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ABSTRACT 
 

 Offset printing is the commonest and highest commercial printing technology to produce quality print products. In the past, offset 
printing was more economic and it was the right choice for all printed jobs. But with the increasing popularity of digital printing, the 
choice has become more subtle because majority of the people don’t know the difference between offset and digital quality printed 
products. The main object of this study is to compare offset print quality and digital print quality and to match the digital print quality with 
offset output print quality. The larger number of steps involved in offset printing is causing air pollution, water pollution, land pollution 
and other related undesirable environmental effects. The objective of the present analysis is to reduce these avoidable steps causing 
pollution and to define the correlation between the optical density and color difference of the main process ink colors cyan, magenta, 
yellow and black on two different types of printing processes, printed on four-color sheet-fed offset printing press and four color digital 
printing press on the same paper. A standard test form used that contains different control strips for densitometric and colorimetric 
measuring has been used. By applying the regression analysis methods, it has been ascertained that the correlation between the optical 
density deviations – (ΔD) from the optimal values and color difference (ΔEab) can be represented by the following regression model 
(equation): ΔEab = a + bΔD (y = a + bx) [1]. By using the ISO standards limits for color difference ΔEab, it can be identified which ΔD 
limit values correspond to every color and every printing process combination. The results achieved are important from scientific and 
practical point of view. The output print quality achieved in digital printing is close to the offset printing quality that is 95% matching with 
offset print quality of four color inks of cyan, magenta, yellow and black. For the first time, in an experimental way, a well-grounded proof 
has been taken from Heidelberg CD 102 four color offset machine for testing offset print quality and RICHO Pro C5100S digital full color 
production printers for testing digital print quality by provision of color differences in compliance with the ISO 12467 international 
standards. The limits of the optical density deviation and variation from the optimal values for two different printing process combinations 
were taken into consideration. 
 
Key words: Print Quality, Offset Printing, Digital Printing, Optical Density, Color Difference, Deviations and Control strips. 

 
INTRODUCTION 
 

The quality of printing production is the most 
important factor, which determines the market 
position of the printing houses. Offset printing is the 
most common high volume commercial printing 
technology to produce quality print products. In the 
past, offset printing was the clear and natural choice 
for printed jobs. But with the increasing popularity of 
digital printing, the choice has become more 
confusing especially, when the majority of people 
don’t know the difference between two printing 
processes [2]. The offset printing uses various steps 

for producing photos from negative, whereby the 
image that appears on the printed matter is first 
created on a computer before being transferred onto 
plates and then onto a printed surface like the paper. 
A great number of quality parameters are defined in 
the International standards. In offset printing process 
we operate with parameters like ink quantity, 
registration of colors, water/ink balance, pressure in 
printing zone, etc. The offset printing is a tedious 
process, creating time length and polluting water, 
land and air including other related environmental 
effects factors [3]. 
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But digital printing, an image on the computer is 
sent directly to the printer using digital files such as 
PDFs and those from graphic software such as 
Illustrator, InDesign etc. This eliminates the need for 
plates, which is used in offset printing, which can 
save money and time [4]. Originally digital printing 
was invented as a prepress digital proofing system. It 
was designed to emulate the final printing press 
results giving customers an idea of what their final 
printing press project would look like. The process 
eventually evolved into an alternative printing 
solution especially for the short run jobs [5]. Digital 
printing thus eliminates the numerous steps involved 
in the offset printing process, such as creating films, 
and plates for ink rollers. Most digital presses today 
apply ink in a single pass from a single or multi ink 
head. 

In practice we use two methods to measure the 
quantity of printing ink and quality of printed 
images: Densitometric method is used for control and 
management of printing processes, based on 
measurement of optical density, tone values, tone 
value increase and derived quality parameters like 
relative print contrast, ink trapping, etc. Colorimetric 
method is based on measurement of color 
coordinates, values and color differences ΔEab [6]. 

