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Viewing
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Parallel Viewing
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Multiview Orthographic Projection

o A £ (Orthographic Projection)0f| A= £

(Projector)2 £ ™ (Projection plane)di| == 'O|Ef.
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Axonometric Projections

Construction of an Axonometric
Projection

% % (Axonometric view)0i| A
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Oblique Projection
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Perspective Projection 1-,2-,3-Point Perspective

o €7H, O|™, &% FAl (one, two, three point
perspectives) #Z2| Xt0|= AHH[C| M|7tX| = ek
720 L0pLp 2 Wero| RSO Bl 7o UL

o M8 FAILl 32 M 7Hel F= Eetof| B 2 E

O] 24 H (vanishing point)0j A BHFCH

o |2 (EAl) BF (Perspective Projection)2 2| 7}
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Orthographic Projection Perspective Projection
o W EH (Orthographic prcgiection)% Al HA| o |25 (Perspective progection)% BEH (frustum,
(rectilinear box)2| #&FSts 2HO| FHBICL i.e, truncated pyramid) 253 7t2 2tHO| FHSHC}
o AXel 27|17k AHe|of et HSEA| Gi=Ct. o 7P AM= 3 A LHELD, Ee| Ae A= ZA
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OpenGL Orthographic Projection

O glm:ortho(left, right, bottom, top, near, far)
= O] &==9f 07§ ==+ glFrustum?| Of7HH==QF S ST
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= near®t far= L2 AL WROM S4+2 HFAM AFESHT
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OpenGL Perspective Projection

o OpenGLO|A| F=AIE Y (perspective projection)2 7+ 2}
7F ™ (origin)0fl 1Kot Uem 7S Hi2tED QUCEH
o glm:frustum(left, right, bottom, top, near, far)
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OpenGL Perspective Projection

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

fovy — Y-5 EFO| M2 A|OF (field of view) Z &=

aspect - FEHO| (HH|E 0|2 Ltw) ZSEH| (aspect ratio)
near - %% S|4 H

far - 5% 22| H

Projection = glm:perspective(45, aspect, 0.1, 100);
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Perspective Projection

Perspective Projection

E S M (Center of projection)2 A& (Origin)

o Y¥2/FAl £ (Perspective projection)
u
= £ (Projection plane) z, = d

{x, 2)
{xp,d} ! Ly
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Projection Normalization

Orthogonal Projection Matrix

o £ H733} (projection normalization)= 2HF= 24K 9]
2 EQ0| Slaf Zixjo| Aste EA0| G L,
ANSE AT fTAZORN, BE EES X0
FEoz HE\|F|= X YO0|Lt.

Distort - Orthggrqphlc .
(normalize) projection

o Orthogonal Erojection% #Z S 7HView volume)S
He=3 7 (Canonical view volume)2 2 O ESHCL
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Orthogonal Projection Matrix

o NYE BEBU S YRVSBUC FH0E 0|5
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Orthogonal Projection Matrix

o X EE 253 HE ZO|7t 27t £|= & 37| Het
S 2 2 2
(right —left) " (bottom —top) ’ (- far — (—near))

ro2 0 __right +left ]

O Projection matrix: | right—left right — left
2 _ top+bottom

P =ST = top —bottom top —bottom

0 0 _ 2 _ far+near

far —near far —near
.0 0 0 1 |

O General case: P = M 4, ST

o Ortho = ST
_ 2 0 0 ol1 00 - (right + left)
right — left 2
B 2 olo 1 0 - (top + bottorn)
= top — bottom 2
0 0 ~ 2 olo o 1 - (~far — near)
far — near 2
L 0 0 0 10 0 0O 1
2 0 0 _right + left ]
right — left right — left
2 _ top + bottom
= top — bottom top — bottom
0 0 3 2 _far + near
far — near far — near
L 0 0

Oblique Projection Matrix
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Oblique Projection Matrix

O xy shear (zvalues unchanged)

1 0 —cot6 O

HO¢) = |0 1 —cote O f
00 1 0 & 4»
00 0 1 X

O Projection matrix: P = M, H(6,0)

tan @ =

o General case: P = Morthc,@ H(6,d)
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X, =X—-2zcotld *

z . :
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Perspective Projection Matrix
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Perspective Projection Matrix

O Perspective projection2 2t% 3 ZtH(View volume)=
M&=37E (Canonical view volume)2 2 O &L},
[, ] =>[-1, 1], [b, t] => [-1, 1], [-n, -f] => [-1, 1]
n, f] => [1, -1]

-1,1,1)

(1,-1,-1})

JEEIEL IR
Perspective Projection Matrix Perspective Projection Matrix
o B Yot (Perspective normalization) o A2 1%} (Perspective normalization)y& HZ5 22
- , AuEgoz Hit= 0|0}
D|s’§orted object S =Rl 2 - 1 EUEACONO| LH AREY W
e o projects correctly L o 0 O
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/ \ w0
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X =tz2>+7 New clipping AlOFE 902 1Y
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Perspective Projection Matrix

Perspective Projection Matrix

o NdZ:
N= 10 1
0 0
0 0

O p'=Np:
X'=X, y'=vVY, 2

'=az+ f, W=-2

o |2 L (Perspective division)dt &, p'->p":

ox=+z0[&H x" =41
oy=+2zOH y" =+1

—f
o Far plane z = -farO|H, g

far

1

. al-near)+pB
near

Near plane z = -nearO|™, - -1

o0z ->+1 08T o2t BE MH: (-near, -1) & (-far, 1)

far + near al~far) + B = far & el-near) + p = —near

- B =—-near + anear

far - near
o far near al~far) + (-near + anear) = far
ﬂ = — alnear - far) = near + far
far - near _near+far _ far+near
" near—far  far—near

