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Camera Movement
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void display()

Projection = glm:perspective(45, 1, 0.1, 1000);
View = glm:mat4(1.0f); // Identity matrix

drawObjects();

Camera Movement

Camera Movement

Mol 7ti2t &2 (Camera movement)2 7t 219
Q| X| 2t ¥EF (Camera position & orientation)= worldOf|
st (Inverse transformation)2 & -8 St

float cameraX, cameraY, cameraZ, cameraHeading;
void display()

{
Projection = perspective(45, 1, 0.1, 1000);

;World = rotate(mat4(1.0f), -cameraHeading, vec3(0, 1, 0))

: * translate(mat4(1.0f), vec3(-cameraX, -cameray, -cameraZ));é
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o Navigation

m Fly-through (6DOF)
= Yaw (y), pitch (x), roll (z) orientation
m Walk forward/backward (z), strafe right/left (x), fly up/down

(y) movement

= Walk-through (2DOF)
= Pan (y)
= Walk forward/backward (z)




Hidden Surface

Hidden Surface Removal

o =3 (Hidden surfaces)2 occlusion depth cueE M3&?%

o AEH =AM, 7t2{ 3 (occlusion)0| 2 0=
FEEZRH 72 M7 REZEOA 2|
Jba|s HS arsic

A= =2

o 2o A mO|ZEtRI0| A occlusion culling2 2
M| 0] Y (shading)t 2 A E{ 3}(rasterization)st?| 0| 2
XA (hidden surface removal)& $HLCI.

.

o 2™ X7 (Hidden Surface Removal) ¥ 11 2|&
o 2| BZI7|Y - AL HY 2RSS M2 b2
HMAHo=z 0| Wi 0| 2O|X| = AAX| AF
#o| ¥E A n2|E (Depth-sorting algorithm) - E2|=2| 2t H
Zolof mef FEok 7, W ARH FHSHH JEIL} Painter's
algorithm2t1 = ST}
Binary Space Partitioning (BSP) tree — BSP treeE AMESI0] 2
LH2k0| M2t front, backs FEHY S¢S ASHRE .
- OO[X| B2 7|¥ - =& WHo| Y=o £xB
S o AH| ot YAX[OM H BHRIZ THAY

fjo

)

EHRI2 ZALSHY z (Z240]) 240|
7P A2 WMol g2 ORI z4t2 N&ESt= 2oL (z-
buffer)7| 2 23}LCt.

Ray-casting — A|RO|A FEHO| 2t SIAE Soff Y (ray)E
SFAStD, O] "l XSO 2 OtLt= K| E MEASIO] it TS
J2ict olo| ot 2 HRHOIAM Bt el 23 X7 go|ct

Hidden Surface Removal

Z-buffer
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glEnable(GL_DEPTH_TEST);
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glEnable(GL_CULL_FACE);
glCullFace(GL_FRONT);
glCullFace(GL_BACK);
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7—buffer
(depth buffer)

Color buffer




Z-buffer
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o Z0| HI (Z-buffer, depth buffer)& 2|1 Xt st=
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Color buffer Depth buffer

Z-buffer Algorithm

o Z-buffer algorithm2 MZ2 IS T2 I{OICH M2
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Color buffer Depth buffer

OpenGL Z-buffering

o OpenGLO| A z-buffer% ArgSte{H HA ZI0| HIHE
X788l m, 200/ HR HIAES SNS|BIC
glutinitDisplayMode(GLUT_ SINGLE|GLUT RGBIGLUT DEPTH);
glEnable(GL_DEPTH_TEST);
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o Of Z2|0tC 0| M E X|2CF
glClear(GL_COLOR_BUFFER BIT|GL_DEPTH_BUFFER BIT);
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glEnable(GL_CULL);

Depth Fighting
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Projections and Shadows
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Projections and Shadows
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Planar Shadow [J. Blinn, 88]

