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Methods

Di�erent computer-aided assessments have been in-
troduced lately as new techniques for quantitative sur-
face damage characterisation. These methods are 
based on image processing and analysis and have sim-
ilar concept of damage registration, digitization, and 
image feature calculus. However, they di�er in sample 
preparation method, digitization process, and image 
processing steps. Furthermore, they have de�ned only 
one image feature, only for quantitative damage char-
acterisation, instead of taking advantage of using addi-
tional features provided by the computer-aided assess-
ment methods.

In this study, a new digital image feature, the fold crack 
distribution, has been introduced, analyzed and dis-
cussed its potential usage for fold-crack quality assess-
ment. The fold crack distribution is intended to numer-
ically determine the crack scattering over the folding 
line. For that purpose, descriptive statistics, mean 
values with standard deviations and coe�cients of 
variation have been used.

In order to simulate the expanding tendency of surface 
damages glossy coated o�set papers have been used 
in �ve di�erent basis weights (90, 115, 130, 150 and 
170 g/m2). Prior to folding, the sample papers were 
printed on KBA Rapida 75 o�set machine in full tone 
cyan to make the cracked surface properly visible. The 
folding process was done on Horizon AFC546AKT fold-
ing machine, using a buckle folding unit with standard 
rollers and gap adjustments. 50 samples of each paper 
grade were folded in both paper grain directions, in 
machine direction (MD) and cross direction (CD).

The image acquisition was done on Canon CanoScan 
5600F �atbed scanner (resolutions of 1200spi, sRGB 
color space, no advanced image settings, �le type BMP 
and color depth of 24bit). The scanning window was 
4x25mm, and it was set up along the folding line. 
During the scanning process, the samples were mount-
ed on a holder with �ve di�erent inner angles (15°, 30°, 
45°, 60°, 90°) or placed in a �at position (i.e. 180°).
After the acquisition  process, greyscale images were 
generated from the original RGB images via red chan-
nel extraction, while the binary ones were delivered 
using Otsu automatic thresholding segmentation. The 
folding line detection (position and direction) was de-
termined by Hough transform. Large-scale print 
non-uniformity and detached coating particles were 
eliminated by custom masking technique. 

The crack distribution calculus is based on the arithme-
tic mean value and its corresponding standard devia-
tion of white pixels` sums registered in every row of the 
analyzed image. Lower values of standard deviation 
indicate that the surface damage is evenly distributed 
along the folding line, while higher values are corre-
sponding to a few and/or bigger and disjoint damages. 
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Although crack distribution is determined via standard 
deviation, the coe�cient of variation is a more inter-
pretable form. Therefore, results are presented in that 
manner.

The white pixel count values have an increasing ten-
dency by increasing the sample papers’ basis weight 
and have slightly higher values for CD folded samples 
(Figure 1b) than for MD folded ones (Figure 1b), al-
though some deviations can be observed. These results 
follow the literature data and the primary hypothesis 
that papers with higher basis weight and thickness 
generate larger surface stresses during the folding pro-
cess, especially in the cross direction (CD folding). 

The obtained results, in general, demonstrated that the 
mean white pixel count has an increasing tendency by in-
creasing the basis weight of the substrates and had a slight-
ly lower value for samples folded in the machine than cross 
direction. These results con�rm the basic assumptions that 
on thicker substrates (i.e. on samples with higher basis 
weight), the crack lines are larger, longer or grouped and 
that the folding process generates higher surface destruc-
tion in cross than machine direction.
 
The basic concept of using standard deviation for crack dis-
tribution measure seems to be correct since lower values 
indicate evenly distributed surface damages, often in the 
form of long and thick crack lines over the entire folded 
area. In comparison, higher standard deviation values corre-
spond to a few, small or medium, but usually disjoint cracks. 
However, instead of the standard deviation, the coe�cient 
of variation can provide more accurate results for a more 
realistic characterization of crack scattering, regardless of 
the di�erence in mean values. Based on the obtained re-
sults, it can be concluded that the proposed approach to 
the calculation of crack distribution can serve as a new 
image characteristic for the qualitative measurement of the 
fold-crack resistance of coated papers.

Results for the standard deviation of white pixel count 
suggest that all samples had more or less similar crack 
dispersion over the folding line, but a detailed visual 
analysis showed that this was not the case. Thus, the 
results in this form do not reveal much about the 
nature of the coating damage, due to the di�erences in 
the mean values. For appropriate data analysis in a case 
of varying mean values, the crack distribution metric 
should be de�ned via the coe�cient of variation.

Figure 1
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Average white pixel count for machine (a) and cross folded 
samples (b)

Figure 2
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Coe�cient of variation for white pixel count of samples 
folded in machine (a) and cross direction (b)
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Results of coe�cient of variation for white pixel count [%] 
(Figure 2a-b) have decreasing tendency by increasing the 
sample papers’ basis weight and have signi�cantly lower 
values for CD folded samples than for MD folded ones. Al-
though, there are some minor deviations mostly for the 
thickest paper (170 g\m2), the results follow gradual step-
wise changes. For samples folded in cross direction, this 
trend is more emphasized and extends to thinner papers. 
These results indicate that even samples with lower basis 
weights get long and connected crack lines during CD fold-
ing. The more uniform, step-like decreasing of coe�cient of 
variation values for MD folded samples (Figure 2a) indicates 
that basis weight has a more signi�cant in�uence on the 
crack distribution in MD folding than in CD. 


