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1. Ct32 OpenGL Z23H0o| YR O|CL of2fel EHEo EtAL. (707)

GLuint initTexture(const char * flename, GLint wrap, GLint mag, GLint min)
{
unsigned char *imageBuffer;
int imgWidth = 0, imgHeight = 0, num = 0;
imageBuffer = simage_read_image(filename, &imgWidth, &imgHeight, &num);
GLuint texturelD;
if (imageBuffer != NULL) {
glGenTextures(1, &texturelD);
glBindTexture(GL_TEXTURE_2D, texturelD);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, wrap);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, wrap);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, mag);
glTexParameteri(GL_TEXTURE_2D,GL_TEXTURE_MIN_FILTER, min);
glTeximage2D(GL_TEXTURE_2D, 0, num == 3 ? GL_RGB : GL_RGBA, imgWidth, imgHeight,
0, num ==3? GL_RGB : GL_RGBA, GL_UNSIGNED_BYTE, imageBuffer);
if (minfilter == GL_NEAREST || minfilter == GL_LINEAR) { }
else {
glGenerateMipmap(GL_TEXTURE_2D);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_BASE_LEVEL, 0);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAX_LEVEL, 4);
}
gIBindTexture(GL_TEXTURE_2D, 0);
}
}

GLuint setSquareData()
{

squareVertices.push_back(glim:
squareVertices.push_back(glm:
squareVertices.push_back(gim:
squareVertices.push_back(gim:
squareNormals.push_back(glm:
squareNormals.push_back(glm:
squareNormals.push_back(glm:
squareNormals.push_back(glm:

:vec3(-1.0f, -1.0f, 0.0f));
:vec3( 1.0f, -1.0f, 0.0f));
:vec3( 1.0f, 1.0f, 0.0f));
:vec3(-1.0f, 1.0f, 0.0f));
:vec3(0.0f, 0.0f, 1.0f));

-vec3(0.0f, 0.0f, 1.0f)
-vec3(0.0f, 0.0f, 1.0f)
-vec3(0.0f, 0.0f, 1.0f)

);
);
)

squareTextureCoords.push_back(glm::vec2(-1.0f, -1.0f));
squareTextureCoords.push_back(gim::vec2( 2.0f, -1.0f));
squareTextureCoords.push_back(gim::vec2( 2.0f, 3.0f));
squareTextureCoords.push_back(gim::vec2(-1.0f, 3.0f));

squarelndices.push_back(0); squarelndices.push_back(1); squarelndices.push_back(2);
squarelndices.push_back(0); squarelndices.push_back(2); squarelndices.push_back(3);
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return vao;

}

GLuint setCylinderData(float radius=1.0f, float height=2.0f, int slices=16)
{

glm::vec3 vertex;

float xTexCoord = 0.0f;

float theta = (float) (2*M_Pl/slices);

for (int i=0; i<=slices; i++) {
vertex[0] = radius * cosf(theta * i);
vertex[1] = -height/2.0f;
vertex[2] = radius * sinf(theta * i);
cylinderVertices.push_back(vertex);
cylinderNormals.push_back( 1 );
cylinderTextureCoords.push_back(gim::vec2(xTexCoord, 0.0f));
numCylinderVertices++;
vertex[0] = radius * cosf(theta * i);
vertex[1] = height/2.0f;
vertex[2] = radius * sinf(theta * i);
cylinderVertices.push_back(vertex);
cylinderNormals.push_back( 2 );
cylinderTextureCoords.push_back(gim::vec2(xTexCoord, 1.0f));
numCylinderVertices++;
xTexCoord += 1.0f/slices;

3/ B A=

return vao;

}

void init()
{ I BT 4=
texture[0] = initTexture(“opengl.jpg”, GL_REPEAT, GL_NEAREST, GL_NEAREST);
texture[1] = initTexture(“*opengl.jpg”, GL_REPEAT, GL_LINEAR, GL_LINEAR_MIPMAP_LINEAR);
texture[2] = initTexture(“opengl.jpg”, GL_REPEAT, GL_LINEAR, GL_LINEAR);
texture[3] = initTexture(“*opengl.jpg”, GL_MIRRORED_REPEAT, GL_LINEAR, GL_LINEAR);

texture[4] = initTexture(“opengl.jpg”, GL_CLAMP_TO_EDGE, GL_LINEAR, GL_LINEAR);
texture[5] = initTexture(“rock.jpg”, GL_REPEAT, GL_LINEAR, GL_LINEAR);

texture[6] = initTexture(“lightmap.png”, GL_REPEAT, GL_LINEAR, GL_LINEAR);
squareVAO = setSquareData();

