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Introduction

In the process of obtaining a digital copy of an old book, 
there are difficulties that require the adjustment of its 
technological operations, in particular the general condi-
tion of pages, the opening degree of the book block, the 
heterogeneity of the page background and changes in 
the optical density of the text and illustrative information 
due to the aggressive influence of different environ-
ments in the process of the old book storing. They form 
the range of optical densities for each page and require 
adjusting the light distribution over the recorded area.

Specialized equipment is used for the old book digitiza-
tion, the application of which does not involve the fastest 
possible process implementation but obtaining a high 
quality digital copy. It is known that such equipment is 
currently installed in many scientific libraries of Ukraine 
(Kotsyuba, 2012; Anon, 2019; Kotsyuba, 2019). The fol-
lowing companies present it on the market: Zeutschel 
GmbH, Image Access GmbH, Atiz Innovation Co., Ltd, 

TREVENTUS Mechatronics GmbH, SMA Electronic Doc-
ument GmbH, ELAR, i2S SA. Each manufacturer offers 
several types of devices for old book scanning that 
differ in format, book placement principle, digital cam-
era resolution, and different innovative approaches .

The operation of any recording system is characterized 
by digital noise. Digital noise is a defect in an image 
that results in statistically inevitable randomly scat-
tered pixels of random colour and brightness over the 
area of the recorded image that does not match the 
original. It is clear that the value of digital noise varies 
depending on the condition of the original, the param-
eters of the scanning device, the principles of image 
processing software (Crowley, 2016). The result of opti-
mal selection of the scanning process factors and its 
modes is the characteristic feature of a digital copy.

It is known that the software has been tested for per-
forming technological operations with digital images 
and the expediency of using the following applications 
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has been established: ACDSee, Book Restorer, Scan Kro-
msator Scan Tailor, Adobe Photoshop, Easy Scan Plus. 

The objective of the work is to determine the priority of 
the factors that determine the quality of the digitization 
process of old books for their subsequent digital resto-
ration. The following factors have been identified in the 
analysis of the digitization technology of old books:

• the condition of an old book (f1);
• the range of optical density (f2);
• a type of a scanning device (f3);
• the software (f4);
• the characteristic feature of a digital copy (f5);
• the digital noise (f6);
• the light distribution (f7).

Methodology

For the analysis of the process factors, the method 
has been used, which has shown its versatility to solve 
the problems of factors priority of different processes 
(Senkivskyy, Pich & Melnykov, 2013; Repeta, Senkivsky 
& Piknevych, 2014). This method, in contrast to the 
method of hierarchies analysis and solving the reach-
ability matrix and pairwise comparison of factors (Pikh 
& Senkivskyy, 2013), takes into account both direct influ-
ences and dependencies between factors and indirect 
or mediate, that is, those that pass through another 
factor. The method of ranking distinguishes between 
the types of influences and the dependencies of factors 
by giving different weights to each of them, and the 
conducted analysis does not lead to the placement of 
two or more factors at the same level of the hierarchy.

 » Figure 1: An oriented graph of factors for the digitiza-
tion process of old books

Based on the graph (Figure 1), we construct for 
each of the factors hierarchical trees of their rela-
tionship with other factors, taking into account 

the influences of both types – direct and mediate, 
that is, indirect, passing through another factor.

After analysing the graphs (Figure 2), we calculate the 
total weight values of the direct and indirect influ-
ences of factors and their integral dependency on 
other factors. To do this, we introduce the following 
symbols. Let kij be the number of influences (i = 1 – 
direct, i = 2 – indirect) or dependencies (i = 3 – direct, 
i = 4 – indirect) for the  j-th factor (j = 1,...,n); wi is the 
weight of the  i-th type. For calculations, we take the 
following conditional values for the weight coefficients 
in conditional units: w1 = 10, w2 = 5, w3 =  -10, w4 =  -5.

 » Figure 2: Graphs of multilevel hierarchical  
relationships for factors of the digitization process  
of old books (a – g)

We denote the total weight values of all types of relation-
ships of quality factors by Pij. 

We use the following formulas for calculations:

      (1)

where n is a number of the factor.

For our oriented graph (Figure 1) taking into account (1), 
we get:

           (2)

It is clear that, in the absence of one factor for one of 
the relationship types, its corresponding value kij in the 
expression (2) will be zero. The presented formula is the 
basis for getting weight values of factors ranking, taking 
into account different types of relationships between 
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them. For the formation of the number of influences 
and dependencies of factors (Table 1), we define direct 
influences for each of them, the number of which is fixed 
by the coefficients k1j. “Ways of dependency” provide 
with obtaining the coefficients k3j in a similar way. The 
combined consideration of indirect influences or depen-
dencies of a factor (i.e. influence or dependency through 
other factors) determines the coefficients k2j and k4j.

