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Abstract  
The objective of this research is to produce output prints that are 
spectrally matched to original colors. The spectral characteristic 
curves of cyan, magenta, yellow and black inks have been obtained 
for 10%,25%, 40%, 50%,75% and 100%.dot areas. The spectral 
curves of two color, three color and four color combinations are 
also obtained. From the curves, it has been seen that a single 
equation for all tonal variation if not sufficient to describe the 
color conversion In this study, a model having spectral hue error 
correction factors are proposed. It has been observed that the 
equation is dependent on tonal variation. The correction factors 
are different from low key to high key images. The factor 
dependent on tonal variation can be incorporated in the equation 
keeping other parameters same. The output print quality has been 
assessed in different printers. Experiments are made on Yule-
Nielson modified Neugebauer model with different n for tonal 
variation. The suggested model offers better color matching with 
minimum E

00. 

Introduction 
In this study, the characterization of printer is based on the tonal 
variation. The simplest printer model is the ideal ink or Block Dye 
model where the colorant amount required depends on the input 
RGB values. But the spectral absorbance characteristics of the 
subtractive primaries do not correspond to this.  

The physical printer models predict the relationship between 
reflectance and dot area. Among the models, Yule-Nielson 
modified Neugebauer equation predicts the reflectance of a colored 
halftone as a function of the fractional dot areas of the primary 
colorants. The spectral extension of the model is computationally 
more complex. 

Imai and others1 estimated the area coverage for CMYK inks using 
the transformation matrix, that was obtained by inverting the 
printer model.  

The dot area estimation in this way requires extensive 
measurement and complex algorithm.  

Theory 
The most widely used model is the ideal ink or Block dye model 
where the amount of cyan, magenta and yellow inks are calculated 
from R, G, B data. 

The spectral characteristics of the cyan ink show that cyan absorbs 
green and blue lights along with red light. Similarly, the spectral 
curves of magenta ink show that it not only absorbs green light, but 
also absorbs red and blue light. The unwanted absorption is 
minimum for yellow inks. This unwanted absorption has to be 
taken into account while modeling the printer. As the primary 

colorants are deviating from their ideal characteristics, the cyan 
appears bluish, magenta appears reddish and in effect all colors are 
deviated from the predicted colors. Bandyopadhyay et.al. proposed 
a model considering these facts.1 The unwanted absorption and 
thus the relative color cast has to be estimated and incorporated in 
the model. A parameter known as spectral hue error is introduced 
to assess the unwanted relative absorption (or reflectance) of the 
inks as follows: 

The spectral hue error is defined as follows: 
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where x, y, z are The trichromatatic coefficients or the 
CIEchromaticity coordinates of cyan, magenta and yellow inks, 
calculated from tristimulus values.3 The advantage of the CIE is 
that the data correlate well with visual match. 

The model considers the unwanted absorption of the basic three 
subtractive primaries where the unwanted absorption is expressed 
in terms of the spectral hue error. According to the model, 

C = 1-(1+HR
c
) * R  (4) 

M = 1-(1+HR
m
) * G (5) 

Y = 1-(1+HR
y
) * B  (6) 

The hue errors depend on the spectral characteristics of ink. 
Moreover, it varies with dot area also. As the dot area decreases 
from shadow to highlights, its spectral characteristics continues to 
change because of the effect of the spectral characteristics of the 
substrate. Hence the HR parameters are not constant but vary with 
dot areas.  

The result of this hue error is the unwanted increase in the optical 
density of the output and reduction in the reflectance values of the 
output. Besides this, the physical and mechanical dot gain also 
increases the density and effectively reduces the reflectance. It 
results in images of lower brightness and chroma.  

In the present study, a correction factor has been introduced in the 
model which is dependent on dot areas. 
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Hence the equations (4) to (6) has been modified as follows:  

C = 1-(1+HR
c
)α * R (7) 

M = 1-(1+HR
m
)β * G  (8) 

Y = 1-(1+HR
y
)χ * B   (9) 

where α, β and χ are the correction factors for cyan, magenta and 
yellow ink and are dependent on dot areas. 

Experiment 
To study the printer characteristics, 10%, 25%, 40%, 50%, 75% 
and 100% of cyan, magenta, yellow and black dots with their two, 
three and four color superimposition were taken. The prints are 
taken in three different printers HP930C, Epson Color 640C and 
HP PSC500. The results are taken on plain paper as well as on 
photo quality paper. The prints are taken with C, M, Y predicted 
from the equation (7) to (9) disabling color management and 
enhancement. 

The characterization was started with the printing of the 
Neugebauer primaries by printing inks at full coverage and their 
overprints. 

GretagMacbeth Spectrolino Spectrophotometer and reflection 
densitometer were used for the measurements. 

The wavelengths of the spectra were taken throughout the visible 
range from 400 nm to 700 nm wavelength. 

Results and Discussion 
Figures 1, 2, 3 and 4 show the spectral characteristic curve of10%, 
40%, 75% and 100% of cyan ink in HP 930 C printer. The dotted 
lines show the spectral characteristic curves of the 10%, 40%, 75% 
and 100% dot areas of the cyan ink using the proposed model. 

