CHAPTER 5
RESULTS AND DISCUSSION

According to the experimental setup, it should be noted that the apparatus
stability is around AETS ~ 1~ 2 for both types of printer model. Especially the inkjet
printer produces the printout that fades rapidly. Therefore the measuring is done
immediately after each printing.

In the experiment, when the input data is loaded into the model, the obtained
printout is measured by a spectrophotometer into CIEXYZ color space. This is
converted again to be the color into SRGB color space. The results of LUT data here
appear the minus sign of SRGB color values, It means that some parts of the Printer
gamut boundary of the Real Model exceed the SRGB gamut boundary.

These out of range colors, however, are not denied in the coefficient
calculation process, because it is better to use all possible LUT data to be Coefficient
Partition for approximating the Real Model. However, the Target Partition can be
only the intersection boundary of SRGB and Printer gamut boundary.

Figure 5-1 shows the Printer Gamut bouncary of the Canon Bubble Jet
BJC8500 and Canon Color Laser Copier CLC1120 side by side for each plan of the
SRGB color space. 1t’s clearly that SRGB color space doesn’t cover all of Printer
gamut boundary, even it’s bigger.

It should be noted that the Printer gamut boundary is generated based on
SRGB value of LUT data. Hence, there are two types for each Real Model; 7x7x7
base and 9%9x9 base Printer gamut houndary.
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LC 1120 GAMUT boundary in SRGB Color Space
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Figure 5-1 The Printer Gamut boundary of printer model BJC8500 and CLC 1120
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The algorithm, to generate the Printer gamut boundary, IS Convex Hull
technique.  This algorithm does not highly produce in accurate Printer gamut
boundary, especially for the printer that is highly nonlinear with small Lu T data size.

Most of Tuni data, which uniformly distribute around srG8 color space, are out
of Printer gamut boundary, S0 they were chosen only the inner by intersection. Thus,
the numbers of residual data are different among the intersection between Printer
gamut boundary that is created from 7x1x1 base and 9x9x9 base. For the printer
model BJC8500, It has 498 residual data for 1x 1x I base and 497 residual data for
9x9x9 base Printer gamut boundary. And also for the printer model CLC1120, It has
497 residual data for 1x 1x | base and 501 residual data for 9x9x9 base Printer gamut
boundary. Nonetheless, these differences of the number of Testing data [TUN] can be

ignored when it is used to evaluate the approximated accuracy.
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51 EffectofModel, LUT data size, Partition method and Degree of Regression
Model

Many of parameters were used to evaluate the approximated accuracy. All of

the parameters can be concluded as follow:

5.1.1 ModelofPrinter

Canon Bubble Jet BJC8500
» Canon Color Laser Copier CLC1120

512 LUT data size

o IXIXTLUT data

o X9X9LUT data

5.1.3 Partition method

* Whole space

» Tetrahedral method divided by plane r +G +B =383 with 50 unit

Overlapping



5.1.4 Degree ofRegression Model

» 14 Order with 4 Terms of Coefficient
o 2rdOrder with 11 Terms of Coefficient

« 3rdOrder with 14 Terms of Coefficient and 20 Terms of
Coefficient

5.1.5 Testing data

«  Canon Bubble Jet BJC8500
-X7x7 LUT data
Tuni 1 498-color patch
Tt 343-color patch

Tgio : 841-color patch

-9x9x9ILUT data
Tuni 1 497-color patch
Tt 1 729-color patch

9o+ 1226-color patch

» Canon Color Laser Copier CLC1120
-X7x7 LUT data
Tuni 497 color patch

Tiu, 343 color patch



Tgio : 840 color patch

-9x9x9 LUT data

Tuni : 501 color patch
Tiu, : 729 color patch
Tgio : 1230 color patch

The approximated accuracy of each parameter is shown in Table 5-1 through
Table 5-4. Table 5-1 and Table 5-2 are the results of printer model Canon Bubble Jet
BJC8500. Table 5-1 shows the approximated accuracy of 7x7x7 LUT data size With
both partition methods, which evaluated by Tiu,242, Tiu, 49S and r/w841 testing data.
Table 5-2 shows the approximated accuracy of 9x9x9 LUT data Size with both
partition methods, which evaluated by Tiu,129, Tiu, 491 and Tiut 1226 testing data.

