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Abstract

This study investigated the use of AM/FM (Amplitude Modulation/Frequency
Modulation) hybrid screening in conjunction with computer to plate (CTP)
technology in order to obtain an optimum hybrid screening combination for the
offset lithographic printing process. The study designed nine different hybrid
(FM-AM-FM;  highlight-midtone-shadow)  screening combinations in
accordance with one of the few flexible (adjustable) hybrid screening
technologies. Hybrid screening and CTP technologies were used in offset
lithography to print a digital test form on matte-finish paper. Differences in print
attributes between matte-finish paper printed via the nine hybrid screening
combinations were measured by a spectrodensitometer, and statistical analyses
were used to identify a combination with an optimum FM-AM-FM tone
percentage. It was that the most optimum FM-AM-FM screen combination is
10-70-20 (i.e., 0%~10% is FM; 11%~80% is AM; 81%~100% is FM). The
hybrid combination of 10-60-30 is identified as the second best combination. It
is hoped that the results of this study can help offset lithographic printers to
better understand the characteristics of various screening techniques, allowing
them to improve printing quality and achieve the highest customer satisfaction.
The best hybrid screening combination of FM-AM-FM
(highlight-midtone-shadow) found in this study is provided to printers as a
reference enabling them to improve production effectiveness and quality, while
reducing printing costs and waste, enabling the quality of offset lithography in
Taiwan to progress.
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1. Introduction

The screen used in the Amplitude Modulation screening (AM) technology
commonly employed by the conventional printing industry, consists of a grid of
fixed-pitch dots that are made smaller or larger to simulate continuous tone and
to achieve the desired color and contrast. AM screening technology exhibits rich
tones in mid-tones, and higher LPI figures yields better details. Nevertheless,
confined by environment or capabilities of the printing machine, higher LPI
(lines per inch) does not necessarily means a better reproduction result. Moiré,
rosette, and tone jumping are problems commonly seen in AM screening
technology. Unsatisfactory manifestation in the highlights and shadows may be
often observed due to the fact that screen angle, screen ruling and screen shape
are all invariable. These problems have given rise to the emergence of
Frequency Modulation screening (FM) technology. FM screening achieves color
and contrast by clustering dots with the same size. The density of dots then
translates into variations in tones. Although FM screening technology is free
from moiré and rosette, and exhibits tones better than AM does, it has serious
tone value increase and noise problems. AM would have a better performance in
mid-tones than FM (Blondal, 2003).

Due to the fact that each screen technology has its advantages, the printing
industry sought to employ advantages yet avoid disadvantages from both and
gave rise to the emergence of Hybrid screening technology. Flexible (adjustable)
hybrid screening technology generates optimal printing quality by integrating
advantages of both technologies. FM Screening is used for highlights and
shadows while AM Screening for mid-tones. This not only removes noises from
FM in highlights but improves the rosette from AM and allows better images to
be reproduced (See Tablel). By using FM-like screening techniques and random
arrangement of dots, hybrid screening technology has been developed to
reproduce better details in highlights and shadows and allow an extended tonal
spectrum. In addition, flexible hybrid screening offers operators choices to set
according to their needs a specific percentage of dot density at which one
screening technology (AM or FM) will be transited to the other (FM or AM)
(Surprise, 2003).

Table 1. A comparison among FM, Hybrid and AM screening technology.

FM Hybrid AM
Fine Details Yes Yes Depending on LPI
Smooth Tones Smooth Smooth High LH may cause

tone jumping
Print Stability Average Stable Stable
Moiré None None Yes
Tone Value Increase Serious Average Average
Noises In highlights Vary frorp d%fferent Less
combinations




Although it has advantages from AM and FM, the use of hybrid screening
technology does not guarantee a perfect reproduction of images. Drawbacks
may include the following:
1. Boundaries between AM and FM tend to be obvious.
2. The technology is complicated and it will take quite some time in
calculation.
3. Due to different configuration technologies, noises may be introduced
in mid-tones.

The study was designed to apply a flexible (or adjustable) hybrid screening
technology to offset lithography on coated paper for the purpose of investigating
the optimum hybrid combination to achieve satisfied print attributes. The
so-called flexible or adjustable hybrid screening technology in this research
means that the transition points (lines) between FM and AM can be freely
controlled by the user. The main question that the study tried to answer was
whether various flexible hybrid screening combinations in lithography really
performed differently on tone reproduction and print contrast. Did any particular
FM-AM-FM hybrid combination yield better print attributes than others under
the same print condition?