The idea of obtaining a mathematical model and 
connection between ΔEab and ΔD was borrowed 
from standard ISO 2846-1. This standard offers a 
method for graphical determination of the 
colorimetric conformance of inks. This conformance 
is achieved by calculating the color difference 
(ΔEab) from the reference values for each of the 
prints made and plotting this against the ink film 
thickness [7]. Implementation of this method also 
includes a mathematical connection (model) between 
reference color values of process ink sets from ISO 
12647-2 and specified in standard tolerances for 
ΔEab, will give an admissible ΔD tolerance. These 
ΔD tolerances could be implemented in practice and 
no spectrophotometer for measuring of colors and 
ΔEab will be needed [8].  

 
2. Experimental Setup: 

The aim of this research is to define the 
correlation between optical density and color 
difference of basic process ink colors – cyan, 
magenta, yellow and black ink printing on two types 
of printing processes namely Offset printing and 
Digital printing. The test form that have been used 
contains different color control strips and elements of 
solid patches for Cyan, Magenta, Yellow, Black, two 
color overprint patches, 40% and 80% dot gain 
patches, slur/doubling control elements, registration 

marks, etc. All measuring components are with 
screen ruling value 60 cm-1. 

During the experiments positive working 
printing plates were exposed on CtPlate system 
Luscher XPose130. The offset printing press, which 
has been used, is four color sheet-fed Heidelberg CD 
102 and for digital printing RICHO Pro C5100S 
digital full color production printer was used. The 
paper, which has been used, was 120 g/m2 coated 
glossy paper to take proofs from offset and digital 
press. The inks, used in experiment were tested and 
they conform to ISO 2846-1 (all standard 
requirements for color, transparency and ink film 
thickness range). The printing sequence of the inks, 
was K, C, M and Y. 

A spectrophotometer/densitometer of type Xrite 
Spectro-Eye has been used for measuring of optical 
density and the color characteristics in the CIE Lab 
color space. All measurements were in accordance 
with ISO 12647-1 D50 illuminant, 2° observer, 0/45 
or 45/0 geometry, black backing and in accordance 
with ISO standards. Color characteristics (averaged) 
of used papers measured on five different places 
were in accordance with ISO12647-2 tolerances 
(L±3, a±2, b±2) [9]. 

In the above-mentioned conditions began the 
printing. The series of samples were characterized by 
gradual smooth changes of ink quantity – from 
under-inking to over inking. When the test samples 
were printed, by method of maximum printing 
contrast was determined the optimal quantity of 
printing inks (represented by Dv) for the two types of 
printing process.  

A few printed sheets were taken fortuitously 
from the file of printed papers which have not a 
slur/doubling or other print defects. For the each type 
of papers and for all process ink colors were defined 
the reference color patches – these are the fields, 
which have an optimal density values. For each type 
of printing process and process colors ink was 
performed a big number of measurements from 
under-inking to over-inking of CIELab color values 
and optical densities - Dv. The numbers of 
measurements for each process and ink colors were 
different and it has been determined from obtaining 
big variety of color differences – from minimum 
upto an excess of determinate limits of color 
differences tolerance. The main goal of this research 
is formulated on the base of the advantages and 
disadvantages of the densitometry and colorimetry, 
as given below: 

To determine the  
(1) dependence between the optical densities 
(2)  color differences of the basic ink colors.
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Table 1: CIE LAB ∆Eab tolerances for the solids of the process colors 

Parameter 
Color 
Black Cyan Magenta Yellow 

Deviation tolerance 5 5 5 5 
Variation tolerance 4 4 4 5 
½ of Variation tolerance 2 2 2 2.5 

 
The ISO 12647-2 has defined the admissible 

deviation and variation tolerances as given in Table 
1. The deviation of the process-color solids of the 
OK print of the production run is restricted by the 
condition that the color differences between proof 
and OK print shall not exceed the deviation 
tolerances. The variability of the process-color solids 
in production is restricted by a few conditions. For at 
least 68 % of the prints, the color differences 
between a production copy and the OK print shall not 
exceed, and should not exceed one half of, the 
pertinent variation tolerances [10].  

