Dithering and Halftoning

Trade spatial for intensity resoclution
Random dither; Robert’s algorithm
Ordered dither

Clustered dither or halftones

o
B
=
m Error diffusion

Your eye will average over an area
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Robert's Algorithm

First add neise P(x,v) = trurc(K X v(x,v) + noise(x,v))
Then quantize 0 < roise <1

Moves low frequency (average error) to high frequency
Pink{low), Biue fhigh), White(all) freqquency ncise
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Bayer Ordered Dither Patterns
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Classic Halftoning

Printers: Binary Blobs of ink
Clustered pattern

Enlarging spot

Classical printer screens
Spot function

Line frequency
Tilt angle
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Error Diffusion

ldea: Quantize, then distribute error to neighbors

for(y=0; ¥<ny; ¥++)
for{x=0; X<nx; X++) {

vg[x] [¥] = quantize(v[x]([¥]):

e 3/8e
e = vx]lyl - vglxl(¥]l; |

i[x+1]1[¥] += 3}8*e; 3/8e | 1/4e
i[x] [y+1] += 3}8%e;
1x+1] [y+1] += 1rd*e;
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Comparison

Blue Noise Bayer Dither Floyd-Steinberg
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CBET u UBET

* dusuka nBera
* Bocpusarue npera

e |[BETOBBIC CHCTEMBI
RGB
CMY
HSI
YIQ (YUV)
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Spectrum

*
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PacnpocTrpaHeHue cBeTa

YL
surfacy vivessdt

puinl source of
illumination

surface
mormad

« radisee CAMERA

irradinnce

/
-

optical axis

sensor element
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BocnpusaTHue LiBeTa

Human Color Vision

B There are 3 light sensitive pigments in your cones
(L.M,S), each with a different spectral response curve

L=| LA)EA)dA g
M= | M(AER)dA E
5= :'5(2,)5(2,)031 2
;z 400 560‘ 500 700
Wavelength

B Metamerism
B Biclogical basis of color blindness - genetic disease
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RGB (Color Cube)

Blue = (0,0, 1) Cyan=(0, 1, 1)

|
|
Magenta = (1, 0, 1/ L

~ White = (1, 1, 1)

+——4Green=(0, 1,0)
Black = (0, 0, O)-”‘/?'
'
&
Red=(1,0,0) Yellow = (1, 1, 0)
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Color Cube

RGB
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HSI: Hue--Saturation--Intensity

Green Yellow Green
88—
\ yellow

Red

Cyan White cyan

3
’
4
’
L
/ magenta

Blue

Blue Magenta
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HSI: Hue--Saturation--Intensity

Intuitive Color Spaces

Tints
Green Yellow White Color
Saturated -»
Cyang Red Tones
Grays Shades

Blue Magenta

Black

Hexagon is a diagonal Cross-Section of the Color Cube
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HSI: Hue--Saturation--Intensity

Hue Saturation
0 1
1 Hue: | 65°
: Saturation: | 1.00
180 o Value
0 Value: | .50
Color Sample:
0
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