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7. 3D Viewing

7.1 Projections:

 Why is projection necessary?

(a) Perspecte pojection

Projectors

I

BI
B
Projection plane
(b) Parallel projection
I
A ; A
W Projectors
B °
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Vanishing point

* Perspectre pojections of parallel lines not

parallel to the projection plane will cosrge
to a vanishing point

Principal vanishing point

 vanishing point of a set of parallel lines that is
parallel to one of the three principal axes

Vanishing
point

Projection plane
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e.g., three orthographic projections

y Projection plane
(top view)

Projection plane
X (side view)

z Projection plane
(front view)

Isometric projection of a unit cube along the
direction (1, -1, -1).

Projection plane

y - Projector

™~

Projection plane
normal
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e.g., oblique projection

Projectionplan

Projector

/2

i a

Cavalier projection Cabinet projection
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Various planar projections:

Planar geometric

projections
Paallel Perspectie
Orthogonal oblique one-point
two-point
three-point
Top
Eront | Cgabinet
Axonometric
Side Cavilier
Other
iIsometric

Other



_78-
7.2 Mathematics of Projections
* Projections can be defined by4 matrices
* Projection plane is normal to theaxis

Perspectie projection: (not Affine, irreersible)

y (Xp,Yp;Zp)

v = X
P —z/d
(X,y,Z)

Yo = —/3
coP ~z/d
_d 7

z,=—d

z=-d
X
_r X y

[Xpaypizp11]t_[_2/d1_Z/d1_d11]t
=[x, Y, z, — Z/d]"
1l O 0 OpgnoX g X
o 1 0 oUOy O Oy O
=05 o 1 ODDZD=Mper DZD
[] = 0 =0
00 0 -1/d 00010 010
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Paallel (orthogonal) projection:

Projector

y
Xps Yp» Zp)

. (%Y, 2)

AN

X

[Xp1 yp; Zp1 1]t - [X1 y; 01 :ut

Nl

= [
10
00

o O+ O
o O O O
R, O O O
OOOOd
100 0
P N < X
OOoOOd

1

<

©

o)
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Perspectie rojection: (COP is not at the ori-
gin)

Y (Xp;yp1zp)
. = X
P 1-2z/d
I/ (X’y’Z) _ y
COP // Yp 1-2z/d
z d Zp =
Projection plane (z=0)
X
t_ X y t
[Xp1 yp1 Zp1 1] _[1_Z/d11_2/d101:u
X y
= t.|. _ t
0.0.d W+ 1755 1=7q ~ ¢ 1
1l 0 O Oppl O 0 Opgpg X[
_Jo 1 0 o0Oo 1 0 00O yd
0o o0 0 1gpo 0 -1d ogOo 10
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1l 0 O Oppl O O Oppl O O OppXxnmO
_DO 1 0 OEEO 1 0 OEEO 1 O Oggyg
Jo o0 O 1gpo O -1d oppO O 0 10010
OX 0O
Ly
= M; Moo Mc 070
=0
010
Obligue projection:
Y
y
(Xp: Ypr Zp
/ .y, 2 Xp = X — zLcotd
s . Yp =Yy — zLtoty
%~ 0O

)2! Projection plane (z=0)
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[Xp, Vo Zp, 1" =[x - z[Totd, y — z[kotg, O, '

1l O -—coté OppX[
U0 1 -cotp OULyU
"Ho 0 0 0pfzr

[] NN

00 O 0 10010

1l 0 0 Opml O -coté OppX[Q
00 1 0 0000 1 —-cotp 0D0DyD
"o 0 0 0BF0 0 1 o0°~zo
[] 00 000
00 O 0 1000 O 0) 10010

00X

DyD
= M par [Mshearing [DZD

O0-0

010
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Where ae the vanishing points?