2. Methodology

Based on true experimental methods, this study explores variations in print
attributes among different combinations of hybrid screening technologies of
offset lithography on matte-finish paper to determine the optimum FM-AM-FM
hybrid screening combination through experimental validation. Dependent
variables in this study were tone value increase (TVI) and print contrast (PC).
Independent variables were nine different hybrid screening combinations.

2.1. Combinations of hybrid screening technology

FM Screening Technology is used at highlights and shadows in this study (say,
a% and c¢% respectively) and AM screening technology is used at mid-tones (say,
b%). Since grayscale varies from black at 100% to white at 0%, a + b + ¢ = 100.
As shown in Figure 1, percentage of AM for mid-tones is set at b%. Nine
different hybrid combinations (FM-AM-FM; highlight-midtone-shadow) are
shown in Table 2. For example, when b= 80, then a+c=100—b=20.

|--FM(a)--| AM(b) |--EM(c)--|

o2 n 2

Figur.e 1. Hybrid screening technology combination.




Table 2. Nine hybrid screening technology combinations used in this study.

Combination 2 ath 4];0 =100 o Highlights setting Shadows setting
1 10 60 30 46um 80um
2 10 70 20 46um 65um
3 10 80 10 46um 46um
4 20 50 30 65um 80um
5 20 60 20 65um 65um
6 20 70 10 65um 46um
7 30 40 30 80um 80um
8 30 50 20 65um 65um
9 30 60 10 80um 46um

Total of 9 combinations

2.2. Design of test form

A digital four-color test form for each screen technology combination was
designed for this study. The test form is 11x7-in. in size which includes
photographic images, CMYKRGB gradients, and CMYK tint patches of 10%,
25%, 50%, 75%, and 100%. In order to avoid any variations may cause from
different test runs, nine test forms were arranged in one press form (40 x 31-in).
Figure 2 shows the arrangement of nine hybrid screening technology
combinations.

10-60-30 10-70-20 10-80-10
20-50-30 20-60-20 20-70-10
30-40-30 30-50-20 30-60-10

Figure 2. The arrangement of nine hybrid screening technology
combinations on the press form.

2.3. Experiment Procedures

The original press form for experiments was output for plate-making via
computer-to-plate. One set of four-color (C, M, Y, K) printing plates are output
by using a Screen PlateRite PTR-8600 Platesetter with 175 Ipi. The CTP plate
used in this study was Fujifilm LH-PA Thermal Plate, thickness of 0.3 mm.

Matte-finish paper used in this study was 158.2 pound coated paper. The ink
used in this study was CERVO ZIPSET from Tokyo Printing Ink. The Printing
press used in this study was Heidelberg Speedmaster equipped with infrared
drying system. The print test was run at a speed of 10,000 sheets/hr. The
temperature of the printing house was set at 23°C with relative humidity of 69%.
During press run, the ink density was balanced out across the paper to 0.98 for
the yellow, 1.34 for the magenta, 1.20 for the cyan, and 1.48 for the black.



2.4. Sampling and Data Analysis

Systematic random sampling is conducted on 200 copies of printed sheets.
Considering possible uneven ink spreading, the first and the last 50 copies were
removed and 50 copies were systematically sampled from the remaining 100
copies. An X-Rite® 528 reflective Spectrodensitometer using Murray-Davies
equation (n=1) was applied to measure solid ink density (SID), 75% print
contrast (PC), and tone value increase (TVI) at 10% ~ 25% ~ 50% ~ 75% ~ 90% of
the final printed sample for this study. Data collected and recorded were then
analyzed with statistical software to investigate the optimum hybrid screening
combination. Statistical analysis methods used in this study include one-way
analysis of variance and capability analysis.

3. Results and Discussion
3.1. One-way Analysis of Variance

One-way ANOVA and box-plot statistical procedures were employed to
determine whether the differences in tone value increase and print contrast of
nine hybrid screening combinations were significant. The significant level (o)
was set at 0.05 for all tests. The results are summarized in Table 3. As shown in
Table 3, the significant value of p is 0.000 < 0.05 (o) for all observed print
attributes, that is, at least one pair of the mean print attribute values is
significantly different at 0.05 levels. Table of descriptive statistical data of the
nine hybrid screnning combinations is displayed in Appendix I.

Table 3. Summary of One-way Analysis of Variance.

K C M Y

P-value | Sig. | P-value Sig. | P-value Sig. | P-value Sig.

