 Ju} f2Zg o] g2EE
9 Ade agez Jelz @03).

A9 &8 23 (5, drawObject)} HAZHQ FH &
e, 4 gl FEdeElE FH 02 gotbdt (103).

/
void initDL()
{

GLfloat white[] ={1, 1, 1, 1};
GLfloat black[] ={0, 0, 0, 1};
GLfloat orange[] = {1.0f, 0.5f, 0.5f};

gINewList(1, GL_COMPILE);

glMaterialfv(GL_FRONT, GL_AMBIENT_AND_DIFFUSE, white);
/ base body

glPushMatrix();

glTranslatef(0.0f, 1.0f, 0.0f);

gluSphere(quadric, 1.5f, 20, 20);

/[ upper body

glPushMatrix();
glTranslatef(0.0f, 2.0f, 0.0f);
gluSphere(quadric, 1.0f, 20, 20);

/Il head

glPushMatrix();
glTranslatef(0.0f, 1.3f, 0.0f);
gluSphere(quadric, 0.6f, 20, 20);

/I eyes

glPushMatrix();

glMaterialfv(GL_FRONT, GL_AMBIENT_AND_DIFFUSE, black);
glTranslatef(0.2f, 0.1f, 0.6f);

gluSphere(quadric, 0.1f, 10, 10);

glPopMatrix();

glPushMatrix();
glTranslatef(-0.2f, 0.1f, 0.6f);
gluSphere(quadric, 0.1f, 10, 10);
glPopMatrix();

/I nose

glPushMatrix();

glMaterialfv(GL_FRONT, GL_AMBIENT_AND_DIFFUSE, orange);
glTranslatef(0.0f, -0.1f, 0.6f);

glRotatef(0.0f,1.0f, 0.0f, 0.0f);

gluCylinder(quadric, 0.1f, 0.0, 0.35, 10, 2);

glPopMatrix();

glPopMatrix();

glPopMatrix();
glPopMatrix();
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glEndList();

}

//

void drawObject(float x, float y, float z)

{
glPushMatrix();
glTranslatef(x, vy, 2);
glCallList(1);
glPopMatrix();

}

//

void drawObjects(GLenum mode)

{
if (mode == GL_SELECT) glLoadName(1);
drawObject(O0, -3, -3);
if (mode == GL_SELECT) glLoadName(2);
drawObject(-3, -3, 3);
if (mode == GL_SELECT) glLoadName(3);
drawObject(3, -3, 0);
if (mode == GL_SELECT) glLoadName(4);
drawObject(-6, -3, 3);
if (mode == GL_SELECT) glLoadName(5);
drawObject(6, -3, -3);

}

J_8reE age 3
void drawGround()

{

glMaterialfv(GL_FRONT, GL_AMBIENT_AND_DIFFUSE, darkbrown);

glBegin(GL_QUADS);

for(int i =-10;i <= 10; ++i) {
gINormal3f(0, 1, 0);
glVertex3f(i*5, -3, -50);
glVertex3f(i*5, -3, 50);

glVertex3f(50, -3, i*5);
glVertex3f(-50, -3, i*5);

9lEnd();
}

/
void init(void)

{

glClearColor(0.0f, 0.0f, 0.0f, 0.0f); / Clear The Background Color To Blue
glClearDepth(1.0); /l Enables Clearing Of The Depth Buffer
glDepthFunc(GL_LESS); /l The Type Of Depth Test To Do
glEnable(GL_DEPTH_TEST); /l Enables Depth Testing
glShadeModel(GL_SMOOTH); /l Enables Smooth Color Shading

/l'lighting
GLfloat lightPos[4] ={-1, 1, 1, 0};
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void display()

{

}
/4
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glLightfv(GL_LIGHTO, GL_POSITION, lightPos);
glLightfv(GL_LIGHTO, GL_DIFFUSE, white);
glEnable(GL_LIGHTING);
glEnable(GL_LIGHTO);

/I quadric

guadric = gluNewQuadric();
gluQuadricNormals(quadric, GLU_SMOOTH);
gluQuadricDrawStyle(quadric, GLU_FILL);

for (inti=0;i<5;i++)

initDL();

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

glMatrixMode(GL_PROJECTION);
glLoadldentity();
gluPerspective(60, 1, 0.1, 1000);
glMatrixMode(GL_MODELVIEW);
I &2+ Mek,

drawGround();
drawObjects(GL_RENDER);

glutSwapBuffers();

int processHits (GLint hits, GLuint buffer[])

{

inti, j, choose, depth;

