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Screening dot is the basic printing element to reproduce continuous image and to form the printing image. Printing quality depends on the transfer quality
of the screening dot. It is important to control the dot gain, sharpening, deformation, doubling and slur. In practice, some specific quality control
techniques are used to monitor the screening dot variation. For dot gain control technique, multi-colour scales are often used to investigate dot gain or tone
change. This article aims to investigate the secondary colour dot gain in electrostatic digital printing, by considering dot gain of the colour scales, Cyan,
Magenta, Yellow, Blue, Red and Green. The relations between secondary colour dot gain and primary colour dot gain are studied. Three primary colour
scales, Cyan, Magenta, Yellow, and three secondary colour scales, Blue, Red and Green, are designed from 2 % to 90 %. The colour scales are output by
electrostatic colour press and measured by spectrophotometer. The dot gain of the secondary colour scales is modelled according to the dot gain rules of
the primary colour scales using multiple linear regression method. The results illustrate that the dot gain of secondary colour changes with the dot gain of
primary colour scales synchronously, and that further research is needed to make for dot gain compensation and printing process control.
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Istrazivanje modela sekundarnog kolorno opti¢kog rasterskog prirasta u elektrostatickim digitalnim kolornim otiscima

Izvomi znanstveni ¢lanak
Rasterski element je osnovni tiskarski element u reprodukeiji kontinuirane slike i stvaranju otisnute slike. Kvaliteta tiskanja ovisi o kvaliteti prijenosa
rasterskog elementa. Vazno je pratiti prirast rasterskog elementa, izoStravanje, deformaciju, udvostru¢enje i pojavu mrlja. U praksi se koriste neke
specifi¢ne tehnike nadgledanja kvalitete u pracenju promjena rasterskih elemenata. Kao metoda pracenja prirasta rasterskih elemenata ¢esto se koriste
multi kolorimetrijske skale za istrazivanje prirasta rasterskih elemenata ili promjene tona. Cilj je ovoga rada ispitati prirast rasterskog elementa sekundarne
boje kod elektrostatickog digitalnog tiska, razmatrajuéi prirast rasterskog elementa kolorimetrijskih skala ciana, magente, zute, plave, crvene i zelene.
Proucavaju se odnosi izmedu sekundarnog kolorimetrijskog prirasta rasterskih elemenata i primarnog kolorimetrijskog prirasta rasterskih elemenata. Tri
primarne kolorimetrijske skale, cian, magenta, Zuta, te tri sekundarne kolorimetrijske skale, plava, crvena i zelena, dizajnirane su od 2 % do 90 %.
Kolorimetrijske su skale postavljene elektrostatickim tiskom u boji te mjerene spektrofotometrom. Prirast rasterskog elementa sekundarnih
kolorimetrijskih skala modeliran je u skladu s pravilima o prirastu rasterskih elemenata kod primarnih kolorimetrijskih skala primjenom metode viSestruke
linearne regresije. Rezultati pokazuju da se prirast rasterskog elementa sekundarne boje mijenja istodobno s prirastom rasterskog elementa primarnih
kolorimetrijskih skala, i da je potrebno daljnje istrazivanje za kompenzaciju prirasta rasterskog elementa i kontrolu postupka tiskanja.

Kljucne rijeci: prirast rasterskog elementa; Murray-Davis formula; viSestruka linearna regresija; primarna kolorimetrijska skala; sekundarna

kolorimetrijska skala

1 Introduction

Screening dot is the basic unit to form printing tone
level and to reproduce colour in printing process [1, 2].
And it is the basic unit of halftone image. Colour
reproduction, tone level reproduction, and image texture
reproduction are determined by the screening properties
in colour printing [3, 4]. Dot gain is an inherent property
for printing in actual production process [5]. What we
should note is that dot gain has a great effect on colour
reproduction in colour printing. For example, the overall
contrast of image would change because of dot gain in
printing monochrome or colour halftone image [6, 7].
Moreover, the image details and sharpness would lose
too. In addition, dot gain also causes the loss of contrast,
tinting of shadow tone area, and the sudden change of
tone level or colour [8, 9]. Consequently, it is important to
control the dot gain and to compensate the tone change
caused by the dot gain to ensure the printing quality [10,
11]. Dot gain within a control to a certain extent is good
to colour reproduction.

