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Axonometric Projections

Construction of an Axonometric
Projection
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Perspective Projection

o ®2(FAl) #F (Perspective Projection)2 ZHX| 7}
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OpenGL Orthographic Projection

OpenGL Perspective Projection

o glm::ortho(left, right, bottom, top, near, far)
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OpenGL Perspective Projection

Orthographic Projection

O glm::perspective(fovy, aspect, near, far)
m fovy — Y-F 220 M 2| A|OF (field of view) Zf &=
= aspect - FEHO| (HH|E &0|2 Lt&) SEH| (aspect ratio)
= near - %% S2|E™
» far- 5% 22|24 H®

Projection = glm::perspective(45, aspect, 0.1, 100); @
¥
A h
____.,-:-""
A
far COP | f 2~ hon
ar~1 aspect = w/h
Loy
»

o AW EH (Orthographic projection)
= FEMO| 2= HHO| X0 BAF AL S0t ZR0|CL
|

Hxof FtH|Etel HHO| &S EHAZ|7F FettholLt.,

1 0 0 O
Orthographic projection M, iho = 0100 q=Mp
o
Yo =Y [x, ¥, =] .. L i
Zp :_01 [II!P, v, G] 5 X X
Wp - i y IVlortho y
e e g p — = q =
z 0
’ 1 [ 1]




Perspective Projection

Perspective Projection
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Perspective Projection Projection Normalization
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Orthogonal Projection Matrix

Oblique Projection Matrix
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Perspective Projection Matrix

O Perspective projection2 2% SZH(View volume)=
Ma=EZ7E (Canonical view volume)2 2 O ZSHC}
[, r] =>[-1, 1], [b, t] => [-1, 11, [-n, -f] => [-1, 1]
[n, f] => [1, -1]
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o A2 J3 (Perspective normalization)
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Perspective Projection Matrix

ox=+zOlH x" =+1
oy=+zO[H y =+1
o Far plane z = -farO|H,
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_near+far _ far+ near
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OpenGL Perspective Projection

o glm:frustum(left, right, bottom, top, near, far)
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OpenGL Perspective Projection

o Shear H(cotd,cotg) = H right + left top + bottom
' —2near = —2near
o Then, - right — /efz" . top — bottomn 2= _near.z — —far
- 2near —2near
o Scal% _s - 2near —2near 1
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O Then,
x=*fz,y=%z
o Normalize [1 0 0 O] :_—faf+neaf
N=1op 1 0 0 far — near
2far near
00 a B =S
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OpenGL Perspective Projection Matrix

o Frustum= NSH
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- -2 7
- 0 0 . near 0 0o ol1 o (right + left)
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10 0 - 0 0 0 10 0 0 1
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right — left right — left
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Computer Viewing

o AFHOMe 252 ChEat 20| FLdEIC)
= 7HO2Fe -rIXI-‘P-f ghek2 TOoFELE
Model-view transformation matrix

= EQHBIS XMasi0} )
Projection transformation matrix }Iipped out
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View volume | S
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Positioning the Camera Frame

Q

o 2E-2S HBHE (model-view transformation matrix)
b}
oHd

o &5 #

>

Ok

FZE(VRP), E5H BH(VPN), 25

Ab otti H(VUP)E 0|83t 2t=-HIak & (view-
orientation matrix) &'H

o Look-at &

Positioning the Camera Frame

o OpenGLO A Zto 2} @K X[ &
= 7IHELE RE22REH FI2 O|FAI7|E
= = =HE FtHEte] R 2 O|FA|I7|= ¢

World = glm:translate(glm::mat4(1.0f), glm:vec3

— i N, _._

/a

World frame = Camera frame MOV'”Q the camera frame
after translation by —d, d > 0

l.

Positioning the Camera

o A& S|™ (rotation)dt 0| S (translation)2 2 ZHH| 2}
IXIE X8 = UL
o O A|: x5 YROIN HiEtE s B
= R=7IHEIE y5=2 SHRE 9T
= T=7tH2tE JENM M 222 0|
= Model-view matrix C = TR
World = glm:translate(glm:mat4(1.0f), glm:vec3(0.0; 0.0, -d))

* glm:rotate(gim:mat4(1.0f), -90, glm::vecX0, 1, 0));




Camera Frame Camera Frame
o #& X (View reference point, VRP) o View-orientation matrix, M
o #EH HM (View plane normal, VPN) n = PRP - VRP w, v, n, 0
o 2= ASHHE (View-up vector, VUP) M= ”:y V:y ”:y 0
o ZHHEH (Side vector) u = VUP x n uoz VOZ noz (1)
o M2 E (Up vector) v =nxu
o u, v, n& d1t2(normalize) n VUP o Rotation matrix, M' = MT = R
o 2=
system
7t

<
- o O O
S o o =
(= )

ZtE | (viewing coordinate o World frameOf| A ZtH| 22| {X| X|7H: V = RT
' u'_v'_n')9|- VRPE #7510 v u' u' u' 0 -e u'.  u', u —eoy'
o2t =2 (camera frame)2 & NVRP v.: v’j. v-: 0 - ei V’i "'i- v,: ey
n',oon', n, 1 —e; - n'. n', n, -—een
0 0 0 0 1 0 0 0 |
PRP (Projection u

Reference Point)o

lookAt lookAt
o gIm::IookAt o Eye Point: Zt02tel | (FE XHE)
— O Look-At: ZtO2t7F HCtE D Q= fIX] (ZHH 2t
n=eye- ¥ o|O|X|e| Z&0| &= fIX))
/ ! (ot , af , af ) i o Up-Vector: 2E ZtHEAO|M 7t 27t E= up BIH
(Ztoil2t o|o|X|of| M OC| 2 aSh=X|0f| CHt HakHH)

World space origin Camera space origin Look-at point (p, p, p,)




gluLookAt

Yaw, Pitch, Roll

void gluLookAt(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)
ul0] = v[11*n[2] = v[2]*n[1]; u[1] = -v[0]*n[2] + v[2]*n[O]; u[2] = v[O]*n[1] - V[1]*n[O];
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)

o ®HE (Yaw) - Y= 3|H
o 3™ (Pitch) - X= 2™
o 23 (Roll) - 2= 3|H

mag = sqrt(v[0]*v[0] + v[1]*v[1] + Vv[2]*V[2]); . - i Fa g
if (mag) { v[0] /= mag; v[1] /= mag; v[2] /= mag; } Y_" o
et &
MI[0] = u[0]; M[4] = u[1]; M[8] =u[2];, MI[12] = 0.0; //R ~
M[1] = v[0]; M[5] = v[1]; M[9] =vV[2]; MI[13] = 0.0; Fi
MI[2] = n[0]; M[6] = n[1]; M[10] = n[2]; M[14] = 0.0; Rall Pich faw
M[3] = 0.0; M[7] =00, M[11] = 0.0; M[15] = 1.0;
glMultMatrix(M);
glTranslated(-ex, -ey, -ez); // RT
}
Elevation and Azimuth Reference

22 (Azimuth) — X3 2| (-180 ~ 180)

Elevation) — Y& 2|™ (-90 ~ 90)

b (Twist angle) — Z= 2| (-180 ~ 180) |
s

A *ﬁ%*

N -0
=

|_:||
0
N

3kt 2EE 7 Elevation

(Spherical Polar Coordinates System)

Azimuth

o2 Hsl
http://www.songho.ca/opengl/gl_projectionmatrix.html




