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The characterization of a color-imaging device, such as a digital color printer,
defines a relationship between the device-dependent color space and device-independent
color space, typically based on CIE colorimetry. This stands on empirical models, which
do not exactly require knowledge of the physical properties of the printer as they rely only
on the measurement of large number of color samples and computational approach.

This research proposes a new method to improve the accuracy of color
transformation that using of coefficient matrices in sub-divided color space. The
coefficient matrices obtained from Is order with 4 Terms, 2nd order with 11 Terms and 3rd
order with 14 as well as 3rd order with 20 Terms of linear regression model. While the
partition methods are tetrahedral divided by a plan of R+G+B=383, and cubic without
partition. The new method resulted in the high accuracy color transformation with color
differences aems=3.31 and ae mix=12.10. AS compared with conventional linear 1 order
without partition, the color transformation errors could be extremely reduced.

2543 |



ACKNOWLEDGMENT

| would like to express my sincere appreciation to my advisor, Associate
Professor Dr. Aran Hansuebsai, and my co-advisor, Mr. Yujiro Ando, Head of Thai
Project of Canon Incorporation for their kind supervision, invaluable guidance and
constant encouragement, for their review of the thesis content.

Thankful to Associate Professor Pontawee Pungrassamee, for her invaluable
suggestions through the experiments.

| would like to thank the thesis committee for their comments and invaluable
suggestions. And also Mr.Manuswin, Union TSL Limited for the equipment supports,

Thanks also especially go to my companions; Somporn Suksawad, Julegpom
Kunlayajitkoson, ~ Supachai ~ Theravithayangkura, Kitirochna  Rattanakasamsuk,
Noparat Kaew-on, Yannawit Bangchokdee, Premsuda Ruthaijetcharoen and
Ms.Saranya Pouvilai(Yimlamai) who have charitably participated suggestions and

given me moral supports as well as invigorated me throughout this entire work.

| am very grateful to my family, my friends for giving me a reason to be a
member here, also for their supports, endless concerns and love. Finally, 1 would
express my deeply thank to Rumi Yamauchi for giving me an encouragement and
inspiration to complete this work.

Prasit Cunthasaksiri



CONTENTS

PAGE
ABSTRACT(IN THAID.occvvsvvsvvmssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnon v
ABSTRACT(IN ENGLISH).....occomrvisvmssmsisssssssmssssssssmsssssssssssssssssssssssssssssssses v
ACKNOWLEDGMENT ...ovocvvsrvmssmssssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssinn vi
CONTENTS oo vssvnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnon vii
LIST OF TABLES.....cvvvvvvssssissssssssssesisssmssssssssssssssssssssssssssssssssssssssssssssssses Xi
LIST OF FIGURES......ococvmsvssnmssssssmsssmsssssisssssssssssssssssssssssssssssssssssssssssns Xii
CHAPTER 1 INTRODUCTION
L1 ODJOCHIVE . crvvvrssvvvssssirnsensiessmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 5
12 SCOPE OF the RESBAICN.....cccevivvnivvssirivnsssvrssssssssssmssssssssssssmssssssssssssssssssssssns 5
13 Content 0f the THESIS.....ccocivivrmiissiitisisserssesssssssssesssesssssssssssssssssssesens 5
CHAPTER 2 THEORY AND LITERATURE REVIEW
2.1 Theoretical CONSIABIALIONS....cu.cvvvversrsrisserssibenssensssesssssssssesssessssssssssessssens 1

211 Uniform colour spaces and colour differenCes.......uuuvvmmmmmvmsmmsssssrsssssnn 9
212 SRGB COIOF SPACE......ovcerrrrmssrvsmssmssssssssssssssssssmssssssmsssssssssssssssssssssssssnsns 1
213 Regression ANAIYSIS......rmrmmmmmsmsmmssmssimssmsssmmssssssssssssssssssssssssssssssees 12
214 3D-INTRrPOIALION....ovccvvrrccvsrscssvrssssssssssssssssssssssss s 15
2.2 LIErature REVIEWS......ccccivvvesmvvvsssssssssssssssssssssssesssness 16
2.2.1  High Precision Color Masking in Sub-divided CEELAB Polar
COONTINALES SPACES....vvvvvsvvvvrssrvsssssssssssrssssssssssssssssssssssssssssssssssssssssssssnes 16

222 Representtation of Color space Transformations for Effective Calibration
and Control 17



Vil

CONTENTS eontinued)