2 Types of dot gain
Dot gain is a phenomenon in printing process which

causes printed material to look darker than intended.
Usually it is caused by halftone dots growing in area

between the primary printing film and the final printed
result. It is often defined as the increase in the diameter of
a halftone dot during the prepress and printing processes.
Dot gain is classified into two types, i.e., mechanical dot
gain and optical dot gain. Mechanical dot gain is often
caused by the mechanical pressure and the paper slipping
caused by the distortion of the blanket in printing process
[1, 9]. The dot gain perceived is usually made up by the
actions of mechanical dot gain and optical dot gain [12].
However, it is the optical dot gain that leads the key role
in digital colour printing, e.g. inkjet printing and
xerographic digital printing [13, 14, 15].

2.1 Analysis of optical dot gain

The dot gain would not occur if the outgoing light of
dot and blanket parts reflected along the incident plane
respectively in digital printing [16, 17]. However, the
optical dot gain would occur when some incident light of
the dot reflected from the blank part, not from the dot part
or some incident light of the blank part reflected from the
dot, not from the blank part. It can be shown in Fig. 1.

In Fig. 1, the light causing optical dot gain is near the
injection boundary of dot area and paper surface. For
incident light 1 injecting from paper surface, some, la,
reflects from the paper surface while some,1b, injects the
paper inside and then goes out from the paper surface
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except the absorbed. For incident light 2 injecting from
dot area, some, 2b, reflects from ink surface, and some,
2d, passes through the ink layer and goes into the paper
inside and some of 2d goes out of the paper through the
ink layer except the absorbed. So the total amount of
outgoing light or related total light reflectivity perceived
can be computed as follows:

R =(1- A)xR\y+AxR',, (1)

where, R, is total light reflectivity which consists of two
parts such as the reflectivity of blank paper surface,
(1-A4)xR'y, and the reflectivity of dot area, AxR',. A is
dot area. R’y is the effective reflectivity of paper, and R’ is
effective reflectivity of solid dot.

light 3 light 1 light2 light 4

blank part
3a 3b b 1la

X

paper

Figure 1 Optical dot gain
la — light reflected from paper surface of light 1; 1b — light transmitted
from paper inside to paper surface of light 1; 1d — light transmitted from
paper inside through ink layer to ink surface of lightl; 2b — light
transmitted from paper inside to paper surface of light2; 2c — light
refected from ink layer surface of light 2; 2d — light transmitted from
paper inside through ink layer to ink surface of light 2; 3a — light
reflected from paper surface of light 3; 3b — light transimtted from paper
inside to paper surface of light 3; 4c — ligh reflected from ink layer
surface of light 4; 4d — light transimtted from paper inside through ink
layer to ink surface of light 4

2.2 Relation between density and dot area

The effective method to measure the cluster dot area
is to measure the dot area density. And it is widely used in
many colour measuring equipments. Simultaneously, a
number of studies indicate that solid density has more
influence on dot gain than any other factors in measuring
dot gain process [3, 14, 18]. Density in printing process is
usually optical density. It can be computed by logarithmic
computation of the amount of incident light and outgoing
light as follows:

D=lgln @

out

in which, D is optical density. R;, is the amount of
incident light. And R, is the amount of outgoing light.

To compute the dot area of printed matter, D was set
as the solid density and p; as the corresponding
reflectivity, then the relation between the density and
reflectivity can be shown as follows:

1
D, =1g—. 3)
Ps

Theoretically, set the reflectance of the blank area of
the substrate, e.g., paper, as 1. Set the dot area on the
paper is a, so the rest area of the paper is 1 — a. Then the
corresponding reflectance is axps and 1 — a respectively.
So the total reflectance of the substrate can be computed
as follows:

p=axp,+(1-a). “)

It is shown in Fig. 2 as follows:

Incident
light

Reflect light

Reflect light of paper
Ink thicknessl

of dot T
paper T

Figure 2 Computation of dot density and dot area

Thus, D, the reflectance density of the dot area, a,
can be computed as follows:

1 1
g =lg .
axps+(1—a) l1—a(l-p,)

D, =lg—= (5

1
P

According to Eq. (3), ps can be computed as follows:
po =105, (6)

Then plug Eq. (6) into the Eq. (5) and D, can be
computed as follows:

|
D=lg— )
b T 1oa-107Ds)

