CHAPTER 1V
RESULT AND DISCUSSION

4.1 Analysis Method

The results of algorithm processing were investigated. Data analysis was

The image oufput {rom imagesetter.and p

classified into 2 ways.

4.1.1 Image 0 ﬁmh-

ing was examined by human

The performan€e ing was analyzed in terms of tone gradation. The

grayscale target ¢ a microdensitometer. The

obtained density valué pass filtering technique by which

the tone reproduction ; slope of the curve implies the

continuity of tone gradation. It -was at.the discontinuity could be occurred by
,::.? el A

2 factors, as follawin 4 ‘

4.1
The algoriti

P
: f;' Dy algorithm
should create the enough number-of gray levels for making the

UEINBNINEINTG

4.1.2.2 Poor linkagi of hybrid screen

AR TR NS IR

controlled such as dpi/lpi ratio and screen dot size. The tone reproduction curve of

tone curVﬁ;nooth WhiGh could be evaludied by tone reproduction of grayscale.
U

grayscale has evaluated. The slope of tone reproduction curve should not less than

zero at the boundary, for corresponding to one to one function.
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4.2 Establishment of Skeleton

4.2.1 Algorithm efficiency

Based on using 8 pixel cell size and 300 dpi input resolutidn, this enabled the
out put image of AM algorithm with image resolution 38 Ipi to achieve in an excellent
function. Although the tone generatediby cell had only 64 levels, the image could be
‘ re 4-1 (a).

In the module of Fh algorit cted that the created image is not
- —

on error did not disperse into

adjacent pixels, but spreadifng 0. the next pixels in . nt processing, which had the

! on creating the mixture area
between AM algori alsorithms, as are f the main algorithm. Figure
4-2 showed the diffeént g : ¢ +eréated hybrid screen. The Figure 4-2 (a) used
cutoff at 200 of cod e V2 whi ' ! -- f 4-2 (b)used cutoff at 210.

The expenment ,e -7 t ; and possibility of creation of mixing
2L O

screen type. However, : sly developed as following.
_————————————— '

4-@-1 € € shouic reﬁe to lpi parameter.
g
d1spers1 ’T

VMDA ' gy i e
of) digital output device is stage mus on ning process.

Accordingly, redundant data was already eliminated by halftoning process. In other

words, halftoning technology depended on an output device, whose resolution

parameter had to be transmitted to the halftone process.
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Figure 4-1Halftone image on Establishment of Skeleton using (a) AM algorithm; (b) FM algorithm

(b)
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Figure 4
()

@) | ‘ (b)
20, (a) cutoff at 200 code value;

-2 Halftone image using hybrid algorithm on Establishment of Skeleton mixing span =

cutoff at 210 code value
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4.2.2.4 As the resolution of the original digital image were set at the
maximum level, to maximize the performance of the output device, this abundant of
data became huge. Consequently the stability of algorithm was necessary to support

the image with high resolution.

4.3 TImagesetter Output

4.3.1 AM Scre

compared with 127 - s fo . i 'v. cteristic of screen dot in 1270 dpi

image was round wi

poor sharp image i pure 4-4(0); _‘ 4,100 Ipi. showed sharper image with tone
discontinuity.
Figure 4-5 and 4-6% fiowed th ‘srayscale images and their tone reproduction

with differen i atio:-ft-\wa | e dpi/lpi ratio more than 8 starts

up iﬁ % e resoluuon as 80 Ipi with different
dpi: (a EIA EL?I 31ze was different. The

screen dot size was close to the value of lld In contrast when the same dpi value

G}’qua Qm Eue%%ﬂ ‘?'ﬂm E‘T Ef:re 4-8(b). The

fesult displayed the tone discontinuity.

Figure 4-9, 4-10 showed the grayscale images created from different dpi / Ipi
ratio and their tone reproductlon curve. It was found that the proper parameter for

generating image with good continuity should have dpi / Ipi ratio more than 12.



Figure 4-3 Halftone image using AM screen on Compatibility of Digital Output at 60 Ipi, (a) 400 dpi; (b) 1270 dpi
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Figure 4-4 Halftone image using AM screen on Compatibility of Digital Output at 400 dpi, (a) 60 Ipi; (b) 100 Ipi
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Figure 4-5 Halftone grayscale using AM screen on Compatibility of Digital Output at 635 dpi, (a) dpi /Ipi ratio = 5; (b) dpi /lpi
ratio = 6; (c) dpi/lpi ratio = 7; (d) dpi/lpi ratio = 8; (e) dpi/lpi ratio = 9; (f) dpi/lpi ratio = 10

ot
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Figure 4-6 Tone reproduction of halftone grayscale using AM screen on Compatibility of Covering Digital Output at 635 Dpi, (a)
Dpi/Lpi ratio = 5; (b) Dpi/Lpi ratio = 6; (c) Dpi/Lpi ratio = 7; (d) Dpi/Lpi ratio = 8; (¢) Dpi/Lpi ratio = 9; (f) Dpi/Lpi ratio = 10