Table 5-3 and Table 5-4 are the results of printer Canon Color Laser Copier
CLC1120. Table 5-3 shows the approximated accuracy of 7x7x7 LU T data Size with
both partition methods, which evaluated by 7,343, Tiu,491 and T;w840 testing data.

Table 5-4 shows the approximated accuracy of 9x9x9 LU T data size With both

partition methods, which evaluated by Tiu,129, T/w501 and Tiut 1230 testing data.
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6.01

012
1958
6.77
4.20
197
0.19
17.62
517
407
6.58
0.15
16.12
4.33
348
599
0.15
16.04
4.05
344
531

047
21.06
5.66
4.02
6.94
0.23
2110
4.09
352
539
0.42
14.74
363
2.3
4.34
0.33
1341
339
2.24
4.06

012
21.06
6.22
4.09
1.37
0.19
2110
4.63
3.75
590
0.15
16.12
398
287
4.87
0.15
16.04
3.12
2.19
4,61

Table 5-The approximated accuracy of the Canon BJC8500 for 7x7x7 LUT data
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9x9x9 LUT data

Whole Tetral2

T-ut 729 T-uni 497 T-glo 1226 T-lut 729 T-uni 497 T-glo 1226

X04  min 043 0.32 0.32 0.21 0.46 0.21
max 070 3% N0 212 2466 2466

mean 1225 868 1046 6.03 542 573

std 8.28 5.66 133 390 355 3.76

rms 1478  103% 13 118 6.47 6.90

X1 min 0.67 041 041 0.10 0.23 0.10
max 2421 2492 249 1371 1840 1840

mean 6.13 5.69 591 388 387 387

std 4,04 4.21 413 242 3.07 2.70

rms 1.34 111 1.5 457 493 4.72

314 min 0.13 0.26 0.13 0.12 0.16 0.12
max 158 164 164 269 12U 1269

mean 4.94 458 4.76 301 2.89 2.9

std 318 319 318 189 2.05 1.9

rms 5.87 5.58 5.76 3.56 3.54 355

320 min 0.23 0.35 0.23 0.13 0.16 0.13
max 1592 BB 12 109 210 1210

mean 4.22 421 4.22 2.83 2.12 2.78

std 242 2.69 2.53 169 190 178

rms 487 499 492 3.30 332 331

Table 5-2The approximated accuracy of the Canon BJC8500 for 9x9x9 LUT cata
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IX7x7LUT data

Whole Tetral?