For random cluster dot area, the reflectance density
D, can be measured by densitometer or
spectrophotometer. Finally, the cluster dot area can be
computed according to Eq. (5), Eq. (6) and Eq. (7):

_1-10™

a=—-, 8

1-10% ®
in which, a is the cluster dot area of printing sample to be
measured. D, is reflectance density, and D, is solid
density. Eq. (8) is the famous formula to compute the
relation between dot area and dot density, i.e., Murray-
Davis formula [5, 19, 20, 21]. Although some corrections
have been done to the formula by the researchers in this
area, e.g., Yule-Nielson formula [21, 22], Murray-Davis
formula remains to be the most popular model in
measuring dot area and dot density. In this paper, Murray-
Davis formula was used to compute the relation between
dot area and dot density.
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3 Modelling and experiment part
3.1 Development, analysis and hypothesis of secondary
colour scale dot gain model

Given the primary dot area of primary dot area is S,
and the measured dot areas of primary are Sc, Sy, and Sy
respectively. So the corresponding secondary colour scale
dot areas are S, Sr, and Sg. Theoretically, the final
perception of dot paralleling is the same as that of dot
overprinting according to halftone image reproduction
law [23]. For secondary colour scale, Blue is made up by
primary colour Cyan and Magenta scale. There would be
several cases as follows:

Case 1: Cyan and Magenta colour scale do not
overlap at all (Fig. 3). So the total dot gain of this scale
can be shown as follows:

ASy = ASc +ASy,, ©9)

in which, AS¢ is dot gain of Cyan colour scale. ASy; is dot
gain of Magenta colour scale. ASg is dot gain of
secondary colour, Blue colour scale.

INK

: ] M PAPER

Figure 3 Case 1: Cyan dot does not overlap with Magenta dot at all

Case 2: Cyan and Magenta colour scale overlap
completely (Fig. 4). So the total dot gain of blue scale can
be shown as follows:

ASy = max (AS¢, ASy), (10)

where, ASg, ASc and ASy; have the same meaning in Eq.
(9). Max is to find the maximum dot gain from Cyan dot
gain and Magenta dot gain.

M
INK PAPER

Figure 4 Case 2: Magenta dot overlaps Cyan dot completely

Case 3: Cyan dot area partly overlaps Magenta dot
area (Fig. 5). For this case, secondary colour, Blue,
consists of both overlapping and paralleling case. So the
total dot gain can be shown as follows:

ASg =S¢ + Sy —AS —28,, (11)

in which, AS is the overlapped dot area. S is the primary
dot area.

B M

NK

Figure S Case 3: Cyan dot area partly overlaps Magenta dot area

Therefore, dot gain of secondary colour scale, ASg,
can be illustrated as the function of dot gain of the
primary colour scale, ASc and ASg. And it can be
expressed as follows:

ASy = IASc, ASy). (12)
Further it can be shown as:
ASg = axASc + bxASy + ¢, (13)

in which, ¢ is adjustment coefficient. And this prototype
model of dot gain of secondary colour scale is developed.
Similarly, the prototype of dot gain of secondary colour
scale, Red and Green, can be formed using the same
method above. In this paper the prototype model is
simulated using Multiple Linear Regression method as
follows.

3.2 Multiple Linear Regression

Secondary colours, Red, Blue and Green, are obtained
by overlapping or paralleling the primary colour, Cyan,
Magenta and Yellow in this paper. So the dot change of
Red, Green and Bluecolour scale is determined by the dot
change of Cyan, Magenta, and Yellow colour scale. In
particular, the dot change of Blue colour scale is
determined by Cyan colour scale and Magenta colour
scale. The dot change of Red colour scale is determined
by Yellow colour scale and Magenta colour scale. And the
dot change of Green colour scale is determined by Yellow
colour scale and Cyan colour Scale. According to the
above analysis, multiple linear regression method is used
to analyze the dot gain of secondary colour scale in this
paper.

The common form of multiple linear regression
model can be shown as follows:

Y, =B+ X+ X+ + S Xy +6,i=12,...,n.(14)

In which, £ is the number of variables. f,(j = 1, 2,...,
k) is regression coefficient.

For the parameter estimation of Eq. (14), it can be
done by least square method or maximum likelihood
estimation method under the condition of satisfying the
minimum of error sum of squares. Given (i1, X12,..., X1p,
Y1)sees(Xnts Xn2oe-.r Xpp, ¥s) to be a group samples, and
maximum likelihood estimation method is used.