10% TVI 0.000 yes 0.000 yes 0.000 yes 0.000 yes

25% TVI 0.000 yes 0.000 yes 0.000 yes 0.000 yes

50% TVI 0.000 yes 0.000 yes 0.000 yes 0.000 yes

75% TVI 0.000 yes 0.000 yes 0.000 yes 0.000 yes

90% TVI 0.000 yes 0.000 yes 0.000 yes 0.000 yes

PC 0.000 yes 0.000 yes 0.000 yes 0.000 yes

The box-plots for the KCMY hybrid screening combinations are exhibited in
Figure 3, Figure 4, Figure 5, and Figure 6, respectively. According to Figure 3,
for the black, the combination of 10-80-10 yielded the greatest PC and smallest
TVI for all tone levels, with the exception of 90% TVI. For the cyan, Figure 4
shows that the combination of 10-80-10 reproduced smaller TVI values for 10%,
25%, and 50% tints. The greatest PC for cyan occurred when the 10-70-20
combination was applied. For the magenta (Figure 5), the combination of
10-70-20 yielded smaller TVI values for 10%, 25%, 50%, and 90% tints. The
combination of 30-40-30, on the other hand, yielded the greatest PC for magenta.
In terms of yellow, the combination of 10-60-30 yielded the greatest PC and
smallest TVI values for 75% and 90% tints.
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Figure 3. The box-plot of hybrid screening combinations for the black.
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Figure 4. The box-plot of hybrid screening combinations for the cyan.
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Figure 5. The box-plot of hybrid screening combinations for the magenta.
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Figure 6. The box-plot of hybrid screening combinations for the yellow.




3.2. Capability Analysis

The section is to discuss the process consistency and capability of the observed
attributes for the nine different hybrid screening combinations. The tools used to
analyze the consistency for each variable are Individual Control Chart (I Chart),
Moving Range Charts (MR Chart), and Capability Analysis. Process capability
ratio (PCR or Cp index) is a measure of how capable a process is of meeting
specifications. A Cp index of 1 means that a process is exactly capable of
meeting specifications, while less than 1 means that it is outside specification
limits. Ideally, one would like to see a Cp much larger than 1, because the larger
the index, the more capable the process. Some practitioners consider /.33 to be a
minimum acceptable value for this statistic, and few believe that a value less
than 1 is acceptable.

Determination of the Lower Specification Limits (LSL)
and Upper Specification Limits (USL)

Due to the lack of historical parameters of LSL and USL for the observed
attributes (TVI and PC) for hybrid screening combinations, a method of
determining the proper LSL and USL is necessary. In this study, the LSL and
USL for each attribute are determined based on the following procedures (Hsieh,
2003; Montgomery, 1997):

1. Construct the trial I and MR control chart of each attribute for the nine
hybrid screening combinations.
2. Examine every control chart; if it is in control, then use the lower control

limit (LCL) and upper control limit (UCL) as the LSL and USL. If it is in
out-of-control condition (for most cases), reconstruct the control chart
after eliminating all out-of-control points in the initial charts to obtain the
revised values for mean, LCL, and UCL.

3. For each attribute, the difference between revised LCL and UCL of each
plate obtained in the previous step is computed and named 6Gyeyised, 1-€-
UCL evised - LCLyeyised = OGrevised- Then 3G evisea Of €ach plate is computed
for the purpose of obtaining the “average 3Gyeyisea” Of the nine hybrid
screening combinations, 38 revised namely, i.e.,

3Srevised = (3G revised/10-60-30 T 3Orevised/10-70-20 T 3G reviseds10-80-10 +
3Grevised/20-50-30 T 3Grevised/20-60-20 T 3Crevised20-70-10 T
3G revised/30-40-30 T 3Grevised/30-50-20 T 3Orevisear30-60-10) / 9-

4. For each attribute, the final LSL and USL are obtained by subtracting
from and adding to the 3S,eised, the revised mean of each combination,
ie.,

LSLﬁnal = Meanrevised - 3S’\revised
USLﬁnal = Meanrevised + 3Srevised

The LSLgy,, and USLg,, were then used to assess the relative Process Capability
Ration (PCR) for the revised individual measurement control chart (I-Chart) of
each attribute for the nine hybrid screening combinations (see Appendix II).



Figure 7, Figure 8, Figure 9, and Figure 10 provide a graphical presentation of
the process capability comparison of hybrid screening combinations for the
observed print attributes. For the black, the combination of 10-60-30 has the
largest relative PCR (Cp = 1.72) for the 25% tint.