« Parallel lines after perspeeé [ojection are
still parallel lines if thg are also parallel to
the projection plane

Why?
If L(t)=A+cd isaline

A=(A, Ay A;); c=(cyCy,Cy)

If the view point (eye) is at the origin and the
projection plane is perpendicular to thaxis at
—d, then the perspest pojection ofL(t) Is:

A, +c, t A, +c,t
Lo(t)y=(d ————, Y
-A,—-C,t -A, - C, t

(*)

If L(t) Is parallel to the projection plane, € 0)
then

—d
Lp(t):Kz(AX+cXt, Ay +cyt)

Slope ofLy(t) Is ¢, /c,
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« Parallel lines after perspeeé [ojection are
no longer parallel lines if tlyeare not parallel
to the projection plane

Why?
If L(t) iIs not parallel to the projection plane
(c, #0) then from (*) we that that

C
L) ——> -d (=, 2) when t--> oo
CZ CZ

Hence, an line with the same directionegtor
would corverge to his (vanishing) point

C C
-d _X’_y_
(CZ CZ)

Principal vanishing point : vanishing point
generated by lines parallel to one of the princi-
pal axes (at most three PVPSs).

Two-point perspecte ojection is popular
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How to find vanishing points?

A B’ Projection
VP plane

eye

z

B ——>VP when B --> o0

Construct a line parallel taB that passes thru
the viev point (eye). The intersection of this line
with the projection plane is theamishing point
of AB.
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7.3 Camera Model for Perspectie View

e How to create a perspege vew of a £ene
In OpenGL?

 How to control the camera’position and ori-
entation in OpenGL?

Conceptual model of 3D viewing:

eye coordinates _
r clip coordinates

ﬁ>|\/|v|\/|mﬁ> Mp —>| Clip —

/ _ _ \ o _ Perspectie
Modelview matrix ~ Projection matrix division

Normalized device coordinates

i Mindow (Device)

coordinates
— M vp —>

/

Viewport matrix
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Define Viewing Coordinate System:

(specification of a 3D view)
(Positioning and pointing the camera)

giMatrixMode ( GL_MODELVIEW );

glLoadldentity ();

gluLookAt ( eye.x, eye,\eye.z, look.x, look.y,
look.z, up.x, up.yup.z);

n = EYE — LOOK
u=UP xn
v=nxu
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Define the view volume:
(create a camera model)

glMatrixMode ( GL_PROJECTION );
glLoadldentity ( );
gluPerspectie ( viewAngle, aspectRatio, N, F );

far plane

near plane
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7.4 Building Viewing Matrix

View Pipeline

eye coordinates _
r clip coordinates

ﬁ>|\/|v|\/|mﬁ> Mp —>| Clip —

/ _ _ \ o _ Perspectie
Modelview matrix ~ Projection matrix division

Canonical View \Wwlume

e Parallel: x=+1, y=+1, z==%1
 Perspectte. x=z, x=-z, y=z, y=-12,

Z=-Zmnn, Z=-1



-90-
Modelview Matrix (M,, M,):

Modeling part M,,):

« embodies all the modeling transformations
for the object

Viewing part M,):

e accounts for the WC to VC transformation set
by the camera’position and orientation

[Ux Uy Uy dy [
M, = %vx vy Vv, d, g
Hx Ny N d, 5
00 0 O ]

where

(dy, dy,d;)=(-ulkeye,-vileye,—nleye)
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Projection Matrix (M ):

M, = scaling2
* tranglation
* perspective transformation
* scalingl

* shearing

Mp=Mg* M * My * Mg * Mgy
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Shearing

e shear so that the center of the windaould
coincide with (0, 0;- N)

((r+1)/2, (t+b)/2, -N)

o

<—1(0,0,-N)

(I, b)

7l 0 a 0qp ="t
y o 1 b od 2N
sh — U [l

0 0 1 0f b:t+b:O
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Scalingl

e scale so the user defined truncatedwisl-
ume would coincide with the canonical wie
volume for perspecte [rojection

#> (N/F, N/F, -N/

(W1, hy,—N) (1,1,-1)
\/ Vv
7 (w,h,-F)

u Kﬁ P \7\

Aw 0 0 0f
= F tan@/2) AR
do 1h 0 0O W= F tan@/2)

[] h=F tan@/2)

0O O 1F O
L L AR = t rati
0 0 0 0 1D aspec ratio
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Perspective Transformation:

o convert CVV for perspectie gojection to a
quasi-CVV for parallel projection

(N/F, N/F, -N/ 5>

(1,1,-1)

N

11 O 0 0 O
0 1 0 0 7

= F N
T 0o o 0
N F-N F-=-NQO
10 O -1 0
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» translate center of the quasi-CVV to the ori-

Tr anslation:
gin (0,0,0)
-1
1
Y
nl O
o 1
Mt:DO 0
0
00 O

%

o O O

1/2

12

= o O
ot
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Scaling2:

« scale z-direction by 2 to get the CVV for par
allel projection

\ £> Vv

1/2 -1/2 1

11 0 0 O
M _EO 1 0 oU
o =

DO 0O 2 OD

0o 0 0 10
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Mg * M * Myt * Mg * Mg,

p:

M

OOt

Z
O OLw

N

o O+
LL

| ©

oLl |co ©

L |20 o ©
OO d

— |LL
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Clipping in Homogeneous Coordinates:
 What doesv, do?

