CHAPTER 4

EXPERIMENT
4.1 Material
411 Paper
plain laser paper 100 gsm
Mitsubishi Paper for inkjet (gloss type) 120 gsm
412 Ink

* Process Toner for Canon Color Laser Copier 1120

» Process Inkjet inks for Canon Bubble jet BJC8500

42 Apparatus
4.2.1 Spectrophotometer
» Gretag spectrolino Scan
4.2.2 Digital Color Printer
*Canon Color Laser Copier 1120

» Canon Bubble jet BJC8500
4.2.3 Personal Computer

« Pentium m series

424 Software
« MATLAB R12
*  Adobe Photoshop version 6.0
* Microsoft Excel 97
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43 Procedure
431 Equipment setup

Personal Computer is properly connected to spectrophotometer and

digital color printer. The softwares and the drivers of all devices are installed.

4.32 LUT data creation

The LUT dafa is created by Matlab in RGB device color space. There
are two sets of LUT data: 1) 343-color patch, 7x7x7 evenly uniform divided in RGB
device color space, 2.) 729-color patch, 9x9x9 evenly uniform divided in RGB device

color space.
4.3.3 Printer calibration and color chart printing

The printer is calibrated regarding the manufacture specification. Then
the Input Signal [Xiuth are sent to print by Adobe Photoshop with default program
parameters and without any color matching function as shown in Figure 4-1. The
results are color chart which is correspond to each set of Input Signal [Xut

| 2.00266 (dc1
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Figure 4-1The schematic diagram of the LUT data generating

434 Color chart measuring

The printout of color chart is measured by spectrophotometer to obtain
the CIEXYZ.. numerical values. Then they are converted to SRGB numerical values,

by following coefficient of transformation:

DG 04124 03576 0.1805 R{AR

0B = 02126 07152 00722 GHEB

g 00193 01192 09505 ARB

B - (4-1)
Recs ' 32410 -15374 -0.4986' OffF

Gatp - 09692 L8760 0.0416 VO

Ny 00556 -0.2040 LOST0  apgs

The measured values are stored in the LUT. And, each LUT is
converted to he Backward LUT data (qT).
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435 Proposed method origination

The proposed method of this research is to apply the 1st 2nd and 3rd
order lingar regression to the Backward LUT data (T in sub-diviced color space.

The alternatives of partitioning color space are: tetrahedron divided by plane

R+G+B=384 and whole space as shown below.

4.35.1 Order of Regression Model

o First Order 4 terms (3x4 coefficient matrix)
Rrgb —ao+aiR]+a2R2 +ajR|
Grgb - b0+hiRi+b2R2 +hsRs

Brgb —C0+CIR 1+C2R 2 +C3R 3

(42)

o Second Order 11 terms (3x 11 coefficient matrix)
Rrgh = aotaiRi+a2R2+a3R3+a4R4+a3R3+abR6+ayR7+asRs+acRe¢
Grgb = bo+hiRj+byRy+byRs+bgRg+bsRs+bgR/s+byRy+hsRg+hgRy
Brgb = Q+C1R 1+C2R 2+C3R 3+C4R 4+C5R 5+C6R 6+C7R 7+C8R 8+C9R 9

(43)
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o Third Order 14 terms (3x14 coefficient matrix)

Rrgb = a0+aiR [+U2R2+CI3R3+GARA+ /% +{ith1 %+ 11?1 +asi?s+a1/% + (1 10R10
+0-i2Ri2+ai3Ri3

Grgb  ho+hiRi+b2R2+b3R3+b4R4+b5R5+hBR6+DTR7+h8RE+0IRI+hi()Rio
+bI2R12 +hI3RI3

Brgb = C0+C1R 1+C2R2+C3R 3+C4R 4+C5R 5+C6R 6+C7R 7+C8R 8+C9R 9+C10R 10

+C12R 12 +C13R 13

(4)

o Third Order 20 terms (3x20 coefficient matrix)
Rrgb = ClotalRI+ER2+ 374+ 5[5+ (/5+ 1/2+6) 28+ 4[24 /0110

+Cl12R12 +ai3Ri3+ai4Rid+ai5R]5+ai6Ri6+ai7Ri7+aiBRi8+ai9RI9
Grgb — DU +EYHEIS+AMIES AL GHE, T/7+E> [? +E59/4£>I0RI0

+bI2R12 +bI3RI3+bI4RIA +bi5Ri5+bi6RIG+hITRIT+bIBRIB+bIIRIY
Rrgp = CotCiity+Can+Cj3+c™+Cjr5+C(517g+CT/27+Q/28+C729+Clof?70

+ C12R 12 +C13R 13+C14R 14+C15R 15+C16R 16+C17R 17+C18R 18+C19R 19

(9)

where; Rt s a function of [YILRCE] that a combination of three parameters as

follow:

Ri=RR3
R2= Gsrgb

R3—Bsrgh
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4= RRGB .Gsrgb
R-5—Gsrgb -Bsrgb
Ro=Bargh RAB
T=REG)?
R8=(Gsrgh)2
R¢=(Bsrgb)2

RIO= RsRGB-GsRGB Bsrgh
R.,i=(Rsrgb)3
Ri2=(Gsrgh?