2
1.8
1461 ®10% TVI
12 ®25% TVI

S 1 ¥50% TVI
8:2 ] 75% TVI
04 - H90% TVI
0'(2) : ¥ Print Contrast
o Q ,\QQ'Q U@ SQ:,)Q R N o Q o Q e,Q'Q o Q
RSSO N N SRS
Hybrid Screening Combinations

Figure 7. Process capability comparison of hybrid screening combinations for the black.

For the cyan, the combination of 20-50-30 has the largest relative PCR (Cp =
1.92) for the 90% tint, followed by the 30-50-20 combination for 75% tint (Cp =
1.83), the 10-80-10 combination for 10% tint (Cp = 1.55), and the combination
of 10-60-30 for 50% tint (Cp = 1.47).
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Figure 8. Process capability comparison of hybrid screening combinations for the cyan.



For the magenta, the combination of 10-70-20 has the largest relative PCR for
the 25% (Cp = 2.06) and 50% tints (Cp = 1.52), followed by the 20-70-10
combination for 50% tint (Cp = 1.42), and the combination of 10-60-30 for 10%
tint (Cp = 1.40).
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Figure 9. Process capability comparison of hybrid screening combinations for the
magenta.

For the yellow, the combination of 30-60-10 has the largest relative PCR (Cp =
2.13) for the 50% tint, followed by the 20-70-10 combination for 90% tint (Cp =
1.68), and the combination of 30-50-20 for 10% tint (Cp = 1.52).

H10% TVI
H25% TVI
550% TVI
H75% TVI
H90% TVI

= Print Contrast

Hybrid Screening Combinations

Figure 10. Process capability comparison of hybrid screening combinations for the
yellow.

As shown in those figures, the relative PCR values for majority hybrid screening
combinations are in the range of 0.7 to 1.3. In other words, most hybrid



screening combinations are acceptable, but not necessary satisfied for printing
consistent dots and producing consistent print contrast.

3.3. Identifying the Optimum Hybrid Screening Combination

A ranking system was applied to each observed print attribute (1 for smallest
TVI, largest PC, or the largest relative PCR; 9 for largest TVI, smallest PC, or
the smallest relative PCR). Then, the optimum hybrid screening combination
was identified by adding up ranking numbers in each print attribute. A smaller
ranking number in ranking indicates superiority. Scores and ranking of each
print attribute are listed in Table 4. It shows that the hybrid combination of
10-70-20, with the least of sum of ranking numbers, is the best among all
combinations. In terms of general print attributes, the nine combinations are
ranked as 10-70-20 > 10-60-30 > 30-40-30 > 20-50-30 > 20-60-20 = 30-50-20 >
20-70-10 > 10-80-10 = 30-60-10.

Table 4. Overall scores and ranking of nine hybrid combinations.

10-60-30 | 10-70-20 |10-80-10 [20-50-30 |20-60-20 |20-70-10 [3

?
N
@
w
S
3
@
%)
=}
=N
@
—
o

K [10% TVI

w
N
[N}

2 |1

£
<]
~
W
—_
£
—_

25% TVI

50% TVI

75% TVI

90% TVI

PC

C [10% TVI

25% TVI

50% TVI

75% TVI

90% TVI

PC

M [10% TVI

25% TVI

50% TVI

75% TVI

90% TVI

PC

Y [10% TVI

25% TVI

50% TVI

75% TVI

90% TVI

[95)
S [w|an|n|a|s|w|k|olo|ofo|—|w|w|a|u|a|un|a|w o |P

o8]
O ool |u||cofcofcofoco [N |—|u|w||e||fco||P

=== R W o [N W N[N |W W k| [O[O|oo N[N [N [

Q[ |B—|— =[N [QIQ[|e[(Q[(Q|o |~ |~ | |0N O

D[ [0 [— A= [N]|—[DN|N|—=|WR|W|W|—= ||| |[WR|N|W|—
WW[W | [=[u]u | |[—= | —= O, |—= [N |—|w ][N
[N BN E N A E N el xR ko [N E° R ISR | (O R INo N [oL INoN BN | EoN Pl | IS [oL ) I NS Ko ) (U8}
[N NN F IS Ny PNy Ty | [USR NG (OS] SOV P | O 8 Eol Kol INoN [o) BN Fo N | KW ) LOSR L. KV ) N |
O (WO |N|W[Q[Q|w|o(n|~ |V |—|a[Oln|w|O|w|O|(
N N N e A S e ke e S A Y Y SR A N Y Y (=R [eaY N=3 Nl o)
ENYEe N NI Fo N Fo ) (U] [ \O 3 Fo N | O} N2NS Ko N oLl BN N Kol BN I Fo Nl Il F-GH | BN | ES R BN KV 3 (9
(oo |(QR[w|o|xw o[~ |W[wn|O|K|[un|—=]|w|oo|[O]|oco|w|w
N [= (|| [ |WwW]|Q|[w (N |w| oo o|oo|h|w|Nd|oo|h|oco|oo |
WlwWwlwun|(h[H|(H|R[I|0|N|[[R|N[ND|W|IN|N|— [N ]|—|—|ON|0
[N ([ QR [Q[= D[RR [[Q—= (| = =N [oo|w
e A e el =R Y AN N A =R RN SN Ny NS NG | (O3 B\ Fo N (LU g (OS] N ) INoJ RV