Set by, by,....b,. When by =by, by =by,....b, =b,,
p

Q:Zn:(yi_bo_blxil_"'_b xip)2 has the minimum
i=1

value. Take partial derivative to each component of Q and
make them equal to zero, i.e.,

a n
G 23 3=y —byxy —r=byx,) =0
abO i=l1
(15)
a n
L 23 (3= by —byxy ==y, )5y =0
ob, i1
j=L2,...,p.

And Eq. (15) is simplified to Eq. (16) as follows:

Tehnicki viesnik 22, 4(2015), 845-852

847



Research on secondary colour optical dot gain model in electrostatic digital colour printings

Xiao-zhou Li et al.

n

n n n
Zyi :bOnerlZ:xi1 erzZ:xi2 +~‘~+bp2xip
= P =

i=1

n n n n n
_ 2
Z‘xilyi —bozxn +blzxil+b22xilxi2+ +bpz‘xi]xip
=1 -1 in1 il -1

(16)
Zx‘.pyi = bOle.p + bIZ:xipxi1 wLbZZ:x‘.pxi2 +oeen +bp2x;
i=1 i=1 i=1 i=1 i=1
Then set
Y I ox, x, Xip b,
ye ‘yz X = 1 x’21 x:21 X, B- b,
y n 1 xnl xn2 T xnp bp
respectively, Eq. (17) can be set as follows:
XY = X' XB. a7

Therefore, maximum likelihood estimator is obtained:

by
D _ bl _ ' -1 vr
B=|""=(x'x)"'x'Y. (18)
b,
So the estimator of u(x;,x,,",x,) =b, +bx, +---+b x,
is:
P=by+bx, ++bx . (19)

And Eq. (19) is the p variables experience linear
regression equation. In this paper, secondary colour scale
consists

of two primary colour scales, so set p = 2. And such
process is to solve the two variables linear regression
equation.

3.3 Experiment

Dot gain is inevitable in printing process. Even in
non-impact printing, optical gain is still in dot area [14].
Six colour scales were designed and output in this paper
(Fig. 6). From the top to the bottom the colour scales are
Cyan, Magenta, Yellow, Blue, Green and Red
respectively. And static digital printing was chosen as the
output mode and the dot area of primary colour scale,
Cyan, Magenta and Yellow, were measured. The dot areas
of second colour scale, Blue, Red and Green were also
measured. 500 samples were output using Konica Minolta
bizhub Press C6000 and about 50 samples were extracted
randomly and measured by spectrophotometer. The
average values are shown in Tab. 1 and Tab. 2. And
coated color laser printing paper was used as printing
substrate. The weight is 120 g/m’. X-Rite SpectroEye LT
was used to measure the color patch with the viewing
condtion of D65, 2° standard viewing angle and 45°/0° of
geometry. CIE1931 standard observers was used in this

paper.

Figure 6 Colour scales of Cyan, Magenta, Yellow, Blue, Green and Red

Table 1 Primary colour dot area

Dot area of primary colour scale
Primary dot area 0 2 4 6 8 10 20 30 40 50 60 70 80 90 100
0 C 0 6 9 14 18 19 34 46 57 64 77 86 93 98 100
it M [ 0 [ 4 [10] 14 [ 17 [ 19 [ 30 | 4 | 54 [ 63 [ 76 | 84 [ 92 [ o8 | 100
Y 0 4 10 15 18 21 35 50 63 71 82 88 94 99 100

Table 2 Secondary colour dot area

Dot area of secondary colour scale

Primary dot area 0 2 4 6 8 10 20 30 40 50 60 70 80 90 100
B 0 6 13 19 21 24 41 54 64 75 84 91 94 98 100
Mea;ﬁd ©tmE T o | 4 9 16 | 20 [ 23 [ 35 [ 52 | 64 | 72 [ 8 | 8 | 94 [ 99 [ 100
R 0 6 13 21 24 28 42 59 73 80 89 93 96 99 100

4 Results and discussion

The research in this paper comprised the research of
dot gain of primary colour Cyan, Yellow and Magenta,
dot gain of secondary colour Blue, Red and Green, and
the relation model between secondary colour and primary
colour. The results of the research were put into
correlation in order to get the objective recommendations
of the relation between secondary colour dot gain and

primary colour dot gain for the xerographic digital
printing.

