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Viewing
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Parallel Viewing
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Orthographic Projection

o 21 &9F (Orthographic Projection)j M= £ &M
(Projector)2 E M (Projection plane)0f %= |O||:f,

Multiview Orthographic Projection

o CFE 2= X0 EY (Multiview Orthographic
Projection) O M= O3 7Q] EgHE = =0, Z
Zi |2 =™ (principal face) & LI WE S|},
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Isometric (not multiview
orthographic view)
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Axonometric Projections

Construction of an Axonometric
Projection

o =& 2= (Axonometric view)0]| A
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Perspective Projection 1-,2-,3-Point Perspective

o @A, O|™, MA™ EA| (one, two, three point

o |2 (EA|) 2= (Perspective Projection)2 ZiX{| 7}
LEXNE2EEH HE| HOH =5 37|7t FAELC perspectives) ZHE0| X}0|= K| M|7FK| = Hiet
Al 7t2 0 HOorLh 2 gefo] EEHo| Hash 7tof ALt

o £EEME EHS A (Center Of Prolection)gi Dolct
_

o M EAIQ AL A JHO| T diEko| HEst B E
247 (vanishing point)0flAf ZHCt
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Xl M
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RAT(FAD) 5

o
=0|2{et 27| Bst=
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[e] A Of

|
ZOIM A=7H0f 2|ESH| WE0, 20l 582 & =+ 8iCh

A7|7b =4 (diminution) | = £ 2 7TICH
AHA B L B&9| B (realistic view)2 XA BHC}.

Orthographic Projection Perspective Projection

o Xy EH (Orthographic projection)2 2l HA| o |25 Y (Perspective projection)2 EFXN| (frustum,
(rectilinear box)Q| =3 7ts 3tHO| EFSHC}. Le, truncated pyramid) #5572 3HO| E GG
o 7t 2K6= 3A LHEtLED, Ee| e AXe B A

o el 3717t AH2|of Wt #HEEX| E=Ct
LtEFhEY.
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OpenGL Orthographic Projection

o glOrtho(left, right, bottom, top, near, far)

= O] &4:0| Oj7f ¥4 glFrustum| O§7) B0t SABtCt
- B=z7te N2 o|C.

y [right, top, —far)

= —far

~View volume

£ =—near

x
(left, bottom, —near)

OpenGL Perspective Projection

O OpenGLOJA] EAE
7t %J’é.*(origm)oﬂ o|X|stn Qo 7=
o glFrustum(left, right, bottom, top, near, far)

A (perspective prOJectlon = 9HJ1| 2t
latE 1 Qict

I SOl HE|= Y4=0[0{0F 5t0{, COPO|A HH7}IX| 2|
ez SFE
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OpenGL Perspective Projection

o gluPerspective(fovy, aspect, near, far)
m fovy — Y-= dISEO| A Q| A|OF (field of view) ZHE

® aspect — —',E—%"; MOl (L{H|E &=0|Z Lt=) 2 H| (aspect ratio)
® near - ¥EZ S|EH
| ]

far - 5% 2|L 0

Orthographic Projection

glMatrixMode(GL_PROJECTION); A
glLoadldentity();

gluPerspective(45, 1.333, 0.1, 100);
glMatrixMode(GL_MODELVIEW);

far Ccop
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x

near
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o 2 EH (Orthographic projection)
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Perspective Projection

o {Z/EA EH

(Perspective projection)

Perspective Projection

Perspective projection 1 0 0 0]
» EAZF A (Center of projection)2 A (Origin)
= S HH (Projection plane) z, = d X, = Ld q = M, = 0 1 0O O
Z/ ers
, y Mp 0O 0 1 O
{x, z) i y, = 1
/.[x,y z) [xp,d; :.‘ ) bod) [y.lz] P 2 /d 0 0 A 0
- T Z= P’ ! _ — — = -
I"P’ Ypr ZP] i - 24—4 Zy = d X X
z=4d M ers
Projection plane } p = y :g q-= y
z 7 Z
X y Z
X v, =2 z =d /
" z/d " 2/d ° _1_ L/d_
Perspective Projection Perspective Projection
o EY ™ (Projection plane, PP)OI E A=Al (Center of o Ed™ (Projection plane, PP)O| & Al (Center of
prOJectlon COP) 9| gtof A= 4 "OP prOJectlon COP) o] H|0 QL& 7 4
P(x, y,
7 < COP,(0,0,0)
) COP (0,0,0) ,
- - X, y)
E;é X'_L o 0 0 X" X |:_L _1 0 0 0_
d z z/d o1 0 o0 4z z/d
M= d z
' M=/0 1 0 0
y_Jy =L 00 1 0 | y
= y _l—l y' -7
d z z/d 1 d_ 7 z/d 0O O 1 0
" d , 00 Yo
= Z'=d L . 7'=—d 7'=—d _O 0 —1/d 0_