Rl [nflcofn|Of— =LA |~ |||k
D[R | N[O [P || (AN [Q|Q[0 (|| —=(—]|Q[—|—|—

PC

Total Score 189 185 260 241 242 253 221 242 260

Ranking 2 1 7 4 5 6 3 5 7

Note: Left column represents the ranking of dot reproduction capability
Right column represents the ranking of process consistency




4. Conclusions

This study investigated the optimum hybrid combination to achieve satisfied
print attributes in terms of dot reproduction capability and process consistency.
The former is judged based upon the minimum yield of tone value increase and
maximum yield of print contrast could be obtained. The latter uses statistical
techniques to measure and analyze the variation in processes and provides a
process capability ratio to identify how capable a process is of meeting
specifications. It was found that the hybrid combination of 10-70-20, that is, the
use of FM at highlights from 0%~10%, the use of AM at mid-tones from
21%~0% and the use of FM again at shadows from 81%~100%, exhibits fair
average performance in most print attributes. The hybrid combination of
10-60-30, with similar score, is identified as the second best combination. These
two combinations are suggested to local academic and industrial circles. The
other two combinations of 10-80-10 and 30-60-10, with total score as high as
260, are the least suitable ones for offset lithography.

Due to limitations of time and manpower, experiments of print attributes of
hybrid screening technology conducted by this study cover offset lithography
and one substrate only. It is suggested that follow-up studies would include
more substrates and conduct more research on other printing processes, such as
flexography, to find out optimum hybrid combinations thereof and compare with
our findings for offset lithography. Furthermore, more extensive analyses can be
conducted on the comparison between the optimum hybrid combinations
discovered by this study and printed sheets with AM and/or FM Screening
Technology in terms of print attributes.
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Appendix I

Descriptive statistical data of the nine hybrid screnning combinations.

Combination 10% TVI 25% TVI 50% TVI 75% TVI 90% TVI Print Contrast

Mean S.D. Mean S.D. |Mean| S.D. [Mean| S.D. Mean S.D. Mean S.D.

10-60-30 1.40 0.50 3.44 0.66 [ 575 | 0.73 |5.03 | 0.54 1.68 0.23 19.95 0.57
10-70-20 0.94 0.40 2.96 0.54 [ 5.80 [ 090 | 522 | 0.56 0.07 0.44 19.73 0.66
10-80-10 0.07 0.44 2.03 0.55 | 4.89 [ 090 |494 | 0.53 2.60 0.28 20.00 0.63
20-50-30 1.88 0.47 4.03 0.70 [ 631 | 0.81 | 571 | 0.50 2.11 0.25 19.23 0.66

K | 20-60-20 1.75 0.47 3.95 0.63 | 6.88 [ 0.76 | 6.06 | 0.48 2.51 0.27 18.86 0.71
20-70-10 1.51 0.47 3.34 0.79 [ 575 | 1.03 |599 | 0.56 3.05 0.26 18.94 0.75
30-40-30 1.93 0.53 3.82 0.84 [ 657 [ 098 |534 | 0.72 2.30 0.62 19.62 0.79
30-50-20 1.85 0.47 4.50 096 [6.70 [ 1.15 | 588 | 0.74 2.38 0.31 19.05 0.86
30-60-10 1.86 0.56 4.21 092 [6.68 | 122 |590 ] 0.79 2.89 0.42 19.04 091
10-60-30 2.62 0.49 5.91 0.60 [10.26[ 0.67 | 7.75 | 045 3.71 0.21 17.25 0.45
10-70-20 1.56 0.48 4.26 0.56 | 848 | 0.72 | 7.23 | 0.50 3.69 0.24 17.77 0.50
10-80-10 1.08 0.38 4.17 0.58 | 7.99 [ 0.67 7.9 0.55 3.83 0.24 17.61 0.55
20-50-30 2.37 0.46 5.58 0.62 [10.07| 0.69 | 8.13 | 0.50 3.77 0.23 16.87 0.50

