CHAPTER III
EXPERIMENTAL

3.1 Hybrid Halftone Algorithm

Hybrid Halftone Algorithm applied in generating mixing screen composes of

three vital concepts that have different functions in processing image. Area Selection

algorithm plays the important ole in the suitable area of image with the
effective screen technique, \M scree reen. After choosing the screen

techniques, the proc ' 5 ﬁim FM screen; therefore, the
second major is A caalgotithm| " nerating AM screen, and the
final one is FM Sefecn _:. athm’ whi ; ishing FM screen. Follows
are abbreviated con€ept Ho iree algors \1\

, e T VAR

3.1.1 Area Sglection -

Area Selection igfong of f ‘ thre@ maj s that directly affect image
quality. Area Selection i “*_' g; oo tion module that determines and
matches suitable area suits C1 techniques, AM or FM screen. For
choosing screen types, Are; le part in concerning image tone. To

process entire image .area -effectiy and efficiently, there are two magnificent

In order to avoid non-smooth arga, at the boundary of the different screen

types, Aﬁ'l% Ei t@e%tﬁ w?lwg?ﬂ ﬁween low cutoff point
i i -1. The Mix

and high futoff point shown in Figure 3- ture Area is provided for

yschanging, r‘ reen: Ther it roper band to
€ iﬁiﬁﬁﬁrﬁﬁﬁﬁﬁ tﬁlglt] ﬁe ing is different
fr(?m the ordinary one. It consists of both AM and FM characteristics that have special
arrangement. In other word, it is a combination of AM and FM screen technique. As a

result, each pixel at the mixture area has cluster dots at the center, and the cluster dot

is surrounded by dispersed dots.
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Figure 3-1 The three areas of different screen techniques and the appropriate wide

band can smoothen the gradation ¢

)/ening techniques.
,4_
¥ —

keep ~, value of pixel relating to its

; _ : \\ rix is set to have two functions.
The former function is 0 | ! in thesai \a tion algorithm for classifying the
1

pixel to the proper$ du , ~ s, working at the AM screen
module. The detail of uging t reshole }matrix wi be described in the following
subject. v '

Tone value

i nl

HighCutoff
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Figure 3-2The threshold of hybrid algorithm using for Area Selection

In Figure 3-2 shows the cross section of hybrid threshold of the halftone cell.

Horizontal axis shows the distance from the center of halftone dot to the edge of the
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cell. Vertical axis shows the code value of each pixel. Black and White areas are

using for AM technique. Blue area is screened by FM technique.

3.1.2 AM Screen Algorithm
In order to generate AM screen, the threshold matrix plays the vital role by

comparing the matrix member with ode value of the image. The flowchart in

. ; " L . .l t Pixel
% \ ext Image

End
Figure 3-3The flowcha

‘ i h“- 7 . o
AM ‘y-h; n: _‘ processing. In this step,
i I
the original image !I analyzed and processed by being Li\ into small parts that have

the same size as a cell «A cell is applied go, Pixel Processing, which is working by

concentraﬂ %é.&}é% H cﬂ W@%ﬂﬁq ﬂ?‘hen obtained pixels

would be séiit to Threshold matrix for comparison. If the pixel has more value high

tiq ngﬁtﬁd atri ¢ fai oyi et t e, Jri contrast, if the
pixel has v rﬂﬁm th Mho m ﬁ, ﬂl would be
clez?r to be 0. This process will be completed when all pixels in a cell and all cells in

an image, and adjusted.
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3.1.3 FM Algorithm

FM algorithm used technique Spiral Error Diffusion developing from Floyd
and Steinberg Error Diffusion. As a result, the algorithm is compatible with AM
algorithm using in the mixture area. Following topic describés two major concept of

FM algorithm.

3.1.3.1 Spiral
Spiral processing is.b ) cessing, by which any process
would be enforced in s

shown in Figure 3-4.

Distribute
error

Next Pixel

Next Image

Figure 3-5 Flowchart of FM algorithm L
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Error diffusion is a method that tries to disperse an error value to the neighbor
pixel. The target pixel is found out error by representing the pixel data with binary
pattern value. The errors value are propagated to the adjacent pixel with different
weight, which depends on distance between the target pixel and the adjacent pixels:
The closer pixels will obtain more effect. Figure 3-4 shows the model of error

diffusion, and the algorithm described j

flowchart as Figure3-5.

