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Overview

» Cohen-Sutherland Line Clipping
» Parametric Line Clipping

+ 2D Affine transformations

* Homogeneous coordinates

+ Discussion of homework #1

Lecture Credits: Most pictures are from Foley/VanDam;
Additional and extensive thanks also goes to those
credited on individual slides
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Scissoring Clipping
Performed during scan conversion of the
line (circle, polygon)
Compute the next point (x,y)
If Xpin <X <Xpox @NA Vi S <Yimax
Then output the point.
Else do nothing
* Issues with scissoring:
— Too slow
— Does more work then necessary
- Better to clip lines to window, than “draw”
lines that are outside of window
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The Cohen-Sutherland Line
Clipping Algorithm

» How to clip lines to fit in
windows? D

— easy to tell if whole line C
falls w/in window % B

— harder to tell what part ¢, |
falls inside rectangle
: F

» Consider a straight line
By = (x¢,Yp) and P, = (x1,y;)
+ And window: WT', WB, WL and WR
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PicsiMath courtesy of Dave Mount @ UMD-CP.

Cohen-Sutherland

Basic Idea:
* First, do easy test 2

— completely inside or \

C
outside the box? NG
* If no, we need a Clip__—|

rectangle

more complex test 7
* Note: we will also |
need to figure out
how line intersects
the box 5

Pics/Math courtesy of Dave Mount @ UMD-CP

Cohen-Sutherland

Perform trivial accept and reject
» Assign each end point a location code

» Perform bitwise logical operations on a
line’ s location codes

» Accept or reject based on result

» Frequently provides no information
— Then perform more complex line intersection
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Cohen-Sutherland

+ The Easy Test: 1001 1000 | 1010

» Compute 4-bit code Mwi T wr
N indow
based on endpoints
0001 | 0000 0010
P;and P;
——————— R /]
0101} 0100 | 0110
Bit 1: 1 if point is above window, i.e. y > WT. WL WR

Bit 2: 1 if point is below window, i.e. y < WB.
Bit 3: 1 if point is right of window, i.e. x > WR.
Bit 4: 1 if point is left of window, i.e. x < WL.
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Pics/Math courtesy of Dave Mount @ UMD-CP

Cohen-Sutherland

* Line is completely
visible iff both code
values of endpoints

* If line segments are
completely outside
the window, then

are 0,i.e. G(ovVC; =0 CO/\Cl;éO
1001 1000 1010
wr
Window
0001 0000 0010 [ H J
wB
0101 0100 0110
WL WR rcehctanglc
et oy b e D5
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Cohen-Sutherland
+ Clearly: x. = WL e
. . . 1yl
« Using similar triangles e
yl-y0
Ye — yo WL — 'x() (xC,yCh R
= Jey0
Y1I7Yo K1 7%0 4%
 Solving for y. gives Vit
- xI=x0
~ WL—x, (1 —yo) +
Ye =—"W1 = Yo) ™Yo
X; —X
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Pics/Math courtesy of Dave Mount @ UMD-CP
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Cohen-Sutherland
OtherWise' 1001 1000 1010
we clip the lines: - WT
« We know that there Window
. L 0001 0000 0010
is a bit flip, w.o.l.g. v
assume its (xo,x1) 0101 0100 0110
* Which bit? Try “em all! WL WR
— suppose it’ s bit 4
— Then xo < WL and we know that x;= WL
— We need to find the point: (x.,y.)
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Cohen-Sutherland
’ * Replace
D (x0,y0) With (x¢,y.)
* Re-compute codes
B + Continue until all bit
[ C pH flips (clip lines) are
A processed, i.e. all
points are inside the
G' clip window
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Cohen Sutherland

b 1001 . 1000 | 1010
7777777 ‘ -~ wr
Window

0001 /oem/ 0010

WL WR
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Cohen Sutherland

Cohen Sutherland

0001 1001 . 1000 | 1010

o010 e WT
Window /

0001 /oem/ 0010

0101 . 0100 | 0110

pos 1001 | 1000 | 1010
7777777 ‘ @ WT
Window /.
0001 0 | o010
/ ********* WB
0101 | 0100 | 0110
WL WR N
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Cohen Sutherland
oo 1001 1000 | 1010
77777777 ‘ e WT
Window
0001 0 | o010
o] Lomeioeees WB
0101 | 0100 | 0110
WL WR N
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Parametric Line Clipping