Perspective Projection

Projection Normalization

o EY ™ (Projection plane, PP)0O| z = 00| 1, EHS A o EY9 "3t (projection normalization)= {5 & 24X Q|
(Center of projection, COP)0| z = -d0f| )= 8% Au £2HO| e Mo o= FEO| | EE,
p HHSS AH HBAYORM, BE E&S Fa
FZoz Heh\|7|= A YOIt
PI
Z — INCOP (0,0,-d) i ?
X' X g X 10 0]
q (z+d)/d
d' z+d y M = 0 1 0 % //
iTra waoa |00 000
Z+ Distort Orthographic
7'=0 7'=0 0 0 1/d 1] (normalize) projection
Orthogonal Projection Matrix Orthogonal Projection Matrix
o Orthogonal projection2 2= S Zk(View volume)= o XHE 2=Z7t0 SAS HpnEZ7tol Aoz 0|5
M=z 7t (Canonical view volume)2 2 Of & SHC} T[—(Ieft+right) — (top + bottom) —(—far—near))
2 ’ 2 ’ 2
XN -> UK apxET = s
SR o XIHE BEI7e| W Yo7t 27t 528 37| ek

(right, top, —far)
(1,1,-1)

—

(left, borr;m, —near) (=1 ,:1 )

s 2 2 2
(right —left) " (bottom —top) ’ (- far — (—near))

2 0 0 _right + left |
O Projection matrix: | right —left right —left
o .2,  _top+bottom
P=ST-= top —bottom top —bottom
2 far +near
0 0 -
far —near far —near
0 0 0 1

O General case: P = M_,,ST




Oblique Projection Matrix
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sk
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Projection plane

Dop

. , =1 side view
top view y -y .
yA tan ¢ = 5
tane = {0, YPJ ¢ y_ y
X—X’J / p
ra— Y, =Yy—zcotg

X, =X—2zcotd =

Oblique Projection Matrix

O xy shear (zvalues unchanged)

1 0 —coth O
H(0,9) = 0 I —cote O X

00 1 0 .I'—J%Z"
00 0 1 X

O Projection matrix: P = M_4,, H(0,0) v/ /

o General case: P = MorthO@ H(6,9)

Perspective Projection Matrix

—Projection plane at z = -1

COP = -
/ HEH -> HSHA|

QIOEN > XINEY

=L"T O = o
$MOZ BO|H SYME0| BHHY - A2ZYY

Perspective Projection Matrix

o A2 83} (Perspective normalization)

Distorted object
z=x - projects correctly

. s -

\\// e A

Z = -near

COP z=-1
X =tz >+1 New clipping
y=4zD+] volume

z = near/far 2> +1




Perspective Projection Matrix

Perspective Projection Matrix

o 22 E3} (Perspective normalization)= {25 S ONEZ o o0 o
YEFOR HPL T ..
- SQRPPIO| 7 - -1, FFH(COPOl AYY UREY W, M o100
1 0 0 O] 0 0 o P
01 0 O 0 0 -10
Mpers = L a
0 0 1 O o p'=Np:
10 0 -1 0] X'=X, Y=Y, Z'=az+ f, W=-12
 WEZUO| ZHO| FEHUS ASEE NXBIEE TFOR N L
A|or§ 90|5§ :l.?lg_ro - et 1 o 22 Lt (Perspective division)gt 2, p'->p™
X =+7 :>X”__£’ y":_l, Z,,:(Z2+ﬂ
y = +7 Z yA A

Perspective Projection Matrix OpenGL Perspective Projection

ox=+xzO|H x"==x1
Oy=+z0[® y =+1 , -

o Far plane z = z,,,, O| ™, 1 P + P = —noar 10
-7 l.' “[right, top, —near)

o glFrustum(left, right, bottom, top, near, far)

(left, bottom, —near)

Near plane z = z.,;, O|H,

Zﬂ= azmin +ﬂ cop X
_Zmin
0z ->+10ESEE alf BE ME: (- Zyiy 1) & (- Zaw 1) & N

o =— Z max + Z min k / Shear ; /Scale J N

z max Z i
B - _ 21z max z min X X

X
Z - Z




OpenGL Perspective Projection

OpenGL Perspective Projection

o Shear H(cot#,cotg)=H (cotl (w], cot™ [tOp-"bOttom]]

—2far -2 far
o Then,x = i—rlght—left’ :i—top—bottom ,Z=-near,z=—far
—2far —2far
O Scale (" —2near ~2near
right — left " top — bottom’
o Then,
X=%7,y=%z
o Normalize [1 0 0 O] far + near
o= ———
N = 0 0 far —near