C 20-60-20 1.80 0.49 4.27 0.59 [ 883 [ 075 | 7.54 | 0.46 3.64 0.27 17.46 0.46
20-70-10 1.78 0.41 4.14 0.50 | 854 [ 0.70 | 7.50 | 0.40 3.94 0.23 17.50 0.40
30-40-30 2.45 0.52 5.64 0.76 [9.65 | 088 | 7.81 | 0.53 3.92 0.28 17.19 0.53
30-50-20 1.98 0.47 4.64 0.67 [ 829 [ 0.79 | 744 | 0.58 3.56 0.31 17.56 0.58
30-60-10 1.78 0.51 4.46 0.77 | 7.92 | 096 | 731 | 0.63 3.63 0.28 17.69 0.63
10-60-30 1.84 0.43 4.12 0.60 [7.75 | 0.68 | 589 | 0.38 2.57 0.24 19.11 0.39
10-70-20 0.88 0.52 3.89 0.59 [7.63 | 070 | 6.23 | 0.59 2.56 0.24 18.77 0.59
10-80-10 1.75 0.51 4.33 0.62 [ 850 [ 070 | 6.52 | 0.52 2.94 0.30 18.48 0.52
20-50-30 1.37 0.44 3.56 0.63 [ 797 [ 070 | 6.05 | 0.42 2.68 0.21 18.95 0.42

M| 20-60-20 1.56 0.52 4.21 0.77 [ 8.07 | 0.77 ]6.39 | 0.60 2.79 0.30 18.61 0.60
20-70-10 1.40 0.49 4.20 0.62 | 849 | 0.65 | 6.63 | 048 3.01 0.25 18.37 0.48
30-40-30 1.95 0.40 5.04 0.57 | 820 [ 0.65 | 586 | 0.36 2.40 0.19 19.14 0.36
30-50-20 2.37 0.47 5.47 0.68 | 889 [ 074 | 622 | 0.52 2.57 0.23 18.78 0.52
30-60-10 1.97 0.46 5.38 0.58 | 882 | 078 | 648 | 049 2.78 0.21 18.52 0.49
10-60-30 2.40 0.57 3.58 0.68 | 7.65 | 045 |592| 0.74 2.12 0.25 19.08 0.74
10-70-20 1.69 0.53 3.14 048 [ 747 | 045 |648 | 0.34 2.37 0.22 18.52 0.34
10-80-10 2.62 0.59 4.30 0.59 [879 [ 045 |7.25] 033 2.96 0.20 17.75 0.33
20-50-30 1.40 0.57 3.64 0.53 [8.02 [ 040 |6.09 | 0.37 2.34 0.16 18.91 0.37

Y 20-60-20 1.50 0.55 3.32 045 [ 7.17 [ 039 |6.67 | 0.28 2.50 0.18 18.33 0.28
20-70-10 1.65 0.47 4.29 0.59 [ 8.88 | 0.55 |7.68 | 0.27 3.21 0.20 17.32 0.27
30-40-30 1.67 0.54 3.99 0.54 [934 | 049 | 683 | 0.36 2.70 0.16 18.17 0.36
30-50-20 1.82 0.44 3.98 0.63 | 888 | 039 | 731 ]| 037 2.92 0.21 17.69 0.37
30-60-10 1.87 0.49 4.59 0.64 [9.82 | 061 |7.99 | 0.34 3.43 0.17 17.01 0.34




Appendix 11

The LSLg,, and USLg,, of the attributes for the hybrid screening combinations.

. 10% TVI 25% TVI 50% TVI 75% TVI 90% TVI Print Contrast
Combination 17 er RGEL  TLCL m [UCL it | LCLanat JUCL et |LCLanat JUCL amat | LCL ot [UCL ot [LCLonar JUCL
10-60-30 037] 240] 2.13] 450] 4.16] 723] 38| 6.16] 107] 225] 18.84] 2121
107020 | 009 195| 1.75| 413| 405| 7.12] 400| 638] 174 292| 1863 21.00
10-80-10 | -099| 105| 06| 3.14| 3.15| 622] 373| 611| 201| 3.9| 1890 2127
20-50-30 087| 290| 285| 522| 42| 7.79| 452| 690| 151| 269] 18.11| 2048