4.1 Primary dot gain curves

The research of dot gain was performed on fields of
the colour scales in the range from 2 to 90 % screen
value. By calculation of dot gain for the designed colour
scales the curves for the primary colour were constructed
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as the average value of all Cyan, Magenta and Yellow
samples. The obtained results are shown in Fig. 7.

In Fig. 7, dot gain of Cyan, Magenta and Yellow is
basically the same in the high-light area. Dot gain of
Yellow is the most obvious or serious in light area (20 +
40 %) and mid-tone area (40 + 60 %), while dot gain of
Magenta is less serious in the same area. However, dot
gain of the three primary colour scales tends to be
basically the same in the shadow area (70 + 100 %). The
point is that dot gain is most serious in 40 % tone area,
not in 50 % tone area because it is dependent on dot
shape.

25_ .......... ¢ S pemos s s s e s o . ........... Ny T : s e
dot gain of C : ; : !
—&—dot gain of M

dot gain of ¥

0 i i i i ; i i

case number
Figure 7 Dot gain of primary colour scales, Cyan, Magenta and Yellow

4.2 Modelling for secondary colour dot gain

According to the above analysis, assume that
secondary colour dot gain depends on the primary colour
dot gain. For secondary colour Blue, its dot gain is based
on dot gain of primary colour, Cyan and Magenta
according to the multiple linear regression method. Dot
gain of Blue is given to have the follow relations with
Cyan and Magenta according to Eq. (19):

AB = b, +bAC +b,AM . (20)

Similarly, secondary colours Green and Red have
similar relations with primary colour Cyan, Magenta and
Yellow.

AB = b, +bAC + b,AM
AG =g, +gAC+g,AY. (21)
AR =1y + nAM +1r,AY

Eq. (21) also can be expressed as:
AS(B,G,R)=A-AP(C,M.Y) , (22)

where, AS is dot gain of secondary colour, AP is dot gain
of primary colour and 4 is conversion matrix.

50 samples were extracted from the output samples
randomly and were measured by spectrophotometer to get
the dot gain data. The average data is shown in Tab. 2.
Multiple linear regression method was used to compute
the related coefficient for Eq. (21) and Eq. (22). And the
result is shown as follows:

b, b b)) (—0.6203 1.3865 0.0955
A=|g, g & |=| 00033 00418 1.0147

7 3.4423 -0.9240 1.8397

0 14

1 7,

2

Then the prototype of relation between secondary
colour scale dot gain and primary colour scale dot gain is
developed as follows.

AB =—-0.6203 +1.3865AC + 0.0955AM
AG =0.0033+0.0418AC +1.0147AY
AR =3.4423 -0.9240AM +1.8397AY

So the dot gain of secondary colour scale can be
calculated based on the dot area of primary colour scale.
Then the measured dot gain (Tab. 2) and calculated dot
gain can be compared and some effective analysis can be
done. Finally, the effective prototype system for
secondary colour scale dot gain compensation and
prediction system based on the primary colour scale dot
gain can be developed.

dot gain of C,M.B
25

dot gain of G
—&— dot gain of M

—&— dot gain of measured B
—— dot gain of calculated B

20

a

L L L L L L '
a 2 4 B =] 10 12 14
case number

Figure 8 Dot gain of Cyan, Magenta, measured Blue and Calculated
Blue

residual error of scale B

Residuals

2 4 B 8 10 12
Case Number

Figure 9 Residual of Blue regressed

4.3 Evaluation and discussion

According to the result, Tab. 1 and Tab. 2, the
relation between measured dot gain and calculated dot
gain of Blue based on primary Cyan and Magenta is
shown in Fig. 8. And the residual plot of calculated
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secondary dot gain is shown in Fig. 9. In a similar way,
the relation between measured dot gain and calculated dot
gain of Red based on primary Magenta and Yellow is
shown in Fig. 10. And the residual plot of calculated
secondary dot gain is shown in Fig. 11. For secondary
Green, the comparison was shown in Fig. 12 and Fig. 13.