2 far near

0
0

B JE—
0 -1 0] far —near

=l
=]
=

P = NSH=| —2near 0 right + left
right —left right —left
—2near top + bottom

top—bottom top—bottom
far+near 2 farnear

0

0 0 -
far—near far —near
0 0 -1 0

Computer Viewing

Positioning the Camera Frame

FHOIA 2 #=2 Ch3at 20| S =Lt
u 9HHIEP°I fIX|eF Hak2 FO
Model-view transformation matrix

« EQHIBLS X a3iC} i
Projection transformation matrix I }Iipped out
= 22/% (Clipping) $Itt 7ANAA
View volume ' .j ...... il
o OpenGLO|A X£7| 7t0|2t= ‘7 /o
« 28 Z2go] 2O H0|m, : o 220
= 250 S4WBS B
= Mooz 47¥E0f Y,
= AYE T2z o 2 ol Zo|7F 29 UM E & 25
sts 7HEich
= 7= FYHE2 z=00 HO|1, EFL2 251} LIEHSHCE

o DE-2= HosH 3 (model-view transformation matrix)
H} EH
od

o 2= EXF(VRP), #EH HM(VPN), 2=
oe PEHS-ek AE (view-

AotHlE (VUP)E O| 23!
orientation matrix) gt
O Look-at &%=




Positioning the Camera Frame

Positioning the Camera

O OpenGLOj|A ZtOf 2} @|X| X[ 2|
 FtHEIE RECERH FE 0|5AI7|= &Y
n = SN E 7tH2te] FoE O|SA|I7|= YHE AFESICH
glTranslatef(0.0, 0.0, -d) i

o<
=

Ye¥e

z

ey ) e, X, B __'}——xc
z, z, j &\\\ z / \‘\
4

A\

/\

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

o A= 3| (rotation)} O| = (translation)@ 2 7| 2}
IXE A& = ULCL
O O X: x= 2 HO|AM HigtE = 2=
= R=7IHZIE yE2 SH2E 2T y
= T=7tH2tE |IFM H X2 0|5
= Model-view matrix C = TR

glMatrixMode(GL_MODELVIEW);
glLoadIdentity();
glTranslatef(0.0, 0.0, -d);
glRotatef(-90.0, 0.0, 1.0, 0.0);

era Frame

0
Q
3

Camera Frame

eSS
HM (View plane normal, VPN) n = PRP - VRP
SHH E| (View-up vector, VUP)

z

Hl | (Side vector) u = VUP x n
HlE| (Up vector) v = nx u
M3t (normalize)

Al (viewing coordinate
'-v'-n")Qt VRPE = 7}8}0] v
&2 (camera frame)S & NRP

00 T % % JI%
0
0

n VUP

I O O I Y Y
<
5
M|

S s o R

stem,

[p
v
[ < H

=
i

<

u PRP (Projection v
Reference Point)

o View-orientation matrix, M

u, Vv, n, 0

M= u, v, n, 0
u, v, n, 0

0 0 0 1

o Rotation matrix, M1 = MT = R
o World frameOf| A Z}0|2}2] {|X| X|™: V = RT

u, u, u, o1 0 0 -e| [u, u, u, -eel
Vi Vv, 00 10 e v, VY, —ee
n, n, n, 0}0 0 1 =-e| (0, n, n, -—een
0 0 0 1fo 0 0 1 0 0 0 1




gluLookAt

gluLookAt

t

- Z
(eye,, eyeyt“,I eye )

O £ye Point: ZtH|2to| |H (EE XtHA|)

O Look-At: FHHEt7t Mt QU= 9IX| (Fhoijat
O|0[X|e| ZH0| =[= {I%])

O Up-Vector: 2= ZtEA A ZtHZ2H7F E= up BH
(ZtH[2} O|O| X|Of| A O{E|2 2FSt=X|0f CHeh BekH EY)

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[1]*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[Q];
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] = r\}[)ll*U[Z] = 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[1]; MI8] =u[2]; M[12] = 0.0; /IR
MI[1] = v[0]; M[5] = V[1]; M[9] =v[2]; MI[13] = 0.0;

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

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

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

o EHe (Yaw) - Y= 3|
S (Pitch) - X& 2|H
o 2d®™ (Roll) - 25 2|

b 4

Roll Pitch Yaw

a




Elevation and Azimuth

o (2} (Azimuth) - X&= 2|7 (-180 ~ 180)

o &2zt (Elevation) — Y= 2| (-90 ~ 90)

o JQZE (Twist angle) — Z= 3| ™ (-180 ~ 180) \
N7

n 1 —

/’V\

Elevation
3KHR TEEA

(Spherical Polar Coordinates System)

Azimuth

Reference

o 233t
http://www.songho.ca/opengl/gl_projectionmatrix.html