Planar Shadow [J. Blinn, 88]
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Projection Shadow Projection Shadow
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Projection Shadow Matrix Projection Shadow Matrix
// create a shadow matrix that will project the desired shadow
void ShadowMatrix(GLfloat shadowMat[16], GLfloat plane[4], GLfloat lightpos[4])
- _ _ _ {
Sx nel l"n" lxny l"nz l"nw P GLfloat dot; // dot product of light position and ground plane normal
s —In n-l—In, —In —Iln. D, dot = plane[0] * lightpos[0] + plane[1] * lightpos[1] + plane[2] * lightpos[2]
v | _ yix 7y yz yiw y .
= + plane[3] * lightpos[3];
S, —Ln, _lzny n-l—In, —ln, D. shadowMat[0] = dot - lightpos[0] * plane[0];
_ _ _ ] shadowMat[1] = O.f - lightpos[0] * plane[1];
1 lwnx l”’n—" lwnz nl anw 1 shadowMat[2] = 0.f - lightpos[0] * plane[2];
Eolyy , — shadowMat[3] = 0.f - lightpos[0] * plane[3];
T oo wn [nx,ny,nz,nw] shadowMat[4] = 0.f - lightpos[1] * plane[0];
97— —HalPoolm ] — — AT olm ] — shadowMat[5] = dot - lightpos[1] * plane[1];
gl=[l ly [.,1,] where 1 =3 4ddeold [,=0, I=%"d¢ s l,=1 shadowMat[6] = 0.f - lightpos[1] * plane[2];
shadowMat[7] = 0.f - lightpos[1] * plane[3];
shadowMat[8] = 0.f - lightpos[2] * plane[0];
shadowMat[9] = O.f - lightpos[2] * plane[1];
shadowMat[10] = dot - lightpos[2] * plane[2];
shadowMat[11] = 0.f - lightpos[2] * plane[3];
shadowMat[12] = 0.f - lightpos[3] * plane[0];
shadowMat[13] = O.f - lightpos[3] * plane[1];
shadowMat[14] = 0.f - lightpos[3] * plane[2];
shadowMat[15] = dot - lightpos[3] * plane[3];
}




Shadow

Render with shadow

Render without shadow

Reflection

3 Rallsstion: 2.1 ips:

http://www.gamasutra.com/features/19990723/opengl_texture_objects_02.htm

Planar Reflection
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Planar Reflection
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Planar Reflection

Planar Reflection Matrix
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void ReflectionMatrix(GLfloat reflectionMat[16], GLfloat plane[4]) // create a reflection matrix

{

s EE FE EH (}’Zr . XY Igﬁ)o-” CHst 3 reflectionMat[0] = 1 - 2 * plane[0] * plane[0];
reflectionMat[1] = - 2 * plane[0] * plane[1];
_ - - reflectionMat[2] = - 2 * plane[0] * plane[2];
yz & ™ Plane(1,0,0,0) xz8 ™ Plane(0,1,0,0) xy& ™ Plane(0,0,1,0) reflectionMat[3] = - 2 * plane[0] * plane[3];
0 0 0 1 0 00 1 0 0 O reflectionMat[4] = - 2 * plane[1] * plane[Q];
_ reflectionMat[5] = 1 - 2 * plane[1] * plane[1];
! 0 0 R = 0 100 R = 61 00 reflectionMat[6] = - 2 * plane[1] * plane[2];
0O 1 0 =10 0 1 0 Y10 0 -1 0 reflectionMat[7] = - 2 * plane[1] * plane[3];
0 0 1 0 0 01 00 0 1 reflectionMat[8] = - 2 * plane[2] * plane[0];
reflectionMat[9] = - 2 * plane[2] * plane[1];
reflectionMat[10] = 1 - 2 * plane[2] * plane[2];
reflectionMat[11] = - 2 * plane[2] * plane[3];
reflectionMat[12] = 0.0;
reflectionMat[13] = 0.0;
reflectionMat[14] = 0.0;
reflectionMat[15] = 1.0;