The FM algorithm stasts the p e analyzing an original image through
Sub-image and Pixel proge . Pix will analyze each pixel in a cell
though Spiral Processing.iechiique by '{@ute. After that, the pixel data
would be sent to compare wih' 5 ) thres ‘alue of 128, the output pixel
data would be se i | 0 minimpm of the code value. After setting
: g in order to disperse errors to
adjacent pixels calledDistribin Al err '5.” e ert s are computed by subtraction the
output pixel fro i ikel. T , - lues, which is dispersed to

the next pixel. The groc, i 'h e this routine until finishing all pixels in cell

manipulating imj' such as resc g, prin ng, and so were on not

included in this “tHesis. It has still used image-processing software. The related
software and entire [foms are shown as Wwetrkflow in Figure 3-6.
Iéﬁr

SHATIEASHE AT et o o

image follmving scope of thesis, %pd the adjusted image resolution suitable for output

Qmﬁﬁ;ﬁmwbﬁpw ET’T‘&[ET since it is

Using C language to convert algorithm and to process the image, The halftone
programming composes of many parts such as opening and saving module of .RAW

file format. The output was kept as bi-level image which has 8 bits memory.
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Figure 3-6 Digital
ed"t0 bi-leve 5. b
1 s-. t " |\..-\‘\\ S

, N
The obtained gimage -:&cnm d 4from \\

The image sfQ nap image by cutting at 50%

threshold. To save the". TLF file 01 alftone image.

, would be brought to

composition for pristing © DUt e workflow has control strip creating

on foundation of vect &'% in .EPS *\

other parts from this 'ste '

format, it should be composed to

ff 7 . o
The composed image would be to output device by using suitable

application software, m f output device. Note that for vector

image, the outpuf device determin: es the suitable m: ‘;;,.; ith the highest quality of
‘ i 1'-.

output device. ’; : ‘

L

v/
ﬂuEJ NN
u': %lm J : Plate \) Press '\’ Printout \;
ARTA ViekbiEeE
F*ure 3’-] Qwentlonal o v;I fJ EI r] a El

The screen-printing press was choose. In the preparing plate making, the
fabric was cleaned and degreased, then it was coated by blue-emulsion mixed with
sensitizer at the ratio 5:1 in the dark room and leave it until dried. Then the block

would be exposed by UV radiation though positive images for 40 second to freezing
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emulsion to be stencil fixed onto the screen, and the unexposed emulsion was washed
away to reveal the image area. The stencil was dried properly.

In the printing process the block would be installed in semi-auto printing
machine, and print by maintaining the viscosity about 80 pt. and constant press. The

fabric would be cleaned every 5 times in printing. Figure 3-7 shows related workflow.
3.4 Test form and Control Sﬁnﬁ ' / /
To evaluate prmw ra test ontrol strlp was to be added into

the system. The eva@mﬁ 1ntom
Firstly, the image was fitstly evaluated by naked eyes. The test form as shown

and f1 wé;t, it inyl;h performance of halftone in

detail and continue®s tomings & &~ . \ -

in Figure 3-8 focusing of ‘

Figure 3-8 Tested image
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Secondly, gray scale bar in Figure 3-9 displays the result from

microdensitometer. This help evaluating the continuous tone.

HEEE | s R
L e e e I O I

Figure 3-9Grayscale used for evaluaie rb,' ;xicrodensitometer

4@6 3-10 is designed to control the
gl B

Thirdly, the control'strip as show
T

printing quality. The’lﬂs_j'gﬁblishea‘!from yeetorimage, which related to the output

devices. In this res ing at 2540 dpi was o

Figure 3-11 Pilot testform used for characterizing conventional printing system
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The final part is the test form. It is used to characterize the system of
conventional printing in order to search minimum dot size, which can be reproduced

with uniformity as shown in Figure3-11.
3.5 Materials

1. Image setter Film O

0 per/cm.

1. Personal C6 &uPentium166 MM
UL IMENSHEINI, .
AN T AN Y

4. Microdensitometer :Konika PDM -7
5. Software PhotoShop v.5 :Adobe California, USA.

6. Software Illustrator v.8 :Adobe California, USA.
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7. Software Visual C++ v.6 :Microsoft Washington, USA.
8. Screen Printing Machine

9. Self Contained Exposure Unit

3.7 Experiment

Halftoning technique depenc output device. The system in
conventional printing has ffect from previous step would

directly influence nex 2, only a few arms in each step

in processing would stzengly af 1\ n tput, image, and finally this
i i \\\!‘  enable the system to be possible

to use in realistic wrk, pfogfam development is separated into 3-catagories as follow.