1 1
A B C D E
-N/F |-1 E
-1 1
A —-————— > G
M 5
B ——————— > E
M 5
C ———---— > F
M
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Why?
01 0 0 0 Oyxp O X 00 Xz O
SRS
70 o DEZE_DFZ-l_ND_D Fz+ N 0
O F-N F-NDDlD OF-NDO O-z(F-N)QO
no0 0 -1 0 [ 0 -z 0O O 1 0O
1. Fz+ N
+
If z>0 then - < -1
‘ N ZFN
2. Fz+ N
+
If z<-1 then £ < -1
-z(F - N)
3. N Fz+ N
+
If -—<z<0 then £ > 0
F —z2(F-N)
4. N Fz+ N
+
If —1<z<-— then 0>__% > -1
‘STF “2(F-N)
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Now consider the following example:

SI
QI

(0, N/RF 1) (0, N/F, -2) R
P R S Q
i —>
M ot

PI

€

M, mapsp andq both into points in region G

O 0 O O 0 O
y P_E N/F 55 =NIF 5
pF =Pt Ng=gF - Np
OF-NO OgF-N
o " 1oo 1 g
o o oo O g
y 3 NIF 3 5 NIR2F -
pt Q=5 2F + N 5= o -2F + N
O F-N 0O O2(F-N)QO
O 2 O O 1 O
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 If we dip the line sgmentrP' Q¢ against the
CVV after theperspectve dvision, snce p’
andq are both to the right of theaif clipping
plane, we would think the entire linegseent
IS outside the CVV and euld consequently
have the line discarded. Bwt's of the line is
actually inside the CV\V.

 The reason that this happens is because the
division performed for' changes the sign of
Z-component from posie  negdive.

Remedy. performclipping before performing
perspective division, i.e., clip in homoge-
neous coordinates, then perform perspecti
division.



-102-

How to clip a point in homogeneous coor
dinates?

If we usem , =Mq* M * My as theperspec-
tive transformation

01 O 0 0 [

o 0 1 0 0 1

M ot = Mg * My Mpt:DO 0 + 2N 5
N F-N F-NO

10 O -1 0

(what is the difference between, andm,?)

then a point
(X,Y,Z,W)' = M (X, Y, z, 1)}

(before thegperspectie dvision) is inside the
CVV for parallel projection if

X

<< <1
W

-1

1 —1<Y<1 —1<Z
' —W— ' —W
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If ws>o0, this means théoundary coordi-
nates(BC’s) must all be posie:

Boundary | homogeneous clip
coordinate alue plane
BC, W+ X >0 x=-1
BC, W-X>0 x=1
BC, W +Y >0 y=-1
BC; W-Y >0 y=1
BC, W+2Z>0 z=-1
BCs W-2Z>0 z=1

If w<o,then all the B&G must be ngaive:

Boundary | homogeneous clip
coordinate alue plane
BC, W+ X <0 x=-1
BC, W-X<0 x=1
BC, W +Y <0 y=-1
BC, W-Y<0 y=1
BC, W +2Z<0 z=-1
BCs W-2<0 z=1
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How to clip a line segment in homogeneous
coordinates?

Use 3D Cyrus-Beck clipper:

input: A= (A, Ay, A Ay)
B = (B, By, B;, By)
L) =A+(B-A*t

ComputeBC's for AandB

Computeoutcodes for AandB

Perform "trivial rejection” test

Perform "trivial acceptance" test
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If both tests falil, then

o for each clip plane, iA and B are on difer-
ent side of the plane, find parameter of the

Intersection point (hit point). For instance, for
X = 1 the hit points parameter is

AW_ Ax

'= (AW_ Ax) _(BW_ Bx)

 Then update related items’ values