In some researches, the relation between ΔD and 
ΔEab was investigated in accordance with reference 
values, as set by the ISO standard version. In order to 
express the analytical dependence between ΔD and 
ΔEab, it is necessary to apply mathematical 
modeling, regression analyses and statistical analyses 
of experimental data, taking into consideration the 
deviation and variation tolerances from optimal 
inking for C,M, Y, K. It was determined, that the 
experimental fitting curve is a straight line, described 
with the formula: y = a + bx (in this specific case 
ΔEab = a + bΔD).  

 

Results and Discussion 
 

3.1 Solid ink density: 
Density is the ability of a material to absorb 

light. The darker a color to the eye, the higher is the 
density. Density measurements of solid ink patches 
were used to monitor the ink film thickness applied 
during a press run. In comparing two printed sheets, 
density readings should be within 0.05 units, when 
measured on a Spectrophotometer, for meaningful 
print quality assessment. Dot gain, print contrast and 
apparent trap are directly affected by this solid ink 
density. Therefore, monitoring solid ink density 
during a press run is essential while comparing any 
printed material in terms of quality [11].  

             1 
Density = log 10 ---- 
              R 
(where R = Reflectance) 
 
The density values of offset printing and digital 

printing were measured with Xrite SpectroEye 
spectrophotometer. The measured density values for 
different colors (C, M, Y and K) for offset printing 
and digital printing are given in Table 2.

  
Table 2: Measured density values for offset printing and digital printing 

Process C M Y K 
Offset 1.54 1.49 1.18 1.76 
Digital 1.47 1.40 1.11 1.71 
Density matching 95.5% 93.9% 94.1% 97.2% 

 

 
 

Fig. 1: Density values – Offset printing Vs. Digital printing 
 
The solid ink density (reflection density) is a 

function of the percentage of light reflected.  From 
Table 2 and Figure 1 it is observed that the offset 
printed sheets reflection density of C (Cyan) is 1.54 
against the digital printed sheets is 1.47, for M 
(magenta) it is 1.49 for offset and 1.40 for digital, for 
Y (yellow) it is 1.18 for offset and 1.11 for digital 

and for K (Black) it is 1.76 for offset and 1.71 for 
digital printing. As a whole the density of digital 
printing is 95.2% matching with the density of offset 
printing can be observed from the Figure 1.  
 
3.2 Color parameters (CIE LAB values): 



112               M. Nandakumar and  Dr. N. Bose, 2015 /Journal Of Applied Sciences Research 11(23), December, Pages: 109-116 

The CIE, Commission Internationale de 
l’Eclairage (translated as the International 
Commission on Illumination), is the body 
responsible for international recommendations for 
photometry and colorimetry. In 1931 the CIE 
standardized color order systems by specifying the 
light source (or illuminants), the observer and the 
methodology used to derive values for describing 
color.  When a color is expressed in CIELAB, L* 

defines lightness, a* denotes the red/green value and 
b* the yellow/blue value. Figure 2 shows the color-
plotting diagrams for L*a*b*. The a* axis runs from 
left to right. A color measurement movement in the 
+a direction depicts a shift toward red. Along the b* 
axis, +b movement represents a shift toward yellow. 
The center L* axis shows L = 0 (black or total 
absorption) at the bottom. The center of this plane is 
neutral or gray [12]. 

 

 
Fig. 2: Color-plotting diagram for L*a*b* 

 
Assessment of color is more than a numeric 

expression. Usually it’s an assessment of the color 
difference (delta) from a known standard. CIELAB is 
used to compare the colors of two objects. Given the 
ΔL* Δa* Δb* values, the total difference or distance 
on the CIELAB diagram can be stated as a single 
value, known as ΔE*ab.  
 

 
 
The CIE LAB values measured in offset printing 

and digital printing for different colors ink (C, M, Y 
and K) using Xrite spectrophotometer is given in 
Table 3 and graphically represented in Figure 3.