T-ut343 T-uni497 T-glo 840 T-lut 343 T-uni 497 T-glo 840

304  min 0.16 1.80 0.16 0.71 0.70 0.70
max 40.67 29.57 40.67 20.74 20.65 20.74

mean 1161 9.08 1035 1.24 112 718

std 7118 3.62 5.36 4,05 2.32 314

ms 1364 9.78 11.52 8.29 749 183

311 min 137 174 137 097 097 097
max 24.61 23.00 24.61 19.03 1453 19.03

mean 7.80 8.30 8.05 6.41 7.38 6.89

std 4,03 2.28 31 2.69 248 257

ms 8.78 8.61 8.68 6.95 1.8 745

X4  min 0.29 122 0.29 0.13 091 013
max 1350 18.05 18.05 1452 1408 1452

mean 6.18 8.99 158 5.33 6.20 5.76

std 2.69 2.86 2.19 2.19 231 2.26

ms 6.74 943 8.44 5.76 6.62 6.28

3x20  min 0.16 058 0.16 0.20 0.66 0.20
max 1593 1775 1775 12.20 12.07 12.20

mean 6.02 8.76 1.39 5.28 547 5.37

std 2.12 3.05 291 2.20 2.42 2.33

ms 6.61 9.27 8.29 h.12 598 5.88

Table 5-3 The approximated accuracy of the Canon CLC1120 for 7x7x7 LUT data



9x9x9 LUT data

Whole Tetral2

T-ut729 T-uni 501 T-glo 1230 T-lut 729 T-uni 501 T-glo 1230

304  min 031 146 031 0.36 2.19 0.36
max 240 245 240 BN UL BYH

mean 1134 8.10 9.72 763 8.32 197

std 1.28 3,72 6.08 4.15 2.15 347

ms 1347 891 1183 8.68 8.59 8.65

X1 min 0.86 125 0.36 0.11 124 0.1
max 2362 1678 2362 1672 1813 1813

mean 7.08 6.41 6.75 5.9% 8.17 1.36

std 363 2.35 3L 2.60 2.56 2.58

ms 7.9 6.83 1.52 6.50 9.13 768

314 min 0.21 0.651 0.21 0.15 0.33 0.15
max 1569 1410 1569 B2 2B B2

mean 6.69 6.54 6.61 6.49 590 6.20

std 2,63 2.26 248 2.17 2,04 211

ms 1.18 6.92 7.08 6.85 6.24 6.60

3x20  min 0.18 0.24 0.18 0.2 0.32 0.2
max 1697 109 1697  13% 1078  13%

mean 560 569 5,65 5.45 491 518

std 2.53 2,05 2.34 199 197 1%

ms 6.14 6.05 6.11 5.80 5.29 5.60

Table 5-4The approximated accuracy of the Canon CLC1120 for 9x9x9 LUT cata



5.2 EffectoftheLu T data size on Bubble Jet BJC8500

At the beginning of the process, the LU T data size are chosen to be 7x7x7 and
9x9x9, relavant to its practical approach. In commercial, the Look-Up table size
5x5x5 with Tone Curve Adjustment iS enough to predict the Real Model by
interpolation method. In this research, it is not pre-adjusted the Tone Curve
Adjustment. Therefore, more number of Lu T data IS selected. The huge size of look-
up table is definitely better, however it consumes more time and material.

Figure 5-2 shows that the LU T data size influences the approximated accuracy
as simple way. Thatis, when LU T data size IS increased, the AErms will be reduced.

However, it shows that the increase of the LU T data Size around 200% affects
the AErms just a few units. In the same figure, AEmax shows that the approximated
accuracy doesn't relate to the LU T data size as the expectation. Nonetheless, this
couldn’t absolutely conclude because of the incongruous between the Testing data

and LU T data.

53 Effectofthe order otRegression Model on Bubble Jet BJC8500

The Regression Model IS chosen as linear model in case of 14 order 4 terms,
2rdorder 11 terms, and 3rdorder 14 terms as well as 20 terms.
The investigation is not only the result of approximation by degree of order,

but also the number of terms in Regression Model.
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The comparisons in the Figure 5-2 through Figure 5-4 show that the order of
Regression Model significantly affects the approximated accuracy.

The 14 order has worst approximated accuracy in both of AEms and AEmx.
While the 2nd order has better accuracy and the 3rd order is the best approximated
model. The difference of the approximated accuracy between the best and the worst
is around 50% for the whole partition as shown in Figure 5-2.

Ftowever, It should be noted about the 3rd order that there is no significant
difference of AEms and AE tnax between the 14 terms and 20 terms. It is because the

extra terms arejust the combination of the same input signal.

5.4 Effect of the Partition Method on Bubhle Jet BJC8500

Figure 5-3 and Figure 5-4 show that the method of partition significantly
affects the approximated accuracy. By Comparison of both partition methods, it is
found that the AEms is reduced about 50 % for the | sorder, 38% for the 2rdorder, and
ahout the 30% for two of the 3rdorder. The AEmax is also same tendency as AE ms.

It should be noted that the best approximated accuracy is AEms = 3.31 and

AEmax = 12.10, which is resulted from combination of 9x9x9 LUT data size and

Tetrahedral partition.



55 Effectofthe Lu T data size on Color Laser Copier CLC1120

A figure 5-5 shows that the LU T data size also influences the approximated
accuracy as simple way. That is, when LUT data size IS increased, the AErms i

decreased. This is, in this case, also true for A € max,

56 Effectofthe orderofRegression Model on Color Laser Copier CLC1120

The comparisons in the Figure 5-5 through Figure 5:7 show that the order of
Regression Model IS Still a significantly affective of the approximated accuracy. For
9x9x9 LU T data size, The 14 order has worst approximated accuracy in both of AEms
and Aemax. While the 2rd order has better accuracy and the 3rd order is the best
approximated model. The difference of the approximated accuracy between the best
and the worst is about 30% for whole partition as shown in Figure 5-5.