LE



|

Figure 4-7 Halftone image using FM screen on Compatibility of Digital Output at 80 Ipi, (a) 635 dpi; (b) 1270 dpi
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Figure 4-8 Halftone image using FM screen on Compatibility of Digital Output at 635 dpi, (a) 40 Ipi; (b) 127 lIpi
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Figure 4-9 Halftone grayscale using FM screen on Compatibility of Digital Output at 635 dpi, (a) dpi/lpi ratio = 5; (b) dpi/lpi
ratio = 7;(c) dpi/lpi ratio = 9; (d) dpi/lpi ratio = 11; (e) dpi/lpi ratio = 13; (f) dpi/lpi ratio = 15
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Figure 4-10 Tone reproduction of halftone grayscale using FM screen on Compatibility of Covering Digital Output at 635 Dpi, (a)
Dpi/Lpi ratio = 5; (b) Dpi/Lpi ratio = 7; (c) Dpi/Lpi ratio = 9; (d) Dpi/Lpi ratio = 11; (e) Dpi/Lpi ratio = 13; (f) Dpi/Lpi ratio = 15
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4.3.3 Hybrid Screen

Due to changing the cutting point, it was founded that when the number of
cutting was decrease, the area of FM screen in the image would be increasing as
shown in Figure 4-11. However, if the ratio of FM screen was higher, the dot gain
would be occurred. This affected on FM screen much more than that of AM screen in
the same tone. It was the main \cause one discontinuity of tone reproduction.
Halftone grayscale, shown.in F 8 iis tone reproduction shown in Figure
4-13, supported the staten » it @us tone reproduction would be

increased when the cuttingewas decre The ratio cutting point to determine FM

From chang » when the mixing area was
applied too wide, the dot yariable afic ster dc , Shoded by dispersed dot, could
be seem by nakedéEyes ke nages look inferior. However, the boundary
between AM and ould fiot be i voth if the \ : g area was too short. Halftone
grayscale shown in F v L S | production shown Figure 4-16
supported the statement tha ng wide band between AM and FM

It was found l}hat the proper dpi / lx,ratlo of AM should be more than 8; while

:1::) : Eﬂomﬂ qn ﬂrmzwtﬂ H\Tﬁﬁther the dpi / Ipi ratio
AR AN

image use parameters in this effective area. This will result in smoothened linkage as

shown in Figure 4-17.



Figure 4-11 Halftone image using Hybrid algorithm on Compatibility of Digital Output at 635 dpi, 58 lpi, mixing span = 20,
(a) highlight cutoff = 200 code value; (b) highlight cutoff = 180 code value
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Figure 4-12 Halftone grayscale using Hybrid algorithm on Compatibility of Digital Output at 635 dpi, 58 Ipi, Cutoff at (a) 220 code

value (b) 200 code value (c) 180 code value (d) 160 code value () 140 code value (f) 120 code value
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Figure 4-13 Tone reproduction of halftone grayscale using Hybrid algorithm ¢ on Compatibility of Digital Output at 635 Dpi, 58 Lpi, Cutoff at
(a) 220 code value (b) 200 code value (c) 180 code value (d) 160 code value (e) 140 code value (f) 120 code value
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Figure 4-14  Halftone image using Hybrid algorithm on Compatibility of Digital Output at 635 dpi, 58 Ipi, cutoff at 200 code value,

(a) mixing span = 10 (b) mixing span = 30
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Figure 4-15 Halftone grayscale using Hybrid algorithm on Compatibility of Digital Output at 635 dpi, 58 Ipi, (a) mixing span = 5;
(b) mixing span = 10 (c) mixing span = 15 (d) mixing span = 20 (¢) mixing span = 25 (d) mixing span = 30
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Figure 4-16 Tone reproduction of halftone graiyscale using Hybrid algorithm on Compatibility of Digital Output at 635 Dpi, (a) mixing span = 5; (b)
mixing span = 10 (c) mixing span = 15 (d) mixing span = 20 (¢) mixing span = 25 (d) mixing span = 30
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The resolution of halftone image from an imagesetter could not entirely pass
‘through the count-mesh screen printing. The minimum dot size, was limited. If the dot
size is smaller than that it should be, the tone reproduction represented by that size
disappears. Figure 4-18 (a), (b) showed the result of the misappropriate dot size from
FM and hybrid algorithms. Fig 4-19 (a), (b) showed the results of the appropriate dot
size from FM and hybrid algorithm. As a result, the effective gamut was controlled by

the limitation of printing process as diagrammatically shown in Figure 4-17.

~ x. ‘ ”/// dpi/lpi =12

dpi/lpi =8

dpi

Output resolution
restriction

g Efficient gamut

Efficient gamut
with shrinkage
Conventional resolutiol
restriction
» Ipi
. . - :.‘ . # . . o uw
Figure 4-17  Efficient Gamut and 1ts:shrinkage ¥ ing conventional printing

43.5 Furtheotevelopm ’ A

For further devegment, algorithm had to be impﬂ'ed as follows:

- i i ize of FM dot, bei
Effective gamut rtﬂ be extended, bweneratmg the size o ot, being

independent oﬁnﬁiﬂ;fg 'xw Ej ﬂﬁ m ﬁ dﬁghboring pixels,

by which the smﬁis

- The size of screen dot on ﬁln’F is essential ch@racteristic: the srfialler dot size
st Rpefa] QU o thdphds N e i s ke o is
limited %y printing process. Thus the operator should make clear the workflow

component of each printing system, relevant to the screen dot size.