 
Fig. 3: Color parameters – Offset printing Vs. Digital printing 

 
Table 3: CIE LAB Values – Offset Printing Vs. Digital Printing 

Proc
ess 

C M Y K R G B 

L* a* b* L* a* 
b
* 

L* 
a
* 

b* L* a* 
b
* 

L* a* b* L* a* b* L* a* b* 

Offs
et 

56.
07 

-
38.
66 

-
45.
57 

48
.5 

72.
9 

-
3.
2 

86.
45 

-
5.
9 

87
.9 

21.
36 

0.
4 

0.
2 

45
.7 

65
.8 

46
.6 

48
.2 

-
64
.7 

31
.6 

21
.5 

22
.7 

-
45
.9 

Digi
tal 

56.
32 

-
37.
6 

-
44.
5 

47
.9 

71.
41 

-
3.
2 

85.
17 

-
4.
7 

86
.1 

21.
8 

0.
29 

1.
2 

46
.3 

67
.2 

45
.3 

49
.2 

-
62
.8 

31
.4 

21
.3 

21
.9 

-
45
.9 

ΔEa
b 

1.52 1.60 2.51 1.09 2.00 2.15 1.37 
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It is observed from the Table 3 that the color 
difference of cyan ΔEab is 1.52. The deviation 
tolerance as per ISO (offset printing) is 5 and the 
difference is within the prescribed value. The color 
difference of Magenta ΔEab is 1.60, the deviation 
tolerance as per ISO (offset printing) is 5 and the 
difference is within the prescribed value. Color 
differences of Yellow ΔEab is 2.51 the deviation 
tolerance as per ISO (offset printing) is 5 and the 
difference is within the prescribed value and color 
differences of black ΔEab is 1.09, the deviation 
tolerance as per ISO (offset printing) is 5 and the 
differences are within the prescribed value. Hence 
the LAB value of digital printing shows equally good 
quality of color reproduction compared with offset 
printing. The color difference of Magenta on Yellow 
print ∆Eab is 2.0 for Cyan on Yellow color overprint 
∆Eab is 2.15 and for Cyan on Magenta overprint 
∆Eab is 1.37. The color differences are within the 
range of 5 as represented graphically in Figure 3. 
Hence the consistency of the print quality is assured 
in offset printing and digital printing.  

 
4. Mathematical modeling to characterize solid ink 
density and color parameters (CIE LAB values): 

Mathematical modeling aims to describe the 
different aspects of the real world, their interaction, 
and their dynamics through mathematics. 
Mathematical models also offer new possibilities to 
manage the increasing complexity of technology 
[13]. In this paper, a mathematical model is derived 
to have a deeper understanding of the relationship 
between the ink density and color values which 
determine the print quality in offset printing and 
digital printing. The ink density ΔD for different 
values of ΔEab were calculated for determining a 
mathematical relationship between them to  

 
i.predict the value of ΔEab based on the value of 

ΔD 
ii.explain the impact of changes in the values 

ΔEab on the values of ΔD. A linear regression model 
is applied to find the relationship between the ink 
density and color values. 

 
4.1 Simple linear regression model: 

A linear regression model between a single 
study variable and a single explanatory variable is 
termed as simple linear regression model. The study 
variable (ΔEab) is denoted by Y and explanatory 
variable (ΔD) by X. The simplest relationship 
between X and Y is a linear relationship which is 
given by Y = a + bX.  Fitting a model means 
obtaining the values of the intercept term of the line 
(a) and slope of the line (b) on the basis of collected 

observations on X and Y. The most suitable or the 
“best” values of a and b are obtained using the 
regression analysis [14]. 

To obtain reasonably good estimate of a and b 
the method of least squares is used. When a line Y = 
a + bX is fitted, the exact relationship between X and 
Y is not linear and only approximating the 
relationship by a line. Therefore, it is written as, 

 
where   is the predicted or fitted or estimated 

value of Y. The exact relationship between X and Y 
can be written as 

Y = a + bX + error 
The error is the difference between the observed 

value and the predicted value of Y. It is required to 
have such values of ‘a’ and ‘b’ for which these 
residuals (errors) are minimum.  

