Page 1

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 3

Intensity

Intensity curves

Stim ulus/ Response - Perception Input/ Output - Ga m m a Qua ntiza tion

Uniform qua ntiza tion Non-uniform qua ntiza tion Dithering a nd ha lftoning

Ra ndom dither Ordered dither Clustered dither or ha lftone Error diffusion

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 3

Mea suring Light a nd Color

Physics: Ra diom etry

The a m ount of pow er per w a velength interva l Term ed ra dia nce, w e w ill often use intensity Psychophysics: Photom etry, la ter colorim etry The rela tive brightness of a light source (color or bla ck/ w hite) w hen com pa red to a sta nda rd ca ndle Term ed lum ina nce Uniform perceptua l sca le

Term ed lightness

Page 2

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 3

Perception of Intensities

Steven�s La w :

Sensa tion (S) vs. Intensity (I)

Ex perim ents

S = I_p

B= I_{1/3}

Sen se Ex pon ent

Brig ht ne ss 0 .3 3

Smell 0 .5 5

Lo udn ess 0 .6 0

Taste 0 .8 0

Le ngt h 1 .0 0

He avin ess 1 .4 5

JND = ΔI I ≈ 0.01

B= klogI

Stevens

Weber

Fechner

Page 3

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 3

Monitor Ga m m a

I = g⋅(V− V_b)^γ

Monitor γ=2.5

Tw o knobs Bla ck Level (Brightness): V_b Picture (Contra st): g

Adjustm ents 1st a djust to full bla ck Picture 0, a djust bla ck-level 2nd a djust brightness

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 3

Monitor + Perception = Linea r

Am a zing coincidence!

FB Monitor Perception =

Page 4

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 3

Coding in Perceptua l Spa ce

Rela tive brightness in intensity

ΔI 25 to 26 -> ΔB = 4%

ΔI 100 to 101 -> ΔB = 1%

ΔI 200 to 201 -> ΔB= .5%

Num ber of perceptua l levels

log 100 / log 1.01 = 463

NTSC Television

Ca mera γ=.45

NTSC

Tra nsm ission

Im a ge

Monitor γ=2.5 Im a ge

Noise

Im m unity

I B

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 3

Perceptua l vs. Intensity Spa ce

Perceptua l Spa ce

+ good distribution of va lues

m ore perceiva ble intensities a nd sa tura ted colors

+ optim a l com pression

bits used m ore effectively less sensitivity to noise

Intensity Spa ce

- ba d distribution of va lues

few er perceiva ble intensities a nd colors

+ Ea sier to com pute in

blending, dithering, a ntia lia sing, lighting, ...

Page 5

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 3

Ga m m a Correction

Goa l: Opera te in linea r intensity spa ce How : Ga m m a correction ta ble

Checkerboa rd test:

I = V^γ

V = P^{1/γ}

I = V^γ = P^{1/γ}( )^γ = P

Input Output 0 0 1 16 2 23 3 28 4 32 ... ... ... ... 251 253 252 253 253 254 254 254 255 255

Wha t�s w rong w ith this ta ble?

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 3

Qua ntiza tion

Definition: The process of turning a high precision num ber into a low precision num ber

Why?

Conserve m em ory Bina ry output devices How ?

Minim ize error (better, perceptua l error) Distribute error spa tia lly

Page 6

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 3

Uniform Qua ntiza tion

Uniform m a p:

Notice contouring

K v v v K trunc v < ≤ < ≤ + − = ) ) 0 1 0 )5.0 )1 ((

K=256 K=16 K=4 K=2

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 3

Qua ntiza tion Error

Qua ntiza tion introduces error

To reduce error:

1. Optim a l qua ntiza tion (m inim ize error)

2. Dithering (tra de-off intensity/ spa ce error) ∑ −^− =^{),(}_2

2 )),(1),((^{yx} yxv K yxv E )

Page 7

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 3

Non-uniform Qua ntiza tion

1 � )( )� (^2 1 2 1 − = − = ∑ ∫_{= −} K v v dv vp v v E k k

K k v v k k k

Histogra m of Intensities

Im a ge courtesy Don Mitchell

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 3

Lea st-Squa res Optim iza tion

)� �(21 )( )( � 1 1 1

k k k v v v v k v v v dv vp dv v vp v_k k k k + = = − ∫ ∫ − −

E^2 = (v− �v _k

v_{k− 1} v_k∫ k=1 K∑ )^2 p(v)dv

Necessa ry conditions, not a n a lgorithm

Mea ns:

Interva ls:

Lea st Squa res

1�v_2�v

0v_1v_2v_3v_4v_5v_6v_7v_8v 4�v_3�v_5�v_6�v_7�v_8�v

Page 8

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 3

K-Mea ns Algorithm

1. Pick initia l m ea ns: 1. Pick initia l m ea ns:

2. Minim um dista nce cla ssifica tion: 2. Minim um dista nce cla ssifica tion:

3. Com pute new m ea ns: 3. Com pute new m ea ns:

�v ^k )� �(21^{1 k} k k v v v + =^−

�v ^k =

vp(v)dv

v^{k−1}

v^k∫

p(v)dv

v^{k− 1}

v^k∫

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 3

Dithering a nd Ha lftoning

Tra de spa tia l for intensity resolution

Ra ndom dither; Robert�s a lgorithm

Ordered dither

Clustered dither or ha lftones

Error diffusion

Your eye w ill a vera ge over a n a rea

Page 9

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 3

Robert�s Algorithm

First a dd noise Then qua ntize

Moves low freq. (a vera ge error) to high freq.

Pink(low ), Blue (high), White(a ll) frequency noise

�v(x,y)= trunc(K × v(x,y)+noise(x,y))

0 ≤ noise <1 1

0 1/3

4/3

x → i

constant image quantized to 1

quantized to 0

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 3

Pink vs. Blue Noise

Page 10

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 3

Noise

Noise functions

Som e noise better tha n others: blue, ordered

Ra ndom function vs ra ndom sequence

Reproducible a nd order independent

Precom pute a nd store in a ta ble (fa st on the fly)

Sm a ll tiled pa tterns sufficient

 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;

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;

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 3

Ba yer Ordered Dither Pa tterns

D^2 = 0 23 1

D^n = 4D_{n /2} + 0 4D_{n /2} +2

4D^{n / 2} +3 4D^{n /2} +1

D^4 =

0 8 2 10

12 4 14 6

3 11 1 9

15 7 13 5

Page 11

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 3

Ma gic Squa res

M_4 =

0 6 13 11 9 15 4 2 14 8 3 5 7 1 10 12

P_4 =

15 8 5 2 4 3 14 9 10 13 0 7 1 6 11 12

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 3

Com pa rison

Blue Noise Ba yer or Ordered Dither

Page 12

Cla ssic Ha lftoning

Printers: Bina ry Blobs of ink

Clustered pa ttern

Enla rging spot

Cla ssica l printer screens

Spot function

Line frequency

Tilt a ngle

Line Screens

45 degrees best

Page 14

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 3

Com pa rison

Blue Noise Ba yer Dither Floyd-Steinberg