}

void drawTextureQuad(int texturelD)

{
glActiveTexture(GL_TEXTUREO);
gIBindTexture(GL_TEXTURE_2D, texturelD);
glBindVertexArray(squareVAO);
glDrawElements(GL_TRIANGLES, 6, GL_UNSIGNED_INT, 0);
glBindVertexArray(0);
glBindTexture(GL_TEXTURE_2D, 0);

}

void draw()

{
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
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drawTextureQuad(texture[0]); // &7t
drawTextureQuad(texture[1]); // &7t
drawTextureQuad(texture[2]); // &7t
drawTextureQuad(texture[3]); // &7t
drawTextureQuad(texture[4]); // 7t
Il B2t MEF
drawTextureQuad(texturef5]),
g/DepthFunc(GL_LEQUAL);
glEnable(GL_BLEND);
glBlendFunc(GL_ONE, GL_ONE);
drawTextureQuad(texturef6]),
glDepthFunc(GL_LESS);
glDisable(GL_BLEND);

o ol 1

0% 0% 0% 0% 0%

T TN T
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1) 2o ZE=0|AM view matrix@} projection matrix7t £SQUX| XtN|5| MdHsa} (5H)

2) flel REOM glm.lookAt(gim::vec3(4, 0, 0), glm:vec3(0, 0, 0), glm:vec3(0, 1, 0)); &=t
MMt view matrix® S E5}2}. (10H)
peudo code: n = eye - at; n.normalize(); u = up x n; u.normalize(); v = n x u; v.normalize();
View[0][0] = u[0]; View[1][0] = u[l]; View[2][0] = u[2]; View[3][0] = - u - eye;
View[0][1] = v[0]; View[1][1] = v[1]; View[2][1] = v[2]; View[3][1] = - v - eye;
View[0][2] = n[0]; View[1][2] = n[1]; View[2][2] = n[2]; View[3][2] = - n - eye;

View[0][3] = 0; View[1][3] = O; View[2][3] = 0; View[3][3] = 1;

g

View =

3) %o ZEofM setCylinderData(...) &4 L{E0| cylinderNormals.push_back(_1_ )1} (_2 )

ot S0iZ W82 FAUII? (5H)
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4) %|°] A Eo0A glDrawElements(...) &
I

[=]
YA EE AYAE BAY 2)E 4

=7t B MZdE d2l=X (BHE 1AL
Fstat. (57)

5)

BIAX Hzlo] aiod ZE| (Mipmap filter)E XIM|S| MdESiel. d2|jn ¢ 2

25 2ot Hojzt (5H)

6) ¢l REOIM HAN DfFe =Hoi, =z FE{Y(Filtering)o] FAQ

texture[2]2 HfQIEsIo] OFS m LIEfLLE Xfo|MO| FARIX| XtMIS] EFstE}. (10F)

HA e

= I

Loi0IX|, texture[0], texture[l],
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7) 9 IEO|A texture[2], texture[3], texture[4]2 EIAKX HIOIEISI0] O3S 0 LIEfL= ko] M
J3ez J3{M XtMs] dEstat. (10H)

k=3
=

8) % ZLEofAM setSquareData() T+ L{o| CIS HF=20| o2}t ZoO|

drawTextureQuad(texture[3]); &2 ZalE 2i2}. (5H)
squareVertices.push_back(gim::vec3(-0.5f, -0.5f, 0.0f));
squareVertices.push_back(gim::vec3( 0.5f, -0.5f, 0.0f));
squareVertices.push_back(glm::vec3( 0.5f, 0.5f, 0.0f));
squareVertices.push_back(gim::vec3(-0.5f, 0.5f, 0.0f));
squareTextureCoords.push_back(glm::vec2(-1.0f, -1.0f));
squareTextureCoords.push_back(glm::vec2( 0.0f, -1.0f));
squareTextureCoords.push_back(glm::vec2( 0.0f, 0.0f));
squareTextureCoords.push_back(glm::vec2(-1.0f, 0.0f));

rE
52
mjo

I

9) ¥l REO0M draw() B Lo o/ZEF# FF0| oA SEHI=X| AM[S| 2. 0]
BE0M glDepthFunc(GL_LEQUAL)= o 2R3t X|? (10H)
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10) @] I EOA draw() e LHO| o/&=/% LZ2Z0|A glBlendFunc(GL_ONE, GL_ONE);= O{™H
glel s40l7)? arek A o|o|X|g LiEfLtE E3IT (background only)S RISHCIH O EA|
HHYOoF st=71? (5H)

