Page1 CS248 Lecture 3Copyright � Pat HanrahanIntensityIntensity curvesnStimulus/Response - PerceptionnInput/Output - GammaQuantizationn

n Non-uniform quantization

Dithering and halftoning n Random dither n Ordered dither n Clustered dither or halftone n Error diffusion

CS248 Lecture 3Copyright �

0.00.10.20.30.40.50.60.70.80.91.0Intensity

0.00.10.20.30.40.50.60.70.80.91.0

D DPIII= constant

Weber-Fechner Law Logarithmic Response

Page 2

CS248 Lecture 3Copyright � Pat HanrahanGamma

0.00.10.20.30.40.50.60.70.80.91.0Voltage

0.00.10.20.30.40.50.60.70.80.91.0

Light

LV=g

0.00.10.20.30.40.50.60.70.80.91.0Intensity

Corrected Intensity

Monitor g=2.2

Camera g =0.6

CS248 Lecture 3Copyright � Pat Hanrahan

Gamma CorrectionGoal: Operate in linear light intensity spaceVidicon (g

=0.5) to Monitor (g

=2.8) = System g =1.4

Graphics system: g =1.2 or 1.7 or 2.4

LV V

=( ) =1/g

InputOutput00...0110121...1191......251247

3255255

Page 3

CS248 Lecture 3Copyright � Pat HanrahanQuantizationDefinition: The process of turning a high precision numberinto a low precision numberWhy? n Conserve memory n Binary output devices

How? n

Uniform perceptual steps n Minimal error

CS248 Lecture 3Copyright � Pat HanrahanUniform QuantizationUniform map:Notice contouring

Input

012345678

Output

pvtruncKv

vpvK= ·£<£<( )

0 10

K=256

K=16 K=4 K=2 Page 4

CS248 Lecture 3Copyright � Pat HanrahanQuantization ErrorQuantization introduces errorTo reduce error:1. Optimal quantization (minimize error)

2. Dithering (trade-off intensity/space error)

E pvxy Kvxy

x y2 2

= - ·

� ((,) (,))

( , )

CS248 Lecture 3Copyright � Pat Hanrahan Non-uniform Quantization

Intensity

Number of Pixels

Input

012345678

Output

^ ( ) ( ) ( ^ ^ ) v v p v dv

p v dv

v v v

k vvvv

k k k

kkkk = + --� -1 112 1v kK

k :0 £<{}

E v v pvdv k vv kK kk2 1 2 1 = - -�= ( ^ ) ( )

Page 5

CS248 Lecture 3Copyright � Pat HanrahanK-Means Algorithm

1. Pick initial means

2. Compute interval

3. Quantize the input

4. Compute new means

^ v k { }v v v

k k k= +

-121(^ ^ )^ ( )( )v v p v dvp v dvk vvvvkkkk= - -� 1 1

CS248 Lecture 3Copyright � Pat Hanrahan Dithering and Halftoning

Trade spatial for intensity resolutionRandom dither; Robert�s algorithm n Ordered dither n Clustered dither or halftones n Error diffusion

Your eye will average over an area

Page 6

CS248 Lecture 3Copyright � Pat HanrahanRobert�s AlgorithmFirst add noise Then quantizeMoves low frequency (average error) to high frequency

Pink(low),

Blue (high)

, White(all) frequency noise

^ ( , ) ( ( , ) ( , )) v x y trunc K v x y noise x y noise = · + £ < 0 1

101/34/3 x → i constant image quantized to 1 quantized to 0

CS248 Lecture 3Copyright � Pat Hanrahan

NoiseNoise functionsnRandom function vs random sequence n Some noise better than others: blue, ordered n Reproducible and order independent n Fast: precompute and store in a table

for(y=0; y<ny; y++)

for(x=0; x<nx; x++)

vq[x][y] =

(v[x][y]<threshold[x%M][y%M]) ? 0 : 1;

Page 7

CS248 Lecture 3Copyright � Pat HanrahanBayer Ordered Dither Patterns

D2 0 23 1= ØºŒ øßœD D DD Dn n nn n= + ++ +ØºŒ øßœ4 0 4 24 3 4 12 22 2/ // /D4 0 8 2 1012 4 14 63 11 1 915 7 13 5= ØºŒ øßœ

CS248 Lecture 3Copyright � Pat HanrahanMagic Squares

M4 0 6 13 11

9 15 4 2

14 8 3 5

7 1 10 12

= ØºŒ øßœ

P4 15 8 5 24 3 14 910 13 0 71 6 11 12

= ØºŒ øßœ

Page 8

CS248 Lecture 3Copyright � Pat HanrahanHalftoningPrinters: Binary Blobs of ink

Clustered pattern

Enlarging spot

Classical printer screens

Spot function

Line frequency Tilt angle

Image Screen Film

CS248 Lecture 3Copyright � Pat HanrahanScreen PatternsInterplay between discrete angles and discrete spacingnGiven printer dpi implies

High spatial resolution means low intensity resolution n Angle must be ratios of integers m/n

45 works best; different angles for colors, moires

0 45 90

Page 9

CS248 Lecture 3Copyright � Pat HanrahanError DiffusionIdea: Quantize, then distribute error to neighborsfor(y=0; y<ny; y++) for(x=0; x<nx; x++){

vq[x][y] = quantize(v[x][y]);

e = v[x][y] - vq[x][y];

i[x+1][y] += 3/8*e;

i[x][y+1] += 3/8*e;

i[x+1][y+1] += 1/4*e; }

e3/8e3/8e1/4e