» Developed by Cyrus and Beck in 1978

+ Used to clip 2D/3D lines against convex
polygon/polyhedron

+ Liang and Barsky (1984) algorithm efficient
in clipping upright 2D/3D clipping regions

» Cyrus-Beck may be reduced to more
efficient Liang-Barsky case

» Based on parametric form of a line
— Line: P(t) = Py +(P4-Py)
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WL WR y
14
Cohen Sutherland
0000 | |
1001 | 1000 | 1010
0000 ‘ ‘ wr
0101 . 0100 | 0110
WL WR B
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Parametric Line Equation

P,
0 P,

* Line: P(t) = Py +t(P4-Py)

» tvalue defines a point on the line going
through Pgand P4

» 0 <=t <= 1 defines line segment

between Pyand P4

P(0) = Py P(1) = P4
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The Cyrus-Beck Technique

» Cohen-Sutherland algorithm computes (x,y)
intersections of the line and clipping edge

+ Cyrus-Beck finds a value of parameter t for
intersections of the line and clipping edges

+ Simple comparisons used to find actual intersection
points

+ Liang-Barsky optimizes it by examining t values as
they are generated to reject some line segments
immediately
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Calculating N;

N; for window edges
« WT:(0,1) WB: (0,-1) WL: (-1,0) WR: (1,0)

N; for arbitrary edges

+ Calculate edge direction
= E=(V1-Vo)/|Vi-V
— Be sure to process edges in CCW order
* Rotate direction vector -90°
Ny = Ey
Ny = -E,
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2D Transformations

23

Finding the Intersection Points

Line P(t) = Py +t(P+-Py)
Point on the edge P.;
N; 2 Normal to edge i

Outside of clip region | Inside of clip rectangle
N, * [P()-F,] =0 cage &
N, * [Fy +1(R-Fy)-Py] =0 L,
N,*[P-P, ]+ N,*t[P-F,] =0 N, - [P) - g1 <0
LetD = (B-F) N, - [P) = P = 0

N;+ [P(t) = P,] > 0|

,_Ne[h-P]

- N;

-N,*D h

Make sure

1. D=0,0rPi=P,y
2. N;eD =0, lines are not paralle!
20
1904 FloyVanDamiFnerHuges/Phlis 105
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Finding the Line Segment

Calculate intersection points between line and every window line
Classify points as potentially entering (PE) or leaving (PL)

PE if segment crosses edge into inside half plane ==> angle between
Py P; and N; greater 90° => N;eD <0

PL otherwise.
Find T, = max(t.)
Find T, = min(t)
Discard if Te > T
fTe<0,Te=0
fT,>1,T,=1

Use T,, T,to compute intersection coordinates (xe,ye), (X, ¥)
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1994 FoleylVanDam/FinerHuges/PHilips I0G.
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2D Affine Transformations

All represented as matrix operations on vectors!
Parallel lines preserved, angles/lengths not

» Scale — )

* Rotate D D j S ‘ :|
« Translate l\ SR
 Reflect “1\/7 /—‘ L] [

° Shear Rotation T i Uniform N iform i Shearing

Scaling  Scaling

24
PicsiMath courtesy of Dave Mount @ UMD-CP.
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+ Example 1: rotation

2D Affine Transformations

®

and non uniform D
scale on unit cube

Scale in x,
notin y

* Rigid motion of ¥

2D Transforms: Translation

<

points to new

locations
Example 2: shear =z +dy ao e @ 1)Q (10,1)
firstin X, then in Yy y/ =y+ dy Before translation After translation

=2 &

The unit cube sheared i The unit cube sheared

Note: no xdirocton e ydrecien
— Preserves parallels
— Does not preserve

lengths and angles 2

1994 FoleyVanDarmFinesHuges Phillips ICG

« Defined with column ,
HMEHEH
Y

vectors: / y dy

as PP=P+T
26
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2D Transforms: Scale 2D Transforms: Rotation
« Stretching of points » Rotation of points
along axes: { { about the origin !z
,’17/:81'1' 2 =1x-cos—y-sinf “o78)
;L e ite @3 . y =x-sin0+y-cos o
Yy =5yY =Y = Positive Angle: CCW ©.2) ©.2) @149
Before scaling After scaling x Negative Angle: CW > x > x
Before rotation After rotation
! 3.z 0 s .
In matrix form:{ z } = { 50’ } . { N } Matrix form: [ 7 } { cos @ —sin 0 } [ z ]
Yy Sy Yy =10 .
y sin @ cos 0 y
: . /_ Q.
orjust Pi=S5-FP oo e orjust P' = R- P .
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2D Transforms: Rotation