/I if there is more than 0 hits
if (hits >0) {

}

printf ("hits = %d\n", hits);
choose = buffer[3]; /I make the selection the first object
depth = buffer[1]; I/l store how far away it is

for (i =1; i < hits; i++){ /I for all detected hits
/'if this object is closer to us than the one we selected
if (buffer[i*4+1] < GLuint(depth)) {
choose = buffer[i*4+3]; // select the closer object
depth = buffer[i*4+1]; /] store how far away it is

}
}

return choose;

return -1,
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/
void pick(int x, int y)
{
GLuint selectBuf[512];
GLint viewport[4];
GLint hits;
intid;
glSelectBuffer(512, selectBuf); /Il selectBuf is where to store the hits
glRenderMode(GL_SELECT); /l GL_SELCT mode
glinitNames(); /I clear name stack
glPushName(0); /I fill the stack with one element
/l modify the viewing volume, restricting selection area around the cursor
glMatrixMode(GL_PROJECTION); /I select the projection matrix
glPushMatrix(); /I push the projection matrix
glLoadldentity();
glGetintegerv(GL_VIEWPORT, viewport);
gluPickMatrix((GLdouble)x, (GLdouble)(viewport[3]-y), 1, 1, viewport);
gluPerspective(60, (float)viewport[2]/(float)viewport[3], 0.1, 1000);
glMatrixMode(GL_MODELVIEW); // draw object onto the screen
drawObjects(GL_SELECT); /l'i.e., draw only the names in the stack
glMatrixMode(GL_PROJECTION); // select the projection matrix
glPopMatrix(); /I pop the projection matrix
glMatrixMode(GL_MODELVIEW); /I select the modelview matrix
glFlush();
/I swith to render mode, get hit info
hits = gIRenderMode(GL_RENDER);
id = processHits(hits, selectBuf);
printf ("You picked object %d\n", id);
}
/
void mouse(int button,int state,int x,int y)
{
prevX = x;
prevY =vy;
switch(button)
{

case GLUT_LEFT_BUTTON:
mbuttons[0] = ((GLUT_DOWN-==state)?1:0);
if (mbuttons[0]) pick(x, y);
break;

case GLUT_MIDDLE_BUTTON:
mbuttons[1] = (GLUT_DOWN==state)?1:0);
break;

case GLUT_RIGHT_BUTTON:
mbuttons[2] = ((GLUT_DOWN==state)?1:0);
break;

default:
break;

}
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glutPostRedisplay();
}

int main(int argc, char** argv)

{
glutinit(&argc, argv);
glutinitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT_DEPTH);
glutinitWindowSize(600, 600);
glutinitWindowPaosition(0,0);
glutCreateWindow(argv[0]);
glutReshapeFunc(reshape);
glutDisplayFunc(display);
glutKeyboardFunc(keyboard);
glutSpecialFunc(specialkey);
glutMouseFunc(mouse);
glutMotionFunc(motion);

init();
glutMainLoop();
return O;
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HH: pen+d -°

>

class plane {

public:
float a, b, c, d;
/I constructor..
plane(float a_, float b_, float c_, floatd );
/I static utility methods (plane p: a, b, ¢, d & vector3 v: x, Y, z)
static float dotNormal(const plane & p, const vector3 & v); // a*x + b*y + c*z + d*0
static float dotCoord(const plane & p, const vector3 & v); // a*x + b*y + c*z + d*1
Il 7R
|3

typedef struct _RAY {
vector3 p0; T |
vector3 u; I ek

} RAY;

bool RayPlanelntersection(plane p, RAY line, vector3& out)

{

float denom = plane::dotNormal(p, line.u);
if (denom ==0)
return false;

float t = -plane::dotCoord(p, line.p0)/denom;
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if (t<0)
return false;
out = line.p0 + t*(line.u); /[ return vector

return true;

int main(int argc, char *argv[])

{
plane plane0O(1, 0, 0, 1);
RAY rayl, ray2, ray3;
rayl.p = vector3(l, 0, 0);
rayl.u = vector3(-1, -1, 0);
ray2.p = vector3(0, 0, -2);
ray2.u = vector3(l, 1, 1);
ray3.p = vector3(1, 1, 0);
ray3.u = vector3(l, 1, 1);

vector3 outl, out2, out3;

if (RayPlanelntersection(plane0, rayl, outl))

cout << "outl =" << outl << endl; //

ZFAF (20098 E3}7]) 2000d 49 21Y

°ol&

if (RayPlanelntersection(plane0, ray2, out2))

cout << "out2 =" << out2 << endl; //

if (RayPlanelntersection(plane0, ray3, out3))

cout << "out3 =" << out3<<endl; //

return O;
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