————
il L

N
————————

Figure 3-12 Workflow of Establishment of Skeleton .

AlgorithmEf AM, FM, and Hybrid screening were developed. The cell size
in process has to beflﬁ as 8x8 pixel. 'qp program was converted from algorithm

e LA BN FN B T e ™
Q) BRI RN PRI Y ot

hafftone image by using C program.
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Figure 3-13 Flowcha n algorithm
The algorithr 1 Sub-Image and Pixel Processing modules.

The pixel .gé,”"“"—""" yute in :‘.; le, which calculates and

chooses the mostq suitable ’ ocﬂing pixel. The computation
is processed by co parmg the pixel data with the member of threshold matrix. Then,

the plxe]ﬁ % % W pj 3.1.2 and 3.1.3. The
process um until finis ﬁ i eﬂ(ﬁ‘::ell and all cell in an

image.

q W AINIMAYINLIAE ...

as descrlbed in Table 3-1 below.
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Table 3-1 Parameter of Establishment of skeleton

Condition |Image No.| Test Form dpi | Cell Size| Ipi Cutoff Span
(pixe) (code value)
AM algorithm 1 Tested Image| 300 8 38 - -
FM algorithm 2 Tested 8 38 - -
Hybrid algorithn 3 | 8 38 200 20
Hybrid algorithr 4 8 38 210 20

created an output image by

In this step, concerns with digital output

device. It can create an the adjustment of resolution has

to do before halftoning proc s TEpIe : sing step as shown in Figure 3-14.

- ~. - \

-—>«' Flm/Paper 3

———————

{' Gray
\_ Image /

e Gt

Lt
N

’Q‘Wﬁﬂﬁﬂim wnwmaa

The objective of this step aims to emphasize the efficiency and effectiveness
of algorlthms working with high resolution output image. Moreover, varying size of
cell is outlined. Besides, this step highlights the error diffusion method that

propagates the error values to the neighboring pixel in position.
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3.7.2.1 The program was converted by the algorithm shown in Figure
3-15 base on C programming. In this algorithm, there is a cell size parameters added
in the system. The cell size parameter previously affects the three processes. Firstly,
the size parameter is applied to generate Threshold Matrix by Creating Threshold
module. Secondly, the size parameter is used to create spiral route. Finally, it is used

to Creating Mask block to generat: Diffuse Mask that localizes the adjacent

Y,

pixels, which are dispersed by

Original Image

l

Sub-Image
> Processing

\\\ Threshold
Threshold Clear
ompanson Pixel

\ > Threshold

Set
Pixel

AM module

A

ymmenee=eaaiilll

Next Pixel

Next Image Next Image

AUEANENI NI

Figure 3-15] The Compatlblllty of Digital Prmtmg algorlthm

QR DI AUBAINGAR Yo

of gub-lmage Processing. The Pixel Processing uses spiral route from the create route

Next Pixel

S

module. Then, the pixel is analyzed by the Area Selection to choose a suitable screen
technique, towards AM or FM modules. The size parameter affects the error diffusion
in FM module, while the diffuse mask determines the position of neighboring pixels,

with gain error. This technique enables error diffusion to be successful and steady.
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The routine process will be complete until finishing all pixels in a cell and all cells in

an image.

3.7.2.2 Each base algorithm for AM, FM, and Hybrid screening were
separately tested using parameter from Table 3-2,3-3 and 3-4 respectively.

3123 The halft W ages were obtained by using digital
workflow which mentloned //

'—'
3.7.2-4y f irr' age _‘%‘"ﬂdmd analyzed.
» -",'\ LN
Table 3-2 Parametgr§ o algori m\

Condition |Im 5 : pi, Ip1 Cell Size (pixel)
Vary Ipi, Fix dpi 1 sted-image | ’ 7
, sted Image 60 21
Vary dpi, Fix lpir F1 ested Im 4 40 10
Tested image)| 14 100 )
Vary dp¥/ Ipi jyscalel 4 6350 |} 127 5
2 ¥ scale=E5035 106 6
g -~ Grayscalt 5 90 7
‘. - Graysc 7635 80 8
5 | Grayscale 35 9
6 Gr 10