PAGE

CHAPTER 3 OVERLAPPING TECHNIQUE APPROACHING
THE COEFFICIENT OF TRANSFORMATION

31 Schematic of Typical Model ReIQtION.......ccccvvurvvmssvrmsmvvnssmsssssnssssssmsssssnenns 19
3.2 Method of Characterization with Least Square MatriCeS...........cuuurvrmmrrvssssrnnn 20
321 LOOK-UP TaBIE (LUT).oovviivvrsiimmssrmvmmssmmsmsssmssmssmssssssmssssssssssssssssssssssssens 20
322 INVEISE LUT cooviiiirisssnsinmsssssmsmsssssmmsssssssssmssssssssssmsssssssssssssssssssssnsses 2
323 The Multiple Linear Regression MOdel.........ccccvmmmvmmsssrmssnnssesssnnns 22
3.3 Tetrahedral Partition Method.........cc..vvevviscrssnenssnn 24
34 The Propose MELN0C.......couueuvvmsrrvmmmiumsssssmsmmsmmsssssmsssssrssssssmsssssssssssssssssrssssees 26
341 COBffiCIENt PAMILION....ovvcciivvcscsssiesssssnssssssnsssmsssssssssssssssssssssssssssssssnnns 21
342 Target PAMtIION.....cooiivvcesssssssssisismmssmssssssssmsssssssssssssssssssssssseens 21
343 OVerlapping PArtItiON....wvsumvssmmmmmssimsssssrsssssrmssssssssssssssssssssssssssssssnes 28
3.5  The categories of the TeStING DALA........curvvvmrrvvmmmmmmmmssssmmssssmssssssrssssssssses 29
3.6 Evaluation of AIGOTTtNM......cccccvveccsvrsssssrssssssssssssssssssssssssssssssssssssssssssees 3l
CHAPTER 4 : EXPERIMENT
AL MALEITAL.....oovvovvvrvsssssvssssssssssssssss s s s s 34
B2 ADPATAIUS..oovevvvvvvresssssevssssssssssssssssss s 34
3 (0T 1O 35
431 EQUIDMENE SELUD.....ovvservvmssrmvrsssmssmsssmsssssssssssssssssssssssssssssssssssssssssssssssnns 3
A W I 0 0 Y 3

433  Printer calibration and Color chart Printing..........cueevvevsmvevsssmevmssnsessnn 35



CONTENTS(continued)

PAGE

434 Color Chart MEASUTING........ocrvvvrsrvrsssrmsmsssmsssssrsssssssssssssssssssmsssssssssssnnes 36
435  Proposed method Origination.........vverrvmssmmsmssmmssmsmmsssssrssssssssssssnens 37
4351  Order of Regression Model.........c.ccummvvmerrirns 31
4352 Partition MEtNOG...........ccuuvvvvsvvmsmenssirnsmsssmessssssssssssssssssssssssssnnes 39
43.6  Proposed method analySiS.....c.ccuuurvrmmmrrvmssrrenen N 42
4.36.1  Proposed method @NAIYSIS......uvmerrvvmssrvvmsmmmsmssmmsssssmssssssssssssrsssssneens 43
8362 TESHNG UALA. ..o vcrvcvrsrvrnsssssssssssssmsssssmssssssmsssssmsssssssssssssssssrssns 43

CHAPTER 5 RESULTS AND DISCUSSION
5.1 Effect of Model, LUT data size, Partition method and Degree of Regression

MOTRL..oovecerercsenrnsnesns e R b 140 sessssssssssssesssssssssssmessasnessasnesss 48

BLL  MOUEI OF PRINEEN......ooovececerescsssssssssisnscsssssssnsssssssnssssssssssssssssssssssenss 48
D12 LUT GAtA SIZEuurrrvvvsivvsssssssssmmsmmssssmssssssnssssssmsssssssssssssssssssssssssssssssnes 48
.13 Partition MELN0U.......occvvvvrrvvvssrvvmssmsssssssssssnnns sesssmssssssmssssssssssssssssens 48
.14 Degree of Regression MOGel..........vvvvrmvrmsmmvmmssnmsmsnmssssmssssssmssssnnens 49
N T 0 11T o L RO 49
5.2 Effect of the LUT data size on Bubble Jet BIC8500..........c.ccomurmvvmscvvrssrvrrssen 55
5.3 Effect of the order ofRegression Model on Bubble Jet BJC8500...........c000.... 55
54  Effect of the Partition Method on Bubble Jet BJC8500..........ccoccnvrvvmssrevrsssrnn 59
5.5 Effect of the LUT data size on Color Laser Copier CLC1120.......vvvcvrvsivns 60
5.6 Effect of the order ofRegression Model on Color Laser Copier CLC1120......60