dot gain of MY R
ES

—+— dot gain of M
dot gain of ¥

3ot —6— dot gain of measured R
—+—dot gain of calculated R

i o

case number
Figure 10 Dot gain of Yellow, Magenta, measured Red and Calculated
Red

residual error of scale R

Residuals

Case Mumber

Figure 11 Residual of Red regressed

dot gain of C,Y .G
28

dot gain of C

dot gain of ¥
S dot gain of measured G
—+—dot gain of calculated G

201

dot gain

il I I I I I I |
0 2 4 B g 10 12 14

case number

Figure 12 Dot gain of Cyan, Yellow, measured Green and Calculated
Green

From Fig. 8 to Fig. 13, it is found that the model
developed in this paper to calculate and to predict
secondary colour dot gain has more efficiency in light-
tone and mid-tone area of Red and Green while has some
error in high light tone and shadow tone. For modeling
and prediction of Blue, it is found that the model has more
error than that for Red and Green, especially in the 50 %
tone area. So it is necessary to do some further research to
the error area and the model for Blue. Moreover, it is also
necessary to do research on the other types of printing for
secondary dot gain.

residual errar of G

Residuals

2 4 B g 10 12
. Case Mumber
Figure 13 Residual of Green regressed

5 Conclusion

The purpose of digital printing is to enable the
printing of high efficiency and of high quality
reproduction. To obtain the qualitative reproduction
depends on a series of parameters, e.g., paper, pigments
and equipments, digital prepress image processing.
However, one of the most important is the standardized
and defined dot gain in a regular production process. Dot
gain control is the most effective and simple method to
control printing quality. The research in this paper
confirmed that the screening dot is the basic printing
element to reproduce continuous image and to form the
printing image. On the basis of the obtained results and
analysis, with the aim of increasing the quality of the
printing product, the new dot gain control technologies
should be recommended during the digital printing
process.

From all the mentioned, the research in this paper
established the model of the secondary colour dot gain
according to the primary colour dot gain so that it was
used to evaluate and to control the dot gain in a larger
scope.

The secondary colour dot gain in electrostatic digital
printing is studied by considering dot gain of the colour
scales, Cyan, Magenta, Yellow, Blue, Red and Green. The
relations between secondary colour dot gain and primary
colour dot gain are also studied. Three primary colour
scales, Cyan, Magenta, Yellow, and three secondary
colour scales, Blue, Red and Green, are designed from 2
% to 90 %. The colour scales are output by electrostatic
colour press and measured by spectrophotometer. The dot
gain of the secondary colour is modeled according to the
dot gain rules of the primary colour using multiple linear
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regression method. The results illustrate that the dot gain
of secondary colour changes with the dot gain of primary
colour synchronously, and that further research is needed
to make for dot gain compensation and printing process
control.

Acknowledgements

This work was financially supported by Shandong
Province Science and Technology Development Project
(Grant No. 2012YDO08016), Ji'nan City Colleges and
Universities Independent Innovation Project (Grant No.
201311032), and Director Fund of Key Laboratory of
Pulp & Paper Science and Technology (Qilu University of
Technology), Ministry of Education, Ji’nan, China (Grant
No. 08031310).

6 References

[1] Adams, J. M.; Dolin, P. A. Printing Technology 5".
Delmar Thomson Learning, US. 2001.

[2] Namedanian, M.; Gooran, S. Characterization of Total Dot
Gain by Microscopic Image Analysis. // Journal of Imaging
Science and Technology. 55, 4(2011), pp. 405011-405017.
DOI: 10.2352/J.ImagingSci.Technol.2011.55.4.040501

[3] Shevell, S. K. The Science of Colour 2". Elsevier, UK,
2003.

[4] Kipphan, H. Handbook of Print Media. Springer, Berlin,
2001. DOI: 10.1007/978-3-540-29900-4

[5] Chengfa, H. U. Printing Colour Science. Printing Industry
Press, Beijing, 1993.

[6] Braun, G. J.; Fairchild, M. D. Gamut Mapping for Pictorial
Images. // Technical Assoation of the Graphic Arts, TAGA
Proceedings/Rochester, 1999, pp. 645-660.

[7] Zjakic, 1.; Bates, 1.; Mikovic, M. A Study of Dot Gain and
Gamut for Prints Made with Highly Pigmented Inks. //
Tehnicki vjesnik-Technical Gazette. 18, 2(2011), pp. 227-
235.

[8] Li, X. Z. Study on Colour Gamut Mapping Theory and
Method Based on Colour Appearance Model of High
Fidelity Colour Reproduction. South China University of
Technology, China, 2012.