Figure 4-18 Halftone printout on Compatibility of Digital Output using 400 dpi (a)FM algorithm (b)Hybrid algorithm cutoff at 200

code value
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Figure 4-19 Halftone printout on Compatibility of Digital Output using 635 dpi (a)FM algorithm (b)Hybrid algorithm cutoff at 200

code value
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4.4 Conventional Printout (Screen printing)

4.4.1 FM Screen with controllable dot size

Figure 4-20, 4-21 shows the 40 Ipi gray scale images based on 1270 dpi, and
tone reprdduction curves of screen printing results. It was found that the continuity of
tone reproduction was occurred when the dot size was smaller than 14 pixel. Note

that, when the printing resolution was ¢

result were appeared as shown i

d to 80 Ipi, a different tone reproduction
” 4-23. In this case, to achieve the

continuity of tone reproduction,. smaller than 4 pixels. For
# preferred at the dot size

guce \ can be concluded the
The printed pilot tg s e ound that the optimum

dot size was at least 15

Sl
arﬁfﬂﬂ -*7‘7‘
Sadins < o)

4.4.3 Algorithm efficiericy-

The proposed parameter ~riient ,é ed- ove, were defined whereby the print

results were obtaingd re 4-27. AM-algorithin gave overall tone

e e e s =
reproduction better thén that of \ Figure 4-29 and Figure
4-30, this results from dot gain problem.

While hybrid scréen, algorithm gavegresults uncertain, depending on the

bandwidth anﬂltwpﬁjt%%%vﬁawgh{a}ﬂ@ tone continuity.

Figure 4-28 (a)i(b) show the acceptable print result, using the value of bandwidth at

TR S e
possibly in flue 'al t A I[ ity, ( e e |pattern can
be appeared as shown in Figure 4-29 and Figure 4-30. The improvement can be done

through dot gain compensation of halftone screening process.

52



Figure 4-20 Halftone grayscale using FM algorithm at 40 Ipi, group size: (a) 1
(e) 9 pixels; (f) 11 pixels; (g) 13 pixels; (h) 15 pixels; (i) 17 pixels

pixel; (b) 3 pixels; (c) 5 pixels; (d) 7 pixels;

€S
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Figure 4-21 Tone reproduction of halftone grayscale using FM algorithm at 40 Lpi, group size: (a) 1 pixels; (c) 5 pixels;(e) 9 pixels; (g) 13
pixels; (i) 17 pixels
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Figure 4-22 Halftone grayscale using FM algorithm at 80 Ipi, group
(e) 9 pixels; (f) 11 pixels; (g) 13 pixels; (h) 15 pixels; (i) 17 pixels

size: (a) 1 pixel; (b) 3 pixels; (c) 5 pixels; (d) 7 pixels;
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Figure 4-23 Tone reproduction of halftone grayscale using FM algorithm at 80 Lpi, group size: (a) 1 pixel; (c) 5 pixels; (e) 9 pixels; (g) 13
pixels; (i) 17 pixels
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Figure 4-24 Halftone grayscale using FM algorithm at 120 Ipi, group size: (a) 1 pixel; (b) 3 pixels; (c) 5 pixels;

(e) 9 pixels; (f) 11 pixels; (g) 13 pixels; (h) 15 pixels; (i) 17 pixels

(d) 7 pixels;
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Figure 4-25 Tone reproduction of halftone grayscale using FM algorithm at 120 Lpi, group size: (a) 1 pixel; (c) 5 pixels; (e) 9 pixels; (g)
13 pixels; (i) 17 pixels
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Figure 4-26 Halftone pilot test form using FM algorithm at 80 Ipi, group size: (a) 1 pixel; (b) 3 pixels; (c) 5 pixels; (d) 7 pixels;

(e) 9 pixels; (f) 11 pixels; (g) 13 pixels; (h) 15 pixels; (i) 17 pixels
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Figure 4-27 Halftone printout on Compatibility of Conventional Printing using (a) AM algorithm; (b) FM algorithm
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Figure 4-28 Halftone printout using hybrid algorithm on Compatibility of Conventional Printing mixing span = 20, (a) cutoff at 200

code value; (b) cutoff at 210 code value
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Figure 4-29 Halftone grayscale printout 1270 dpi, 80 Ipi, (a) AM algorithm; (b) FM algorithm; (c) Hybrid algorithm, cutoff at 180

code value, mixing span = 20; (d) Hybrid algorithm, cutoff at 200 code value, mixing span = 20
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Figure 4-30 Tone reproduction of halftone grayscale printout 1270 Dpi, 80 Lpi, (a) AM algorithm; (b) FM algorithm; (c) Hybrid
algorithm, cutoff at 180 code value, mixing span = 20; (d) Hybrid algorithm, cutoff at 200 code value, mixing span = 20
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