2. CtZ2 =9 (lighting)of 2t ZH|O|Ct. of2fe] &E0| EOIA 2. (30F)

m-—1
=K )+ 3 Ful LN o L)+ KSR V) |+ E
/=0

1) & 2™ =¥ 23 (Phong Reflection Model)0jjA| 2tZAYEAL (ambient reflection),
HEAL (dlf use reflection), "HtA}l (specular reflection)7} £2AQUX|, 2|2] SAI0|A 01
= 22X dFstal (53)

2) HYHA(specular reflection)oll AF83HE HAR MIE{7H SQIQIX| AtHI3| LW stat. (5%)

3) Per-pixel lighting(2®¥, Phong shading)0| £ AQIX| XiA|s| HHSI2t. 0|Z0| per-
vertex lighting1}e| X}o|H2 2¢Q17}? (10H)
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void main()
{

vec3 MaterialDiffuseColor = texture2D(gTextureSampler, TexCoordPass).rgb;
vec3 MaterialAmbientColor = vec3(0.1,0.1,0.1) * MaterialDiffuseColor;
vec3 MaterialSpecularColor = vec3(0.3,0.3,0.3);

float distance = length(gLightPosition - PositionWorldPass);

vec3 N = normalize(NormalViewPass);
vec3 L = normalize(LightDirectionViewPass);
float cosTheta = clamp(dot(N, L), 0, 1);

vec3 V = normalize(EyeDirectionViewPass);
vec3 R =reflect(-L, N);
float cosAlpha = clamp(dot(V,R), 0, 1);

Color = MaterialAmbientColor +

MaterialDiffuseColor * gLightColor * cosTheta / (distance*distance) +

MaterialSpecularColor * gLightColor * pow(cosAlpha,5) / (distance*distance);

3. CtZ2 moglclass®| SimpleMobile E2jA 92| HEQl SimpleObject S22 0|C}. o] &
tjA7F S&St= O = A4 Jgloz 122} (extra 10H).

void SimpleObject::init()

{
partl = Cube(4.0f);
part2 = Cylinder(2.0f, 4.0f, 16);
part3 = Torus(1.5f, 0.5f, 32, 16);
part4 = Sphere(2.0f, 16, 16);
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void SimpleObject::draw(Program* p, glm::mat4 projection, glm::mat4 view, glm::mat4
model)
{

p->useProgram();

p->setUniform("gProjection”, projection);

p->setUniform("gView", view);

glm::mat4 m1 = model * bodyTransform;
p->setUniform("gModel", m1);
partl.draw();

glm::mat4 m2 = m1 * partTransform[0];
p->setUniform("gModel", m2);
part2.draw();

glm::mat4 m3 = m2 * partTransform[1] * partTransform[3];
p->setUniform("gModel", m3);
part3.draw();

glm::mat4 m4 = m2 * partTransform[2] * partTransform|[3];
p->setUniform("gModel", m4);
partd.draw();

}

bool SimpleObject::update(float deltaTime)

{
angle = angle - 180.0f * (float) (deltaTime) * 0.0001f;
bodyTransform = glm::rotate(glm::mat4(1.0f), angle, glm::vec3(0, 1, 0));
partTransform[0] = glm::translate(glm::mat4(1.0f), glm::vec3(0.0f, -4.0f, 0.0f));
partTransform[1] = glm::translate(gim::mat4(1.0f), gim::vec3(-2.0f, -4.0f, 0.0f));
partTransform[2] = glm::translate(glm::mat4(1.0f), glm::vec3(2.0f, -4.0f, 0.0f));
partTransform[3] = glm::rotate(glm::mat4(1.0f), angle, gim::vec3(0.0f, 0.0f, 1.0f));
return true;

M
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