[9] Zheng, Y. Detection and Control of Printing Materials
Quality. Chemical Industry Press, Beijing, China, 2010.
[10] Nussbaum, P.; Hardeberg, J. Y. Print Quality Evaluation
and Applied Colour Management in Coldset Offset
Newspaper Print. / Colour Research and Application. 37,

2(2012), pp. 82-91. DOI: 10.1002/col.20674

[11] Nystrom, D.; Norberg, O. Improved Spectral Vector Error
Diffusion by Dot Gain Compensation. // The International
Society for Optical Engineering, Proceedings of SPIE and T
Electronic Imaging — Color Imaging XVIII: Displaying,
Processing, Hardcopy, and Applications/USA, 2013, pp.
86520L-1-11.

[12] Berns, R. S. Principles of Colour Technology. John Wiley
& Sons, New York, 2000.

[13] Mesic, B. Printability of Polyethylene-Coated Paper and
Paperboard. Karlstad University, Karlstad, 2006.

[14] Yang, L. A Unified Model of Optical and Physical Dot
Gain in Print Colour Reproduction. // Journal of Imaging
Science and Technology. 48, 4(2004), pp. 347-353.

[15] Olsson, R. Some Aspects on Flexographic Ink-Paper and
Paperboard Coating Interaction. Karlstad University,
Karlstad, 2007.

[16] Modric, D. Scattering and Light Transport in Printing
Substrates. Faculty of Graphic Arts, University of Zagreb,
Croatia, 2009.

[17] Huntsman, J. R. A New Model of Dot Gain and Its
Application to a Multilayer Colour Proof. // Journal of
Imaging Science and Technology. 13, 5(1987), pp. 136-
145.

[18] Englund, C.; Veritas, A. Ink Flow Control by Multiple
Models in An Offset Lithographic Printing Process. //
Computers & Industrial Engineering. 55, 3(2008), pp. 592-
605. DOI: 10.1016/j.cie.2008.01.019

[19] Bugnon, T.; Hersch, R. D. But is it an online shelflist?:
recovering neugebauer colourant reflectances and ink-
spreading curves from printed colour images. // Colour
Research and Application, 2013.

[20] Changjun, L.; Ronnier, L. M. Further Accelerating the
Inversion of The Yule-Nielson Modified Neugebauer
Model. // Color Science and Engineering Systems,
Technologies, and Applicatrions, Final Program and
Proceedings — IS and T/SID Colour Imaging
Conference/Portland, 2008, pp. 84-88.

[21] Yule, J. A. C.; Nielsen W. J. The Penetration of Light into
Paper and Its Effect on Halftone Reproductions. //
Technical Association of the Graphic Arts, TAGA
Proceedings/Rochester, 1951.

[22] Arney, J. S.; Engeldrum, P. G.; Zeng, H. Expanded Murray-
Davies Model of Tone Reproduction in Halftone Imaging.
// Journal of Imaging Science and Technology. 39, 6(1995),
pp. 502-508.

[23] Gustavson, S. Dot Gain in Colour Halftones. Linkoping
University, Linkoping, 1997.

Authors’ address

Xiao-zhou Li, Ph.D.

Key Laboratory of Pulp & Paper Science and Technology,
Ministry of Education

Qilu University of Technology

250353, Ji’nan, China

Email: lixiaozhou2000@163.com

Jing-jing Liu, Assistant and researcher
Shandong University of Art & Design
250353, Ji’nan, China

Email: foxliu919@163.com

Xue-lin Li, Assistant and researcher

School of Mechanical and Automotive Engineering
Qilu University of Technology

250353, Ji’nan, China

Email: kjelxl@126.com

Yu Liu, Prof.

School of Computer and Electron Information Engineering

Qilu University of Technology and Shandong Yingcai University
250104, Ji’nan, China

Email: liuyu8619759@163.com

Ai Xu, Assistant Prof.

Qilu University of Technology
250353, Ji’nan, China

Email: Ixzrgb@126.com

Tehnicki viesnik 22, 4(2015), 845-852

851


mailto:lixiaozhou2000@163.com
mailto:foxliu919@163.com
mailto:kjclxl@126.com
mailto:liuyu8619759@163.com
mailto:lxzrgb@126.com

	1 Introduction


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