K [ 20-60-20 068 272| 280| 517| 538 844| 487| 725| 192] 3.10] 17.75] 2012
20-70-10 040| 243| 196| 433| 408| 7.14| 480| 7.17| 243| 3.61| 17.83] 2020
30-40-30 097| 300| 255 493| 474| 780 403| 641| 157| 274| 1845] 2082
30-50-20 078| 281| 3.19| 556| 465| 7.72| 448| 686| 1.79| 297| 18.15] 2052
30-60-10 083| 287| 308| 545| 503 8.10| 457| 695| 2.19| 337] 18.05] 2043
10-60-30 152] 363] 448] 734 933] 1183] 680 864] 324] 420] 1822] 1822
10-70-20 049| 264| 280] 566] 7.15| 965| 629| 813| 3.19| 4.15| 17.84| 17.84
10-80-10 | -007| 209 274| 560| 669| 919| 642| 826| 333| 429| 1758 17.58
20-50-30 129 344| 413| 699| 884 1134| 7.14| 898| 333| 429| 18.01| 1801

C [ 20-60-20 070| 285| 284| 569| 761 1011| 663| 847| 3.11| 407| 17.64| 17.64
20-70-10 075| 291| 272| 558| 7.0 9.60| 658| 842| 346| 443| 1748 1748
30-40-30 131 346] 416| 702| 844 1094| 694| 878| 337| 434| 1819] 18.19
30-50-20 089| 304| 314| 600 7.06| 956| 664| 848| 3.14| 410| 17.83| 17.83
30-60-10 068 283| 293 579 656] 906] 636| 820| 3.14] 4.10] 17.58] 17.58
10-60-30 063] 287] 282] 528 628] 9.16] 490] 683] 203] 3.11] 1822] 20.16
107020 | -025]| 199 265| 511| 608| 895| 522| 7.16] 199| 3.08| 17.84| 19.78
10-80-10 062| 286] 302| 548] 702 989 549| 742| 235| 344| 17.58] 19.52
20-50-30 028| 252| 221| 466] 643 931| 506| 699| 2.11| 320| 18.01| 19.95

M [ 20-60-20 043| 267| 291| 537| 653 941 538| 732| 224| 333| 17.64] 1958
20-70-10 024| 248| 291| 537| 690 844 10.06| 11.68| 1330| 14.92| 1748 1942
30-40-30 083| 307| 381 627 64| 961| 488| 681| 185| 294| 18.19] 20.13
30-50-20 125| 349| 423| 668| 735 1023| 523| 7.07| 2.03| 3.11| 17.83] 19.77
30-60-10 083] 307| 415| 661] 735| 1022 548| 741| 222| 331] 17.58] 19.52
10-60-30 098] 374] 210] 483] 659] 865] 5.19] 684] 164] 261] 18.16] 1981
10-70-20 033| 309| 172| 450| 644 851| 562| 727| 187| 285| 17.73| 1938
10-80-10 124 400| 280 558] 7.75| 982| 641| 806| 247| 345| 1694| 1859
20-50-30 002| 278| 225| 503| 698 905| 527| 692| 185| 283| 18.08] 19.73

Y [ 20-60-20 012| 288| 193] 471| 613]| 820 585 | 750| 2.01| 299| 17.50] 19.15
20-70-10 027| 303| 290| 563| 784| 991| 686| 851| 272| 370| 1649 18.14
30-40-30 029] 305| 260] 538| 831| 1038| 601| 7.66| 221| 319| 17.38| 19.03
30-50-20 044| 320 259| 537| 785| 992| 649| 8.14| 243| 341| 1688 1853
30-60-10 049| 325 320] 598] 893| 11.00] 721| 886| 294] 391| 16.14] 17.79




Appendix III

Summarized Relative PCR (Cp Value) and Pp of the attributes for the hybrid screening
combinations.