5.7 Effect of Partition Method on Color Laser Copier CLC1120......c..covrvvvvsrrvnnn 65



CONTENTS(continued)
PAGE
5.8  Effect of Overlapping Partition..........mvvumvvmsmmmmmssmmsssmmssmssmsssssmsssssssssssnens 66
CHAPTER6 CONCLUSION AND SUGGESTION
0.1 CONCIUSION.....vvvvvvrrrssisrssssssrsssssssssssssssssssssssssssssss s 12
0.2 SUQQBSTION...vvvvvsrvvrssrvrrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 14
REFERENCES......cvvsvvsnvsssnssssssissssssssisssssssssssssssssssssssssssssssssssssssssssssssssnes 15
APPENDIX oo voovvssvvsssssssssssisssssssssssissssisssssssssssssssssssssssssssssssssssssssssssssssssons 1



XI

LIST OF TABLES

TABLE PAGE
5-1  The approximated accuracyof the Canon BJC8500 for 7x7x7 LUT data.........51
5-2  The approximated accuracyof the Canon BJC8500 for 9x9x9 LUT data..........52
5-3  The approximated accuracyof the Canon CLC1120 for 7x7x7 LUT data.........53
5-4  The approximated accuracyof the Canon CLC1120 for 9x9x9 LUT data.........54



Xl

LIST OF FIGURES
FIGURE PAGE
2-1 Schematic diagram of the regression method............ ® e 13
2- 2 Comparison of the Minvar algorithm to Tetrahedral interpolation................. 18

3- 1The schematic diagram of typical relationship of Input and Qutput Signal......19

3-2 Tetrahedral partition method divide a cube in to SiX SUD-SPACES......c.vvvesrvvrrsere 25
3-3 Tetrahedral partition IN'sRGB COIOT SPACE.....vcvvvvvsvrvvmssrvrmssrmsnsssrissssrssssssrsssss 26
3-4 The Input Signals [YJi which are out sicle of the LUT data boundary....e. 27

3-5 A partition, which is extracted to cover corresponding target partition............ 28

3-6  Testing data Tuni uniformly distribute around printer gamMUt..........c.vvevvvesrnnee 29
3-7 Testing data Tiut un-uniformly distribute around printer gamut............uevvvvesvrens 30
3-8 shows schematic diagram of the testing algorithm Process........uweervrssrevres 30
4- 1 The schematic diagram of the LUT data GeNEratiNg..... ccoovcvsrvrmsssrvrssrsssssrennns 36
4-2 The methodology O ANAIYSIS......ccmmmmmmmmmmmmnsrnmsssmsssssssmsssmsssssssnns 43

5- 1 ThePrinter Gamut boundary of printer model BJC8500 and CLC1120........46
5-2 Comparison of the 498 and 497T-uni approximated accuracy of 7x7x7 and

OXIX9 LUT A SIZE.vvvrvvvvsvvvvssnvrssssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 56
5-3 Comparison of the 1226T-glo approximated accuracy of Whole and Tetral2

WIth 9XIX9 LUT UtA SIZE..vvvvvvvsvvvvssrvsmsssmsssssssssssssssssssssssssmsssssssssssssssssssssssens o7
5-4 Comparison of the 841T-glo approximated accuracy of Whole and Tetral2

WItN 7XTXT LUT 08 SIZE...ovvvvvveessciivsesssssssssesssssssssssssisssssssssssssssssssssssssssssns )

5-5 Comparison of the 497 and 501T-uni approximated accuracy of 7x7x7 and
() (I U 0 ] OO 61



X1

LIST OF FIGURES(continued)

FIGURE PAGE
5-6 Comparison of the 1230T-glo approximated accuracy of Whole and Tetral2

WIth 9XIX9 LUT 0aLA SIZE..vvcvvvvvvccvvvvssssssrnsssnssssssssssssssssssssssssssssssssssssssssssess 62
5-7 Comparison of the 840T-glo approximated accuracy of Whole and Tetral2

WIth 7XTXT LUT 0 SIZE.vvccvvvvescvvvrnsssssssssssssssssinsss somssssssssssssssssssssssssssens 63
5-8 The characteristic of theprinter model (2)BJC8500 and ( )CLC1120.........cc... 64
5-9 The Printer Gamut boundary of printer model BJC8500 with Tetrahedral

PATEIEION. oo vessvvvs st s s s s s s s 68

5-10 The Printer Gamut boundary of printer model CLC 1120 with Tetrahedral

PATEIEION. oo seessss s s s s s s 69

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
DY PlaNg OF R + G + B 2383 v 10



	Cover (Thai)


	Cover (English)


	Accepted 

	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