1|y Test Borme: ﬁ] i iCell Size (pixel)
110 op 8
Tested Image 1270 80 16

Tested Image| 635~ | 40 16

i
i 1
ek e
1 * Grayscal 63 L4 vl L
2
3
4
5
6

5

Grayscale 635 90 2
Grayscale 635 70 9
11

13

Grayscale 635 58
Grayscale 635 48
Grayscale 635 42 15
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Table 3-4 Parameters of hybrid algorithm

Condition |Image No.| Test Form dpi Ipi Cell Size (pixel)| Cutoff Span
2.1 Vary Cutoff 1 Tested Image 635 58 11 200 20
2 Tested Image 635 58 11 180 20
3 Grayscale 635 58 11 120 20
4 Grayscale 635 58 11 140 20
5 Grayscale 635 58 11 160 20
6 Grayscale 11 180 20
7 . 11 200 20
8 11 220 20
2.1 Vary Span 1 11 200 10
2 11 200 30
3 200 20
4 10 200 20
5 15 200 20
6 20 200 20
q 200 20
8 30 200 20

3.7.3 Compatibili “onyentio intout (Screen printing)

This category €0 ders :thjf tire i from the realistic system in
conventional printing (Sg : Hng). fective gamut, An FM dot size is
separated form dpi parameter -€x:nsequ e image elements are together grouped
to create FM screen dot Tﬂe"éfgoﬁthni is o0 have a channel for parameter to

reen dot should relate to

control the siz =
that of conventlojpnnUng system. 10 that can be printed is a
vital characteristi

s a result, the minimum dot size p&meter is measured and sent

to the halftone programefor processing. Therelated workflow of this step is shown in

e 18 1113 WENT
AN ST

combines with the cell size parameter by, which the Group Mask Module is created.

The Group Mark is used for the FM module.
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The workflow of this process is the same as the compatibility of digital
printing step with the exception that the calculated pixels were set as a group through

new algorithm, which is able to calculate the group size as screen dot. The location of
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adjacent element is set as a group by algorithm. After setting or clearing pixel data,

the error diffusion would be processed.

3.7.3.2 A new effective gamut is reconsidered the number of shade,

which FM algorithm can be created. The numbers of shade are related with total area

in a cell over the area of a group dot and related parameters shown in Table 3-5, Table

3-6 and Table 3-7. \V///

Table 3-5 Parame@p dquM it at 40 Ipi.

Condition  |lmaf est/Form | dpi- i [Cell Size (pixel] Group Size

Vary group siz¢ s 1%70 22 |

&scag \2@ 40 32 3

rayscaley’| A270 |, 40 32 5

4 Fl qraygfg*g e 12 40 32 7

Grayscale ]+ 127 40 32 9

6 Grayscal 270 40 32 11

7" | Grayscale” 40 32 13

8 _{-Grayscale JJi 40 32 15

I 32 17

\
Table 3-6 ij\eters of group d Ipi.

Condition IIm(gENo. Group Size

Vary g0 Sy | 1) i

U 2 3

’ 5 Grayscale | 1270 | 80 16 9

6 Grayscale | 1270 80 16 11

2 Grayscale | 1270 80 16 13

8 Grayscale | 1270 80 16 15

9 Grayscale | 1270 80 16 17
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Table 3-7 Parameters of group dot FM Algorithm at 120 Ipi.

Condition lImage NoJ Test Form dpi Ipi [Cell Size (pixel] Group Size
Vary group size 1 Grayscale | 1270 120 11 i
2 Grayscale | 1270 120 | 11 3
3 Grayscal 1270 120 11 J
4 % )7 120 11 7
5 e 120 11 9
scale 0 11 11
call ) 11 13
al 1 15
/S 11 - 3¢
3.7.3.3 Pringd M .._." dot neasured by using the pilot test
form as mentioned 1 topic 3.4, 4 I :
3.7.3.4Fi }ﬁ_a;gfs P od using parameters in Table 3-8
respectively through Digital pome ﬂ? .escnbed in topic 3.2 and 3.3.
&::1 =, ""r-"rf 4.-' 4 y
Table 3-8 P '.r,..-..-.n_-.__--...-_..-.__ﬁ--._.:_;..;:.:« i

Condition Group Size| Cutoff Span

(code value)

6 15 - -

200 20

120
q_a ol 10 20

3.7.3.5 The image quality were measured and analyzed.
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