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Digital Halftoning

e Many image rendering technologies only have binary
output. For example, printers can either “fire a dot”
or not.

e Halftoning is a method for creating the illusion of con-
tinuous tone output with a binary device.

e Effective digital halftoning can substantially improve
the quality of rendered image at minimal cost.
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Thresholding

e Assume that the image falls in the range of 0 to 255.
e Apply a space varying threshold, T'(z, 7).
. [255 it X (4,5) > T(3,7)
b, j) = 0  otherwise
e What is X (7, 7)7
e Lightness

— Larger = lighter
— Used for display

e Absorbtance

— Larger = darker
— Used for printing
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Constant Threshold

e Assume that the image falls in the range of 0 to 255.

e The minimum squared error quantizer is a simple thresh-

old
255 if X(i,5) > T

b(i, j) = 0  otherwise
where T' = 127.

e This produces a poor quality rendering of a continuous
tone 1mage.
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The Minimum Squared Error Solution

e Threshold each pixel

— Pixel> 127 Fire ink
— Pixel< 127 do nothing

100 100
150 150
200 200
250 250
300 300
350 350

50 100 150 200 250 50 100 150 200 250



EE637 Digital Image Processing I: Purdue University VISE - April 28, 2001 )

Ordered Dither

e For a constant gray level patch, turn the pixel “on”in
a specified order.

e This creates the perception of continuous variations
of gray.

e An N x N index matrix specifies what order to use.
12
30

]2<7’7]> —

e Notice that pixels are turned on in order.
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Implementation of Ordered Dither via
Thresholding

e The index matrix can be converted to a “threshold
matrix” or “screen” using the following operation.

I(z,7) 4+ 0.5
N2
e The N x N matrix can then be “tilded” over the

image using periodic replication.

T(imodN, j modN)

T(i, j) = 255

e The ordered dither algorithm is then applied via thresh-
olding.

i, ) = 255 if X (i,5) > T(imodN, j modN)
“JJT10 otherwise
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Clustered Dot Screens

e Definition: If the consective thresholds are located in
spatial proximity, then this is called a “clustered dot
screen.

e Eixample for 8 X 8 matrix:

63|5814913738|50|59 |64
D748 13612223139|51 |60
4735|211 111212414052

3412011014 1151325
3311919 13121614126
4613218 8 | 7 |15|27]41

564513111716 |28]42]53
62155(44|30129 43|54 61
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8 x 8 Clustered Dot
Screening

Example

Cluster Dot Screen of Size 8

ANk FFFF AN FA s P FE s AEEFFENEE NN
EFFENEEaARNERNAEEERARRNERRE YL L AN DA AN

100 150 200 250

50

8x8 Cluster Dot

e Only supports 65 gray levels.
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16 x 16 Clustered Dot

Example

Screening

Cluster Dot Screen of Size 16

PEEENTNUNEREAR=EAENENEEEE
meswri  EERNENREARYEEREEENN
mempaMERNEREREFc Y EEEEEDEN
ANRNVARENARERTFIREREFRNEN
eNREREREEFRaTaENRE AN EEND
epENREERAENNNEERENEEEE NN
BEENEEEEEEAE RSN A" ERER
ENEEREEREEENENNRNE XN ANEN
A O O O RN
rRENDEEEREETEENERENNENEN
mEENEESEEENEEEEEEEEEREREN
= ENENNEEREEEEEEREEENEREE
aesEERANNEEERREERRNEREEENEN
mEENTNEEEEEEES FREREREN
meene AEEERERERE NaNERER
aaarFFIEIENEEENARENRANERRER

Tol o Yol Yol
— N ™ ™

— N

100 150 200 250

50

16x16 Cluster Dot

16

14

12

10

12
14+
16

e Support a full 257 gray levels, but has half the reso-

lution.
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Properties of Clustered Dot Screens

e Requires a trade-off between number of gray levels
and resolution.

e Relatively visible texture

e Relatively poor detail rendition

e Uniform texture across entire gray scale.
e Robust performance with non-ideal output devices

— Non-additive spot overlap
— Spot-to-spot variability

— Noise
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Dispersed Dot Screens

e Bayer’s optimum index Matrix (1973) can be defined

recursively.
. 1 2
]2<7’7]) — {3 O]
Tni ) = dx I(i,7)+ 1 4 1,(i,5) + 2
WO I =N A (i, ) + 3 Ax L(i, §)

e Yields finer amplitude quantization over larger area.

e Retains good detail rendition within smaller area.
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Example: 8 x 8 Bayer Dot Screening

Bayer Screen of Size 8

50
100

8x8 Bayer Dot 150

200

250

300

350

1 2 3 4 5 6 7 8 50 100 150 200 250

e Again, only 65 gray levels.
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Example: 16 x 16 Bayer Dot Screening

Bayer Screen of Size 8

50
100

8x8 Bayer Dot 150

200

250

300

350

1 2 3 4 5 6 7 8 50 100 150 200 250

e Doesn’t look much different than the 8 x 8 case.

e No trade-off between resolution and number of gray
levels.
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Example: 128 x 128 Void and Cluster

Screen (1989)

Void and Cluster Dot 150
20 200

250

60

300

80

100

350

120

20 40 66 80 100 120 50 100 150 200

e Substantially improved quality over Bayer screen.

250

14
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Properties of Dispersed Dot Screens

e Elliminate the trade-off between number of gray levels
and resolution.

e Within any region containing K dots, the K thresh-
olds should be distributed as uniformly as possible.

e Textures used to represent individual gray levels have
low visibility.

e Improved detail rendition.

e Transitions between textures corresponding to differ-
ent gray levels may be more visible.

e Not robust to non-ideal output devices

— Requires stable formation of isolated single dots.
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Error Diffusion

e (Quantize each pixel using a neighborhood operation,
rather than a simple pointwise operation.

e Frror diffusion (ED) moves through image in raster
order, quantizing the result, and “pushing” the error
forward.

f(i.)) f(1.)

> Q

b(1.})

e(l,)
e [Lquations are

. [255 i fli ) > T

i, j) = 0 otherwise

6(@,]) — f(Zu?) T b<7’7])

f00.3) = JG.g) + 2 bk Deli = k. j =1



EE637 Digital Image Processing I: Purdue University VISE - April 28, 2001 17

Floyd Steinberg Error Diffusion
(1976)

e Process pixels in neighborhoods by “diffusing error”
and quantizing.
Original Image
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Error Image in Floyd Steinberg Error
Diffusion

e Process pixels in neighborhoods by “diffusing error”
and quantizing.
Original Image Error Image from Error Diffusion
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