Table 1
Directions of influence and ways of dependency of fac-
tors for the digitization process of an old book

Characteristics 
of the factor

Number of  factor j
1 2 3 4 5 6 7

Impacts  4 2 4 2 0 1 1
Dependencies 0 2 1 1 5 3 2

It should be noted that P3j < 0 and P4j < 0 since 
according to the given initial conditions w3 < 0 and 
w4 < 0. So, to bring the total weight values of the fac-
tor with the lowest priority to zero and the rest to a 
positive value, we transform the formula (2) into:

 ,        (3)

Sj = max|P3j|+ max|P4j|.        (4)

The specified values are added in each row to the 
sum of the values in the columns P1j, P2j, P3j and P4j. 
Finally, we obtain the resultant weight of the factor, 
which is the basis for establishing the factor rank 
rj, which is equivalent to the priority of its influ-
ence on the digitization process of old books.

At the next stage, a questionnaire has been formed 
according to these factors, in which experts (employ-
ees of Vasyl Stefanyk National Science Library, 
Ukrainian Academy of Printing, Lviv Printing College 
of Ukrainian Academy of Printing) have been asked 
to evaluate the importance of the factors influence 
on the digitization process of old books. And it is 
necessary to indicate how the digitization process 
will improve, according to the questions asked:

1.  How does the condition of the old book 
affect the quality of the digitized copy?

2.  Is the range of optical densities of the orig-
inal essential during its digitization?

3.  How will the selection of a scanning device 
affect the quality of the old book digitization?

4.  How does the software affect the qual-
ity of the received digital copy?

5.  Does the effect of digital noise have a significant 
impact on the quality of the digitization process?

6.  How does the light distribution affect 
the quality of the digital copy?

The questionnaire form is filled in when answering six 
questions (Table 2).

Table 2
The form of the questionnaire, which is proposed to the experts

No.
Number of  factor j

0 25 50 75 100*
1
2
...
n

*scale values 0-100% indicate the level of improve-
ment of the process of digitizing the old print.

Each expert interprets these answers individually, that 
is, it takes a fuzzy form. Therefore, it is desirable not 
only to select an acceptable answer, but also to provide 
a quantitative assessment. To do this, the expert is sug-
gested a so-called “soft” form of quantitative interpre-
tation of answers when the expert has to give not one 
but several quantitative assessments. For the expert 
orientation, the set of possible quantitative assessments 
takes on values, for example, from 0 to 100% (Baranov 
& Ptushkin, 2004). In addition, the expert is asked to 
give a degree of certainty to each of such assessment 
that the selected quantitative assessment would be 
correct. The degree of certainty is quantitatively char-
acterized by the verbal-numerical scale by Harrington 
(Saaty, 1980), which is presented below (Table 3).

Table 3
The verbal-numerical scale by Harrington

Confidence level Value
very high 0.8 – 1.0
high 0.63 – 0.8
average 0.37 – 0.63
low 0.20 – 0.37
very low 0.0 – 0.20

Thus, the task of the expert is to select the answer 
in the form of Table 2, which is offered to the expert 
when answering the question, and to evaluate it on 
the verbal-numerical scale by Harrington. For exam-
ple, this is one answer to the question: “Does the 
effect of digital noise have a significant impact on 
the quality of the digitization process?” in Table 4.

Table 4
The expert’s answer to the given question

Possible values of the parameter changes, %
0 25 50 75 100

0.8 1.0 0.5 0.3 0.1

In the presented questionnaire: 0 is the lowest degree of 
certainty, 1 is the highest degree of certainty. 
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According to the table, the membership function has the 
following form:

μ(u) = [0.8; 1.0; 0.5; 0.3; 0.1]

The example in the table above points to the following:

• the influence of digital noise on the digitization 
process is 25% (the degree of certainty is 1.0);

• there is slightly less certainty (0.8) that 
such an influence will be absent at all.

The membership function of the generalized thought is 
determined by the formula:

        (5)

The result of the expert survey is the maximum value of 
the function:

           (6)

Results

The calculations (according to formula 3), we form 
Table 5 to establish the factors ranks. As it can be seen 
from the table, max |P3j| = 50; max |P4j| = 30. The 
factor with the highest value of PFJ has highest rank.

Table 5
Calculated data of factors ranking for the dig-
itization process of old books

Number of 
factors j k1J k2J k3J k4J P1J P2J P3J P4J PFJ

Factor 
rank rj

1 4 4 0 0 40 20 0 0 28 1
2 2 1 2 2 20 5 -20 -10 15 4
3 4 1 1 0 40 5 -10 0 23 2
4 2 1 1 1 20 5 -10 -5 18 3
5 0 0 5 6 0 0 -50 -30 0 7
6 1 0 3 4 10 0 -30 -20 8 6
7 1 1 2 1 10 5 -20 -5 14 5

According to the received results, factors with the highest 
rank are (Figure 3): the condition of an old book, a type 
of a scanning device, the software. Accordingly, these 
factors have the greatest influence on such parameters 
of the resulting digital image as resolution, brightness, 
contrast and colour characteristics, which determine 
the prerequisites for the next digital copy processing.