For this, 

 
is differentiated with respect to a and b 

separately and equate the derivatives to zero. Solving 
these two equations, the following estimates of a and 
b are arrived. 

 
 

 
 

5 Analysis of the regression model and Discussion: 
The OriginPro 8 SR4 version software is used in 

this research for curve fitting using regression 
analysis to find the relationship between ink density 
(∆D) and color parameters (∆Eab). Origin is an 
industry-leading scientific graphing and data analysis 
GUI software developed by OriginLab®. Curve 
fitting is one of Origin's most powerful and most 
widely used analytical methods. Origin provides 
tools for linear and nonlinear curve fitting. The 
output data of printed sheet results are assessed by 
feeding the readings of Cyan, Magenta, Yellow and 
Black density readings ∆D and ∆Eab color 
differences to find the best fit regression model. A 
regression model is first developed, and then the best 
fit parameters are estimated using the least-square 
method. Finally, the quality of the model is assessed 
using hypothesis tests of R2 and T-value to ascertain 
the fitness of the regression model. The regression 
model (equation), estimated R2 and T-statistics of the 
data for offset printing and digital printing are shown 
in Table 4 and Table 5. The plots of the CIE LAB 
values of C, M, Y and K for offset printing and 
digital printing are shown in Figure 4.
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Fig. 4: Graphs showing CIE LAB values of Offset and Digital printing for C, M,Y and K  

 
In X axis the ΔD optical density and Y axis 

ΔEab color parameters are taken, the readings were 
fitted in the linear regression line for all four process 
colors. The individual measured values of ΔD and 
ΔEab of Cyan, Magenta, Yellow and Black readings 
were plotted in the regression equation shown in the 
graph. The different readings of printed samples 
were assessed for their quality reproduction and OK 
print samples were considered for the analysis of 
density color difference of digital printing. As per the 
regression model the cyan optical density ΔD values 
are plotted against color difference values ΔEab.  

The plotted values of CMYK are not deviating 
from the OK print of the production run samples 
color values. The plotted readings of cyan, magenta, 
yellow and black production prints optical density 
values are within the variation tolerance as specified 
in Table 4. The half of 4 is 2 for the colors of cyan, 
magenta and black. For the yellow color it is 2.5 
variation tolerances is accepted. The regression 
model for cyan, magenta, yellow and black colors 
optical density ΔD against the color parameters ΔEab 
is within the tolerance value specified.  

 
Table 4: Regression Model for Offset Printing 

Ink Mathematical model (Regression) R2 T-statistics 
Cyan ∆E = 3.27737 - 0.47241∆D 0.99791 48.58385 
Magenta ΔE = 3.84103 - 1.30774ΔD 0.93466 71.46935 
Yellow ΔE = 2.61564  - 2.11654 ΔD 0.98674 36.60076 
Black ΔE = 1.46632 - 4.21174 ΔD 0.97667 13.51392 

 
Table 5: Regression Model for Digital Printing 

Ink Mathematical model (Regression) R2 T-statistics 
Cyan ∆E = 2.13732  -1.49544∆D 0.9124 38.27591 
Magenta ΔE = 2.55662 - 4.58905ΔD 0.98711 22.1276 
Yellow ΔE =  2.24978 - 1.67253ΔD 0.99669 35.30026 
Black ΔE =  2.19303 - 1.7927 ΔD 0.99636 38.02583 

 
In the linear regression model (Y = a + bX), ‘a’ 

is the y-intercept and ‘b’ is the slope. It is studied 
from the experimental values and mathematical 
models obtained that the slope is negative for all 
CMYK process colors. It shows the color values 
decrease as the density values increase and it is 

clearly expressed that the relationship between 
optical density and color values are related to each 
other. 
 