y
A

« Substitute the

Homogeneous Coordinates

» Observe: translation P'=P+T P

I o eduations Pee ) is treated differenty P’ =s.p *

into the 2" two : /

to get the general . _— from _scallng and P =R-P
equation rotation p

T=r"-c08 ¢ Yy . Homogeneous - Y .x
=r-sin¢ X »x coordinates: 4 ,

y=r-sn rcos(0 +¢)  rcos(¢) allows all ld W= 1plane

. Y
transformations to be Example: A 2D point ) s the Ine
: (x,,w), where wis any real #, in
treat_ed_ as_matrlx hoJ;nogenous cgordingtes.
multiplications

2 =r-cos (0+¢)=r-cos¢-cos @ —r-sin¢-sinf
y=r-sin(@+¢)=r-cos¢-sinf+r-sin¢-cosb

- v
x'=xcos(0) - ysin(0) Ip %et thbe poi?t, homo)genize by

B 2 ividing by w (i.e. w=1, 30
y'= xsin(6) + ycos(0) {54 Pl Pl 0

1994 FoleyVanDarmFinesHuges Phillips ICG
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Recall our
Affine Transformations

Rotation Translation Uniform Nonuniform Reflection Shearing
Scaling Scaling
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Pics/Math courtesy of Dave Mount @ UMD-CP.
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Translation
1 0 d,Jrx
1 1
x =x+d,
y, =y+d,
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Composition of 2D Transforms

+ Scale object around point P1
— P1 to origin
— Scale
— Translate back to P1

— Compose into 7’ T(z1,31) - S(Sa, Sy) - T(—21, 1)

10 = Sz 0 0
01 ;|0 80
00 1 0 01
(1

1

Se 0 z1
—7.p - rEd
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Matrix Representation of
2D Affine Transformations

* Translation: [ =’ [1 0 d x ]
Y 01 dy|-|w
|1 00 1 1]
[ o [s. 0 0 x|
* Scale: y[=]0 s 0] |y
L1 Lo 01 1|
. T cos —sinf 0 T
* Rotation: y | =|sin® cosf 0] |y
! 0 0 1 1
. . 1ao0 ion: F=[100
Shear: sg,=|0 1o Reflection: F, 010
00 1 00 1
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Composition of 2D Transforms
* Rotate about a point P17
— Translate P17 to origin T(:L-17 y1) . R(g) . T(_g;ly —y1)
— Rotate
- Translate back to P1 _ o) " Z’;z (;’”99 8 h 0 o
00 1 0 0 1 00 1
cos§ —sin 8 z1(1—cos 8) +yisin 6
P T - [me 0 (1 {‘asﬁ)f"s’mS]
1
‘ % Sy ‘ "
Original house After translation After rotation After translation X
of P, to origin to original P,
1994 Foley/VanDanFiner/Huges/Phillips ICG
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Composition of 2D Transforms

» Scale + rotate object

’
around point P71 and P =T«P
move to P2
— P1to origin
- Scale T(x2,y2) - R(0) - S(sz,8y) - T(—x1, —y1)
— Rotate

— Translate to P2

‘Q$<£1P@

Original Translate P, Scale Rotate Translate to
house to origin final position P,
36
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Composition of 2D Transforms

» Be sure to multiple transformations in
proper order!

P’ = (T{R«Sx (T« P))))
P’ = ((T«(R+(S +T)))+ P)
P =Tx«P

Programming assignment 1

Implement Simplified Postscript reader
Implement 2D transformations
Implement Cohen-Sutherland clipping
— Generalize edge intersection formula
Generalize DDA or Bresenham
algorithm

Implement PBM image writer
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HW1 Steps

* Read in line segments from file
* Apply transformations
+ Clip against world window

» Translate lines into screen/image
coordinates

» Draw clipped lines into software frame
buffer

» Output frame buffer pixels to standard
out either in PBM format %
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