OpenGL Perspective Projection

OpenGL Perspective Projection

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

7 s

7 s N

o Shear H(cotd,cotg) = H right + left top + bottom
' —2near ' -2near
o Then, - right — left - top — bottom 7= —near.z — —far
- 2near - 2near
O Scale, gl _—2near —2near
right — left " top — bottom’
o Then,
X=%z,y=1=z
o Normalize [1 0 0 O] - _lar + near
N=101 0 0 far — near
00 o B 5= 2far near
0 0 {0 far — near




OpenGL Perspective Projection Matrix

O Frustum= NSH
Frustum = NSH

c _9 ;
o 0 ' near 0 0ol o (right + left)
right — left —2near
0 1 0 —2near (top + bottom)
= far + near 2far near 0 —_— oo 1 =L ———
00 - - top — bottom —2near
far — near far — near 0 0 1 0/0 0 1
0 0 -
- 0 0 0 10 O 0
2near right + left 0
right — left right — left
2near top + bottom
= top — bottom top — bottom
0 0 _far +near _ 2far near
far — near far —near
L 0 0 -1

Computer Viewing

-

o AFHOAMe #=52 Chaat 20| L EIC
= 7O 2te| X[t BiaFS TOHELE.
Model-view transformation matrix

. EQHZEES M3t !
Projection transformation matrix I }Iigped out
= 22|¥ (Clipping) $HCt. / il |
View volume /.__..,
0 OpenGLOIA| 7| 7}jats .':// ~
s ZHH T QAo YMo| £0|1 : -~ Prejection plane 7=

s 750 WS BT

Positioning the Camera Frame

o BE-2= HBSHE (model-view transformation matrix)
b} EH
[ —|

o 2= HFEF(VRP), BXT EH(VPN), 25
S E(VUP)E 0|80t Zh=-tek W& (view-

orientation matrix) &'
o Look-at &

Positioning the Camera Frame

0 OpenGLO|A ZHH| 2t X X|7E 2
= 7tHEtE HELZRH F2 0|5A|7|= W
w L= SHE 7IH2te] 22 0|FA|7|= WS A&t
World = glm:translate(glm::mat4(1.0f), glm:vec3(0.0, 0.9, -d)

World frame = Camera frame Moving the camera frame
after translation by -d, d > 0




Positioning the Camera

o ALE 3| (rotation)dt O|& (translation)2 2 7|2}
-,-|X|E X8 = ALt

o OfA: x= LM Hi2tE = 2=
= R=7IHZIE yHE SHRE 2|H
» T=7H2tE JENM M 222 0|5
= Model-view matrix C = TR
World = glm::translate(glm::mat4(1.0f), glm:vec3(0.G, 0.0, -d))
* glm:zrotate(glm::mat4(1.0f), -90, gim:vecX0, 1, 0));

era Frame
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A (View reference point, VRP)

M (View plane normal, VPN) n = PRP - VRP
#IEH (View-up vector, VUP)

(Side vector) u = VUP x n

(Up vector) v =nxu

ng drt=2H(normalize) n VUP
ZtHA (viewing coordinate

stem, u'-v'-n")2} VRPE ZF7}5}10] v

2t T Y (camera frame)s & VYRP
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PRP (Projection
Reference Pomt)

Camera Frame

o View-orientation matrix, M

u, v, n, 0

M = u, Vv, n, 0
u, v n' 0

0 0 0 1

o Rotation matrix, M7 = MT = R
o World frameOll A 7t 2ke| @{X| X|H: V = RT

u, uy, uw, of1 0 0 -e| [u, u, U, -eeu
Vi v, v, 010 1 0 —e | |V, V, V, -—eev
" n, n, 0[0 0 1 - - n, n, n, -—een
0 0 0 1jo 0 0 1 0 0 0 1

lookAt
o glm: IookAtW& up
n=eye - t
S et et o)
v=nxu

U eye,, eyeyu, eye )




lookAt

o Eye Point: Zt0|Ete| AE (FE EEA|)
o

x
O Look-At: ZtHEt7t MCrE D QL= @K (7t 2}
o[O|x[e] S&0| &= 21X

o Up-Vector: = ZtEA M FIH 27 E= up HEH
(Ztoi 2t Ol':'lxloﬂ*‘l O{C| 2 2Fot=X[0f CHoh e E)

Eye point (c,,

R4 CZ)Up;vector 0, 1, 0)
" v Xells

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

gluLookAt

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] + ul[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[0]*v[0] + v[1]*V[1] + Vv[2]*V[2]);
if (mag) { v[0] /= mag; v[1] /= mag; v[2] /= mag; }

MIO] = 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] =v[2]; M[13] = 0.0;

M[2] = n[0]; M[6] = n[1]; M[10] = n[2]; M[14] = 0.0;

M[3] = 00; M[7] = 0.0; M[11] = 0.0; M[15] = 1.0;
glMultMatrix(M);

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

Yaw, Pitch, Roll

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

g b LY

Roll Pitch Yow

a

Elevation and Azimuth

o 222 (Azimuth) - X& 2|™ (-180 ~ 180)
o 22t (Elevation) — Y& 2™ (-90 ~ 90)
o Y2 (Twist angle) - 25 2| (-180 ~ 180)

n —_ ()=

/’V\

3%t9l IxEA Elevation

(Spherical Polar Coordinates System)

Azimuth




Reference

o #< dst
http://www.songho.ca/opengl/gl_projectionmatrix.html




