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Construction of an Axonometric
Axonometric Projections Projection
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Perspective Projection

1-,2-,3-Point Perspective
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OpenGL Orthographic Projection

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

o glm:perspective(fovy, aspect, near, far)
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Perspective Projection

o |Z2/EA £Y (Perspective projection)
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Perspective Projection

o £ ™ (Projection plane, PP)O| z = 00 R[4, -?-%%é!
(Center of projection, COP)0| z = -d0j| /= 482

P
o

Z +— INCOP (0,0,-d)
XX g X 1 0 0 0]
d z+d @+dyd 1o 1 0 o0
y' Y S A
R y'= 0 O 0 0
d z+d (z+d)/d
2120 220 0 0 1/d 1

Projection Normalization

o £ =3} (projection normalization)= Q== ZH K| 2
Hu £HO| #e Mo Aot= FHO| = E,
AYEE AT RN Po =M o seg AD
SO 2 HEAF| HYo|C)

/
.//./ / l
Distort Oﬂhqgrqphic
(normalize) : projection
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Oblique Projection Matrix
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Perspective Projection Matrix

Perspective Projection Matrix

o |2 "2t (Perspective normalization)
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OpenGL Perspective Projection

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

OpenGL Perspective Projection

O Shear p(cotd,cotg) = H| cot™ right + left ,cot”™ top +bottom
-2 far -2 far

o Th right — left top —bottom
en’X=ig—,y =ip—,z =—near,z =—far
-2 far -2 far
O Scale . ( —2near  —2near !
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X=%z,y=%z
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I N \ I o = o Thedl
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OpenGL Perspective Projection Computer Viewing
FHOIMO| 252 Ch31t Z0| -4 =Lt
- . 7 = 7H31|Ef°| x|t Hets &OotEL.
P= NSH:_Zni 0 M Model-view transformation matrix
right — left right —left . EQHBIS XM 23iL} f
2near top +bottom 0 Projection transformation matrix I }Iipped out
top—bottom  top—bottom « 22|3 (Clipping) 3+C}. 270 /9
0 0 far + near —2farnear View volume ' ..} ------ e
far—near  far—near 0 OpenGLOjAf Z£7] 74| 2f= '// | rsston e 70
0 0 ~1 0 = 2% Za Yol AHO| £/, : S e
. - = z-%0| S4ueg it
w AnfEos 47FE0 /UL,
= AEE SHCE o 2t ol Zo|7t 20 HEHAME & 2#F
Z7tg Iy
= 7|2 FEH2 z=0Q HO[L, FHY2 z=50t LIS




Positioning the Camera Frame

Positioning the Camera Frame

o RE-2=F HBHE (model-view transformation matrix)
b} A
od

o 2= HZEF(VRP), 2H5H BH(VPN), 2=
SYHE(VUP)E 0| 8¢t 2t5-Lek HE (view-

orientation matrix) &t
O Look-at &=

0 OpenGLOJ| A Ztoi[2} @ X X|H &

= FtHEtE FELERH FZ 0|s5A|7|= YW

= = SNE FI0Ete] 22 O|sA|7|= YWHE ALETtCt
World = glm:translate(glm:mat4(1.0f), glm:vec3(0.0, 0.9, -d));
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World frame = Camera frame Moving the camera frame
after translation by -d, d > 0

Positioning the Camera

era Frame
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Q
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o O A x= & 01IA1 Hf P = &5
= R= 7fEHIEfE yE=2 SHeE 3|
= T=7t02tE JENM M 222 0|5
= Model-view matrix C = TR
World = glm::translate(glm:mat4(1.0f), glm:vec3(0.0, 0.0, -d))
* glm:zrotate(glm:mat4(1.0f), -90, gim:vecX0, 1, 0));

&

A (View reference point, VRP)

M (View plane normal, VPN) n = PRP - VRP
Sk E| (View-up vector, VUP)