 
 

5.1 Goodness-of-fit: 
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Linear regression calculates an equation that 
minimizes the distance between the fitted line and all 
of the data points. Technically, ordinary least squares 
(OLS) regression minimizes the sum of the squared 
residuals [14]. In general, a model fits the data well if 
the differences between the observed values and the 
model's predicted values are small and unbiased. The 
fitness of the model can be proved using the 
following parameters: 

1. Coefficient of determination (R2) 
2. T-test statistics 
 

5.2 Coefficient of determination: 
The goodness of the fitted model is studied by 

calculating the Coefficient of determination R2. R2 is 
a statistical measure of how close the data are to the 
fitted regression line. R2 is the percentage of the 
response variable variation that is explained by a 
linear model.  

 
 R2 = Explained variation / Total variation 
 

 
 
R2 is always between zero and one. Zero 

indicates that the model explains none of the 
variability of the response data around its mean and 
one indicates that the model explains all the 
variability of the response data around its mean. In 
general, the higher the R-squared, the better the 
model fits the data. It is clearly noted from the 
experimental results, R2 is calculated for cyan is 
0.99791, Magenta is 0.93466, Yellow is 0.98674 and 
for black it is 0.97667. As stated earlier the R2 value 
of CMYK are very close to the 1 and hence the 
mathematical models arrived are considered to be 
fitted model. 

 
5.3  t-Test for the slope: 

The t-value is a test statistic that measures the 
difference between an observed sample statistic and 
its hypothesized population parameter in units of 
standard error. A t-test compares the observed t-
value to a critical value on the t-distribution with (n-
1) degrees of freedom to determine whether the 
difference between the estimated and hypothesized 
values of the population parameter is statistically 
significant. 

For the fitted model, the hypothesis is tested. 
The slope is zero against it is not zero. Ho:b=0 
against Ha:b=0 is tested [14]. The test statistics is 

 
 
The t-test value of offset printing results for 

Cyan, Magenta, Yellow and black were computed 

and entered in Table 4. The T-statistics for cyan is 
48.58385, Magenta is 71.46935, Yellow is 36.60076 
and for black it is 13.51392. The T-statistics value at 
5 % level of significance and 13 df (degree of 
freedom), the critical value referred from the t- 
distribution Table minimum is 2.160. It is verified 
from Table 5 that the computed T-Values of CMYK 
are higher than 2.160. Therefore, at 5% level of 
significance the null hypothesis is rejected for offset 
printing of all process colors of Cyan, Magenta, 
Yellow and Black. Hence it is concluded that there is 
an evidence of linear relationship between the optical 
density deviations (ΔD) from the optimal values and 
color difference (ΔEab) of print quality of offset 
printing. Similarly the T-statistics of digital printing 
values for cyan is 38.27591, Magenta is 22.1276, 
Yellow is 35.30026and for black it is 38.02583. The 
computed T-values of CMYK are higher than 2.160 
and conclude that there is an evidence of linear 
relationship between the optical density deviations 
(ΔD) from the optimal values and color difference 
(ΔEab) of print quality of digital printing.  

 
Conclusion: 

For the first time, via experimental research in 
real production conditions, the deviation and 
variation tolerances from optimal inking density 
values from offset printing outputs and digital 
printing outputs were determined, taking into 
consideration the human optical perception and the 
specific production conditions. The obtained results 
for deviation and variation tolerances can be used in 
practice for preparing for print for sheet-fed offset 
presses and digital color presses for quality control of 
printing process. The output print quality achieved in 
digital printing is close to the offset printing quality 
that is 95% matching with offset print quality of four 
color inks of cyan, magenta, yellow and black. The 
experiment undeniably brings forth the superseding 
facts of digital printing over offset printing. The 
strength of digital printing lies in its prompt output 
capability avoiding considerable delay caused by the 
various processes of offset printing. Besides, it has 
the magical spell of “low-cost” for even fewer 
numbers of copies when compared to offset print-
outs. Above all the digital printing minimizes 
pollution-possibilities unlike the offset printing. The 
eco-friendly, less-costly and prompt processes of 
digital printing with its LAB values tested and 
compared with the ISO standards thus certainly 
enhance the desirability of preferring digital printing 
to offset printing. 
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