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Axonometric Projections
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OpenGL Orthographic Projection
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Perspective Projection
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Perspective Projection

Projection Normalization
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Oblique Projection Matrix

Oblique Projection Matrix

¥
A

‘ - i Back clipping plane 76]1\]——‘}:—%-> Z]_l—ﬂ—E[':—‘%
D A58 > 48
@ \ Front clipping plane Z_]ﬂ_r?:__% > Z_]ﬂ—‘}f—(g

Projection plane
\ DOP

-

VA
4 side view
3 A

top view y-yle , ,

tang = ,
tanH:X_X {o.y Y=Y,
p

; Y, =Y—2zcotg

X, =X—zcotf =

O xy shear (z values unchanged)

1 0 —cotd O
Heg) = |0 1 —cote O 4 __
00 0 1 e
O Projection matrix: P =M, H(8,¢) .///

O General case: P = Morth(e,d))

Perspective Projection Matrix

Perspective Projection Matrix

/

.='; ’/
;o #
“ ] /’/ T = -Fﬂ'f’
//
: “: 1 ' -1 ]
: o
— 'Pféjéction plane at z = -1

-

AFA > A4AA
425 > AuFG
Aoz Hold $FYAS] B - 4224

O U<+ 418} (Perspective normalization)

Distorted object
Zmx projects correctly

N\ an
\

x=1z 2+1 New clipping
y =tz D+ volume
z = near/far 2> £1




Perspective Projection Matrix

Perspective Projection Matrix
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OpenGL Perspective Projection
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OpenGL Perspective Projection OpenGL Perspective Projection
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Positioning the Camera Frame

Positioning the Camera
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glTranslatef(0.0, 0.0, -d) A

Moving the camera frame
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® Model-view matrix C = TR

glMatrixMode(GL_MODELVIEW);
glLoadldentity/();

glTranslatef(0.0, 0.0, -d);
glRotatef(-90.0, 0.0, 1.0, 0.0);

Camera Frame

Camera Frame
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O View-orientation matrix, M
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0 0 0 1

O Rotation matrix, M1 =MT =R
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gluLookAt

gluLookAt

O Eye Point: 74| 2}e] 93 (A= 31A)

0 Look-At : Zhl2k7F Atk EAL Q1= 912 (Fhl et o] 1] #] €]
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World space origin Camera space origin Look-at point (p,, py, p,)

gluLookAt

Yaw, Pitch, Roll

void éluLookAt(GLdouble ex, GLdouble ey, GLdouble ez, GLdouble ax, GLdouble ay, GLdouble az,
Ldouble ux, GLdouble uy, GLdouble uz) {

GLdouble M[16]; GLdouble u[3], v[3], n[3]; GLdouble mag;

n[0] = ex - ax; n[1] = ey - ay; n[2] = ez - az; // n (camera frame Z)
mag = sqrt(n[0]*n[0] + n[1]*n[1] + n[2]*n[2]);
if (mag) { n[0] /= mag; n[1] /= mag; n[2] /= mag; }

v[0] = ux; v[1] = uy; v[2] = uz; // u (camera frame X)

u[0] = v[1]*n[2] - v[2]*n[1]; u[1] = -v[0]*n[2] + v[2]*n[0]; u[2] = v[0]*n[1] - v[1]*n[0];
mag = sqrt(u[0]*u[0] + u[1]*u[1] + u[2]*u[2]);

if (mag) { u[0] /= mag; u[1] /= mag; u[2] /= mag; }

v[0] = n[1]*u[2] - n[2]*u[1]; v[1] = -n[0]*u[2] + n[2]*u[0]; v[2] = n[0]*u[1] - n[1]*u[0]; // v (camera frame Y)
mag = sqrt(V[O]*V[O] +V[1]*v[1] + v[2]*v[2]);
if (mag) { v[0] /= mag; v[1] /= mag; v[2] /= mag; }

M[0] = u[0]; M[4] =u[1]; M[8] =u[2]; M[12]=0.0; /R
M[1] = v[0]; M[5] = v[1]; M[9] =v[2]; M][13]=0.0
M[2] = n[0]; M[6] =n[1]; M[10] =n[2]; M[14] =
M[3]=0.0; M[7]=0.0; M[11]=0.0; M[15]=
gIMultMatrix(M);

glTranslated(-ex, -ey, -ez); //RT

HE (Yaw) - Y5 3| A
A (Pitch) - X& 3] A
A (Roll) - 2% 3] A
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Elevation and Azimuth

o %917t (Azimuth) - X3 3 4 (-180 ~ 180)
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