Figures 5, 6, 7 and 8 show the spectral characteristics of 10%, 
40%,75% and 100% magenta ink using tha same printer. It has 
been observed that the deivation is less for higher dot areas.  

 

 

 

 
Figure 1. Spectral characteristics of 10% cyan dot 

 
Figure 2. Spectral characteristics of 40% cyan dot 

 
Figure 3. Spectral characteristics of 75% cyan dot  

 
Figure 4. Spectral characteristics of 100% cyan dot 

 
Figure 5. Spectral characteristics of 10% magenta dot  

 
Figure 6. Spectral characteristics of 40% magenta dot 
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Figure 7. Spectral characteristics of 75% magenta dot 

 
Figure 8. Spectral characteristics of 100% magenta dot  

 
Figure 9. Spectral characteristics of 10% yellow dot 

 
Figure 10. Spectral characteristics of 100% yellow dot  

Similaly, spectral characteristic curve of yellow ink for varios dot 
areas are taken. Figure 9 and figure 10 show the curves for 10% 
and 100% yellow dot areas using HP 930 C printer.  

Experiments were carried out with two color, three color and four 
color superimposition. 

It has been observed that the devations are of similar nature in the 
highlight aras for different colors. However the nature varies 
widely for midtone and shadow areas. Considering this factor, 
three different correction factors are introduced for three primary 
colors cyan, magenta and yellow. 

The color conversion has been done on 10 different sets of images 
varying from low key to high key variations. It has been observed 
that the color difference can be kept minimum using different 
correction factors for the primary colors. 

It has been observed that spectral hue error with correction factor 
can be used successfully for printer haracterization with less color 
difference. 

Conclusion 
Τhe printer characterszation depends on tonal variation. The 
correction factors incorporated in the proposed model depend on 
spectral characteristics as well as dot areas. Further studies may be 
made for formulating general equation of correction factor 
depending on dot areas. 

References 
1.  A New Model of Printer Characterization Bandyopadhyay Swati, Paul 

Tapan, Roychowdhury T and Bandyopadhyay Sivaji, Proceeding if NIP 
20, IS&T (2004) 

2. Francisco H. Imai., David R. Wyble and Roy S. Berns, A Feasibility 
Study of Spectral Color Reproduction, J. Imaging. Sci. and Technol., 
47, 543(2003). 

3. John A.C. Yule, Principles of Color Reproduction, pg. 12 (2000) 
4. J. S. Arney and C.D. Arney, Modelling the Yule-

Nielsoneffect,J.Imaging. Sci. and Technol., 40, 233 (1996). 
5. Phil Green, Characterizing hard copy printer, Color Engineering, 

pg.221. (2002) 
6. Roy S. Berns, Challenges for Color Science in Multimedia Imaging, 

Colour Imaging, Vision and Technology, pg. 99 (1999) 
 
Author Biography 
Dr. Swati Bandyopadhyay received her B.E. degree in Chemical 
Engineering from Jadavpur University at Kolkata, India in 1987 and Ph. D. 
(Engg.) from the same University in 1995. Since 1990, she has worked as a 
lecturer of Printing Engineering Department in Jadavpur University. Now, 
she is working as Reader and Head of the Department of the department. 
Her work is primarily focused on image quality of ink jet printer and color 
theories. She is a member of IS&T and IIChE.

 

21st International Conference on Digital Printing Technologies Final Program and Proceedings 439


	33264
	33265
	33266
	33267
	33268
	33269
	33270
	33271
	33272
	33273
	33274
	33275
	33276
	33277
	33278
	33279
	33280
	33281
	33282
	33283
	33284
	33285
	33286
	33287
	33288
	33289
	33290
	33291
	33292
	33293
	33294
	33295
	33296
	33297
	33298
	33299
	33300
	33301
	33302
	33303
	33304
	33305
	33306
	33307
	33308
	33309
	33310
	33311
	33312
	33313
	33314
	33315
	33316
	33317
	33318
	33319
	33320
	33321
	33322
	33323
	33324
	33325
	33326
	33327
	33328
	33329
	33330
	33331
	33332
	33333
	33334
	33335
	33336
	33337
	33338
	33339
	33340
	33341
	33342
	33343
	33344
	33345
	33346
	33347
	33348
	33349
	33350
	33351
	33352
	33353
	33354
	33355
	33356
	33357
	33358
	33359
	33360
	33361
	33362
	33363
	33364
	33365
	33366
	33367
	33368
	33369
	33370
	33371
	33372
	33373
	33374
	33375
	33376
	33377
	33378
	33379
	33380
	33381
	33382
	33383
	33384
	33385
	33386
	33387
	33388
	33389
	33390
	33391
	33392
	33393
	33394
	33395
	33396
	33397
	33398
	33399
	33400
	33401
	33402
	33403
	33404
	33405
	33406
	33407
	33408
	33409
	33410
	33411
	33412
	33413
	33414
	33415
	33416
	33417
	33418
	33419
	33420
	33421
	33422
	33423
	33424
	33425
	33426
	33427
	33428
	33429
	33430
	33431
	33432
	33433
	33434
	33435
	33436
	33437
	33438
	33439
	33440
	33441