There is some interested result for 7x7x7 LU T data size that its behaviour is
not simple as printer model of Bubble Jet BJC8500. The approximated accuracy does
not gradually decrease as the Degree ofRegression Model increases. It is because of
its highly non-linear characteristic model, as clearly shown in Figure 5-8. The 7x7x7
LUT data size IS Supposed to be too less to represent the major characteristic of the
Real Model to produce the high accurate approximated coefficients. However the
unexpected effect does not result in 9x9x9 LU T data size model which supposed that

LUT data size IS large enough to represent its major characteristic.
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BJC 8500 GAMUT houndary in SRGB Color Space
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Figure 5-8 The characteristic of the printer model (a)BJC8500 and (b)CLCI 120



5.7 Effectof Partition Method on Color Laser Copier CLC1120

Figure 5-6 and Figure 5-7 show that the method of partition significantly
affects the approximated accuracy. The approximated accuracy gradually reduces as
the Degree ofRegression Model INCrease. It is supposed to be the compensation of
the tetrahedral method.

It should be noted that the best approximated accuracy are aenns = 5.60 and

aEmax = 13.96, Which Is resulted from the combination of 9x9x9 Lu T data size and

Tetrahedralpartition.
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5.8 Effect of Overlapping partition

Figure 5-9 and Figure 5-10 are graphically show the printer gamut boundary
of each printer which divided as tetrahedral partition. Insres color space the neutral
axis of partitions is ¢ ray axis. The Figures show that the rinter gamut boundary IS
not asymmetric shape and position insr ¢ 8 color space. Thus, each partition does not
contain equally amount of Lu 1 data. Therefore each coetficient partition d0es not
evenly accurate approximate for each corresponding target partition 0f the real
Model.

The approximated accuracy, evaluated by a e ms and a e max, is only represented
as its overall performance but in particular. It does not indicate that how particularly
accuracy values distribute themselves in its boundary.

Nonetheless, the accuracy values are found that it’s gradually changed in its
boundary but among each partition. This is because the approximated model is
obtained from Linear Regression Model assumption. Figure 5-11 (a) shows the
sample of gray step, which approximated without partition method. The reproduction
is gradually changes in its boundary. This is also called as ‘c ontinuity".

While Figure 5-11 (b) shows the sample of gray step, which approximated
with partition method. The partition method is the sk e 8 color space which divided
by the plane of r+ 6 +8=383. Hence the wall of each boundary is at middle of ¢ ray
axis. The reproduction is not gradually change across this boundary. And this is also
called @ Discontinuity”.

Basically, the tetrahedral method groups the same color characteristic together

along the ¢ ray axis. The change of characteristic among each partition is hue. Thus,
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the approximated accuracy of each partition is also gradually changed along the ¢ ray
Axis but in hue direction.

To remedy this undesirable effect, It is necessary to extend the coefficient
partition t0 Overlap each other. This is a balance between the approximated accuracy

and the gradualness.
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BJC 8500 LUT data divided by Tetrahedral partition

Figure 5-9 The Printer Gamut boundary of printer model BJC8500 with Tetrahedral

partition



CLC1120 LUT data divided by Tetrahedral partition

Figure 5-10 The Printer Gamut boundary of printer model CLC1120

Tetrahedral partition
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with



(2) (b)

Figure 5-11 (a) The gray step that is approximated from the whole partition
(b) The gray step that is approximated from the whole partition method
divided by plane of R+G+B=383
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For tetrahedral partition method, each coefficient partition has 25 unit
extend boundary. This value is obtained from trial and error to approximate the real
model. |fthis value is too less, the boundary of coetficient partition Will close to
Target Partition. TNen the approximated of some color has the color error up to
at -so that is not accepted in practical use. This is because of the outer range of

LUT data boundary as discuss in section 3.4
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