(Side vector) u = VUP x n

(Up vector) v =nxu

£ ™M3Hnormalize) n VUP
ZtH A (viewing coordinate

stem, u'-v'-n")@} VRPE Z=7}5}0 v

M2 =2 (camera frame)S & NRP
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Camera Frame

lookAt

o View-orientation matrix, M o glm:lookAt vec3 & eye vec3 & at, ec3 & up
u, Vv, n, 0
M = u, Vv, n, 0 n = eye -
u, v, n, 0 t )
0 0 0 1 U = Up Xn ) 9
V=nX U vV
o Rotation matrix, M1 = MT = R : wf
o World frameO| A 70 2te] Q| X| X|&: V = RT 0 x
N
u' vou, 01 0 0 —e | [u, U, u, -—eel n
Vi Yy Ve 0010 me g VeV, v, —eeY S leye , eye! eye )Z
n. n, n, 0)0 0 1 -—¢ n. n, n, -—een A S
0 0 0 1jo 0 0 1 0 0 0 1
lookAt gluLookAt
o Ey@ PO//?Z‘ 9|—|:|'|| E|‘°| O-I (_?_ |':H'_7:") void LIgLoct:o)lfAt(GLgfgbleblex GLgE(ljblebley G)L?ouble ez, GLdouble ax, GLdouble ay, GLdouble az,
- = ouble ux, ouble uy, ouble uz,

C x
GLdouble M[16]; GLdouble u[3], v[3], n[3]; GLdouble mag;
O Look-At: ZtH|2t7F MEFE D Qe fIX| (FHH|2F
n[0] = ex — ax; n[1] = —ay; n[2] = ez - az,
O|EI|X| O| KMO' E|i O|I|) m[a]g :esqrt(?w[O]*[n[]O] +E};1[1]i}r/1[1][1 n[2e]*n[;]);
o U,O- Vector: Y E xl‘:li7:|| Oﬂkl ;l_n_” El_yl_ He [ up HHI E_I if (mag) { n[0] /= mag; n[1] /= mag; n[2] /= mag; }
=— o
(Ztofl2t o O|X|of| M OfC|= &f5t=X|0f| Ciet & H FEHIES)

// n (camera frame Z)

v[0] = ux; v[1] = uy; v[2] = uz; // u (camera frame X)
ul0] = v[1]*n[2] - v[2]*n[1]; u[1] = -v[0]*n[2] + v[2]*n[0]; u[2] = v[0]*n[1] - Vv[1]*n[O];
mag = sqrt(u[0]*u[0] + u[1]*u[l] + u[2]*u[2]);

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

\f/[O] = Q[)l]*u[2] = n[2]*u[1]; v[1] = -n[0]*u[2] + n[2]*u[0]; v[2] = n[0]*u[l] - n[1]*u[0]; // v (camera
rame

mag = sqrt(v[0]*v[0] + v[1]*V[1] + v[2]*V[2]);

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

MIO] = u[0]; MI[4] = u[l]; MI[8] =u[2]; M[12] = 0.0; // R
MI1] = v[0]; MI5] = v[1]; M[9] =vV[2]; MI[13] = 0.0;
M[2] = n[O] M[6] = n[l]; M[10] = n[2]; M[14] = 0.0;

M[3] = M[7] = 0.0; MI[11] = 0.0; M[15] = 1.0;
gIMuItMatrix(M);

World space origin

Camera space origin

Look-at point (p,, p, p,)

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




Yaw, Pitch, Roll

o He (Yaw) - Y= 3| H
S (Pitch) - X= 2|
o 2™ (Roll) - 2= 2|

x
z
Roll Pitch Yaw

a

Elevation and Azimuth

o 2|2t (Azimuth) - X= 3™ (-180 ~ 180)
o ¥Zt (Elevation) — Y= 2|™ (-90 ~ 90)
o WZH (Twist angle) — Z= 3| (-180 ~ 180) A
n -——“\.Oé-
/’V‘\

Elevation
3xHel JEA

(Spherical Polar Coordinates System)

Azimuth

Reference

o 92 Y
http://www.songho.ca/opengl/gl_projectionmatrix.html