Ri3= (Bsrgh?
Rid=Rergh)2:CGargp
Ri5={Garep)2-Borcp
Ri6-(Bagh)2.RAB
Ri7= RHAB-(Gorgh)2
Rig= CagpIBRBy
R19= Brgh-(RAH)2

4.3.5.2 Partition Method

* Whole space

This method uses all of the LUT cata to calculate the
coefficient. The Coefficient Partition and Target Partition are the same boundary.
The Overlapping Pratition is not exist.
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»  Tetrahedral method divided by plan of R+G+B = 383
The SRGB color space is divided into tetrahedral SUD-Space and

divided again by the plane of equation R+G+B =383,

Coefficient Partition is follows the condition below.

Section 1

Rergh > (GRCB-25), GR®B> (Bargh-25) and R+G+B >383
Section 2

RRB > (GRB-25), Gagh> (Bagp-25) and R+G+B <34
Section 3

Rergh> (Bsrch-25), Bsrgp > (Gsrgp-25) and R+G+B > 383
Section 4

RAB> (BRB-2), Bath > (Gago—25) and R+G+B <34
Section 5

Gath > (RAB-25), RRB> (Bargp-25) and R+G+B > 383
Section 6

Gargp > (RRB-25), RRB> (Bagp-25) and R+G+B <384
Section 7

Gerp> (BROB25), Barcp > (RR®-25) and R+G+B > 383
Section 8

Gargp > (BRB-25), Bagh > (RRB-25) and R+G+B <384
Section 9.

Brgp > (RAB-25), Rah > (GREB-25) and R+G+B >363
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Section 10

Bsrgh > (Rsrgo-25), R > (Gergh-25) and R+G+B < 334
Section 11

Bsrgh > (Garg-25), Gargh > (Rergh-25) and R+G+B > 383
Section 12

Bargh > (Gsrgh-25), Gargh > (Rergh-25) and R+G+B <384

And, Target Partition is follow the condition below.

Section 1

Rergh > GHB>Bargh and R+G+B > 383
Section 2

Rerg > Gsro > Bsrgh and R+G+B <334
Section 3

Rsrgp > Bargp > Gsrgp and R+G+8 > 383
Section 4

Rereh > Bargh > Gargp and R+G+B < 384
Section 5

Gargh >Rsrep >Bargp and R+G+B > 383
Section 6

Gergo >RRB>Bargp and R+G+B <334
Section 7

Gagh > Bargp>Rargp and R+G+B > 383
Section 8

Gsrgb > Bsrgb > Rsrgb and R+G+B < 384
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Section 9.

BR®B>RRB> Gsrgp and R+G+B >383
Section 10

BR®B> RAB> Cergy and R+G+B <334
Section 11

BHB> Gagp> RAB and R+G+B > 383
Section 12

BRB>GRB>RAB and R+G+B <384

The Overlapping Partition, in this case, is 25 unit for each
section. Then, the overlapping boundary of each pair of partition is 50 unit. Matlab

Program 0L is used to simulates those methods to retrieve each coefficient.
436 Proposed analysis method

The Testing data uses to test the performance of each algorithm, is
applied to each algorithm which is also done by Matlab Program 0L Figure 4-2
shows the schematic diagram of the evaluation process.

The printout of those Testing data are measured by spectrophotometer
to obtain the CIELAB numerical values,
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Figure 4-2The methodology of analysis

4.3.6.1 Proposed method analysis

The Testing data in SRGB color space are converted to CIELAB
color space to compare with the measured CIELAB.

The result is performed by the equation in XXX,

4.3.6.2 Testing data

Tl are 14x14x14 data which is evenly sampling of whole

SRGB color space. Then, they are croped by color gamut of printer, denoted as:

[RRGBUT] = [ TRuri, ot Toun] (44)

Tt are domain of signal in backward LUT data, denoted as:

[JsRGB-lutli = [T r.wi, Tc-lut, TB-lut]i (4-7)
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Tdo are global signal testing data, denoted as:
[JRBgoh=[ T, Teglo, Ts-glon (4-9)

The response of testing data by Q~\ denoted as:
[LLau, (pL]i= [ Lun, (L qun, (o2, b, (]
Clabit p]i=[Lut (o1 Citp !btp i (49)
[Lzoga (p1]1=[Lga ., ada (>, bda o Ji

The approximated value of testing data by 0, denoted as:
[z, dfi=[Lni, 9 Qu, 0> b, 9]
[Tt e1:= [Lit o, akt e, bit el (4-10)
[Lizbga. Ji{da o, G Qbgai
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