10% TVI 25% TVI 50% TVI 75% TVI 90% TVI Print Contrast
Cp Pp Cp Pp Cp Pp Cp Pp Cp Pp Cp Pp
10-60-30 1.01 088 | 1.72 1.06 1.09 0.80 092 1097 | 1.12 1.01 0.92 | 097
10-70-20 1.09 |0.91 1.36 0.90 1.07 0.82 095 10.75 | 1.03 0.70 1095 | 0.75
10-80-10 1.04 ]0.91 1.32 091 1.01 0.72 1.05 10.79 | 0.78 0.70 | 1.05 | 0.78
20-50-30 0.88 0.72 | 0.85 0.56 0.94 0.72 084 10.79 | 1.12 093 |0.83 | 0.79
K 20-60-20 1.11 085 | 1.02 0.68 1.03 0.69 091 0.82 | 0.84 072 1091 | 081
20-70-10 1.11 1089 | 1.20 0.74 0.82 0.56 0.85 |0.71 1.07 0.89 |0.85 | 0.71
30-40-30 0.78 10.66 | 0.88 0.56 1.21 0.77 135 10.89 | 1.14 099 138 ] 1.17
30-50-20 1.08 089 | 0.72 0.46 1.19 0.79 1.27 10.83 | 0.86 0.63 | 1.27 | 0.82
30-60-10 1.02 10.79 | 0.70 0.51 0.80 0.48 1.09 ]0.68 | 1.28 0.89 | 1.09 | 0.68
10-60-30 092 10.75 | 0.85 0.79 1.47 1.19 1.11 1096 | 1.15 083 | 1.12 | 097
10-70-20 081 0.74 | 0.94 0.89 0.81 0.66 1.00_ ] 0.71 | 0.89 0.69 | 1.01 | 0.72
10-80-10 1.55 | 1.10 | 0.81 0.82 0.86 0.70 0.73 ] 0.64 | 0.78 0.73 10.73 | 0.64
20-50-30 1.05 1092 | 091 0.77 0.79 0.64 095 10.77 | 1.92 1.18 10.96 | 0.77
C 20-60-20 086 079 | 1.34 1.08 0.87 0.65 0.89 |0.70 | 0.93 0.65 |0.90 | 0.70
20-70-10 1.10 {092 | 1.08 0.96 1.08 0.86 0.82 |0.77 | 0.72 0.70 |0.82 | 0.77
30-40-30 1.00 | 0.83 | 091 0.71 1.25 0.82 1.23 ] 0.87 | 095 0.67 | 1.22 ] 0385
30-50-20 1.05 1077 | 1.34 0.79 0.95 0.67 1.83 | 1.30 | 1.26 0.87 | 1.57 | 0.99
30-60-10 095 076 | 1.10 0.81 1.35 0.93 1.03 ] 0.71 1.12 0.81 1.09 | 0.75
10-60-30 1.40 | 1.10 | 1.00 0.85 0.98 0.81 1.20 | 1.18 | 0.92 090 | 1.22 ] 120
10-70-20 0.96 |0.83 | 2.06 1.29 1.52 0.99 0.82 10.71 | 0.92 082 10.82 ] 0.71
10-80-10 1.16 |1.05 | 1.08 0.89 0.79 0.79 096 0.79 | 0.83 0.73 10.96 | 0.80
20-50-30 1.00 | 0.88 | 1.04 0.84 1.02 1.00 091 0.84 | 1.16 1.04 10.92 | 0.84
M 20-60-20 0.84 0.82 | 0.94 0.67 1.06 0.90 1.18 ]0.90 | 0.88 080 | 1.14 ] 0385
20-70-10 098 1084 | 1.07 0.79 1.42 1.11 1.05 ] 0.88 | 0.84 0.74 | 1.06 | 0.88
30-40-30 095 1093 | 0.73 0.71 0.92 0.75 1.04 ]0.96 | 1.09 099 | 1.05 ] 097
30-50-20 090 078 | 1.04 0.71 1.10 0.75 095 10.77 | 130 0.86 |0.96 | 0.78
30-60-10 098 |0.83 | 0.76 0.70 0.70 0.63 099 ]0.86 | 134 1.18 10.99 | 0.86
10-60-30 096 092 | 1.22 091 1.00 0.83 0.81 |0.77 | 097 0.66 | 0.81 | 0.77
10-70-20 099 1089 | 1.19 1.03 0.75 0.76 1.25 ] 0.88 | 095 0.75 | 1.25 | 0.88
10-80-10 078 10.78 | 1.10 1.02 0.99 0.76 096 |0.89 | 0.78 0.82 |0.96 | 0.89
20-50-30 0.82 080 | 1.12 0.97 0.87 0.85 0.67 |0.73 | 1.13 1.04 ]0.67 | 0.73
Y 20-60-20 1.12 | 1.03 | 1.08 1.03 0.95 0.89 1.12 ] 0.96 | 0.84 0.88 | 1.12 | 0.96
20-70-10 1.19 1097 | 0.85 0.78 1.14 0.81 1.10 ] 1.02 | 1.68 1.29 | 1.10 | 1.02
30-40-30 1.00 | 0.89 | 1.09 0.86 1.04 0.77 1.19 1090 | 1.13 1.00 | 1.19 | 0.90
30-50-20 1.52 | 1.28 | 0.86 0.73 0.87 0.88 095 10.79 | 0.74 0.76 10.95 | 0.79
30-60-10 1.00 [ 0.94 | 0.75 0.72 2.13 1.73 1.35 | L.11 1.40 1.02 | 135 ] 1.11

Combination