At the second stage the subsequent answers to the 
i-th question is summarized in Table 6. If the exper-
tise level of the experts is the same, then the overall 
fuzzy assessment will be obtained at the intersec-
tion of fuzzy sets belonging to the experts’ answers. 

The membership function quantifies this assess-
ment according to the fuzzy set intersection rule.

 » Figure 3: Influence of priority factors for the digitiza-
tion process of an old book on parameters of a digital 
copy

Table 6
Experts’ answer to the given question

Experts
Possible values, %

0 25 50 75 100
1 0.8 1.0 0.5 0.3 0.1
2 0 0.7 1.0 0.5 0.2
3 0 0.8 0.6 0.4 0.2
4 0 1.0 0.4 0.2 0.1
5 0 0.95 0.7 0.5 0.25
6 0 1.0 0.75 0.2 0
7 0.4 1.0 0.8 0.7 0.6
8 0 1.0 0.8 0.6 0.5
9 0 0.9 0.7 0.5 0.25
10 0 0.8 0.5 0 0

Ten representatives from the expert group have an-
swered the above question (see Table 6) in the form  
of a fuzzy set M with the corresponding membership 
function μ:

М1=0,8/0+1,0/25+0,5/50+0,3/75+0,1/100

М2=0/0+0,7/25+1,0/50+0,5/75+0,2/100

М3=0/0+0,8/25+0,6/50+0,4/75+0,2/100

М4=0/0+1,0/25+0,4/50+0,2/75+0,1/100

М5=0/0+0,95/25+0,7/50+0,5/75+0,25/100

М6=0/0+1,0/25+0,75/50+0,2/75+0/100

М7=0/0+1,0/25+0,8/50+0,6/75+0,5/100

М8=0/0+1,0/25+0,8/50+0,6/75+0,5/100

М9=0/0+0,9/25+0,7/50+0,5/75+0,25/100

М10=0/0+0,8/25+0,5/50+0/75+0/100

μ1(u) = [0.8; 1; 0.5; 0.3; 0.1];

μ2(u) = [0; 0.7; 1; 0,5; 0.2];

μ3(u) = [0; 0.8; 0.6; 0.4; 0.2];

μ4(u) = [0; 1; 0.4; 0.2; 0.1];

μ5(u) = [0; 0.95; 0.7; 0.5; 0.25];

μ6(u) = [0; 1; 0.75; 0.2; 0];

μ7(u) = [0; 1; 0.8; 0.6; 0.5];

μ8(u) = [0; 1; 0.8; 0.6; 0.5];

μ9(u) = [0; 0.9; 0.7; 0.5; 0.25];

μ10(u) = [0; 0.8; 0.5; 0; 0]

The answer for the influence of digital noise is: [0; 0.7; 
0.4; 0; 0]. 

Thus, u* = 0.8 correspond to 25 % influence on the pro-
cess quality. The answers to other questions are shown 
in Table 7.

This survey has revealed that the condition of an 
old book and the light distribution are of the high-
est importance, experts have shown for them with 
certainty u* = 1 that these factors determine the 
digitization quality by 75 and 100%, respectively.
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Table 7
Results of the survey according to the suggested questionnaire 

Question
Maximum value of the function, u*

0 25 50 75 100
1 0 0 0.5 0.7 1.0
2 0 0.2 0.6 0.8 0.6
3 0 0 0.5 0.9 0.7
4 0 0 0.9 0.8 0.5
5 0 0.7 0.4 0 0
6 0 0.4 0.5 1 0.8

Conclusions

According to the analysis by the method of ranking, the 
following factors have been found to have the highest 
priority in the digitization process of old books: the 
condition of the old book, a type of a scanning device, 
and the software. The survey conducted in the second 
stage has confirmed the priority of such factor as “the 
condition of the old book”. In addition, the importance 
of the factor “light distribution” has been shown, for 
which experts have revealed with certainty u* = 0.8-1 
that this factor determines the quality of the digitization 
process of an old book by 75-100%, although this factor 
has occupied the fifth position during ranking. It should 
also be noted that the factor “light distribution” in the 
construction of the relationship model between the 
factors depends on the condition of the old book and 
the type of a scanning device, which reduces its impor-
tance. The third most important factor (u* = 0.9) is the 
factor “a type of a scanning device”, which is expected 
to achieve 75% of the process improvement. The factor 
“software” was next in priority and experts have indi-
cated with certainty u* = 0.9 that selecting it correctly 
could improve the digitization process by 50%. The two 
methods of the factor analysis used have allowed getting 
almost identical results that complement each other. 
The next stage of our study will be the research of the 
influence of priority factors by means of fuzzy logic.
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